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Executive Summary

1 Executive summary

H2Uppp project: scope and goals of the project

The H2Uppp program is a development initiative integrated by the Deutsche Gesellschaft fur Internationale
Zusammenarbeit (G1Z) GmbH and funded by the Federal Ministry for Economic Affairs and Climate Action (BMWK)
of Germany. H2Uppp supports the leverage of the matkfor green hydrogenand Powerto-X (PtX)applications
through technical and financial support given to projects along the hydrogen and derivatives chain. Through public
private partnerships (PPP), it is possible to apply impaspsto 2 million euros with public participation, in all stages

of the hydrogen value chain: production, storage, transformation, transport and use.

In addition to PPPs, H2Uppp is dedicated to two other fields of actioetworking and project searchthrough
matchmaking between Brazilian and German companies, the program helps in the development of ideas, business
fairs, conferences, and identification of synergies between companies and projects; anddiesemination of
knowledge and capacity buildinghrough technical studies, specialized training and presentations at energy and
finance sector events.

NIRAS International Consulting in Germany and Denmark advised on a spectiutinetechnicateconomic feasibility
study for a methanol and syncrude plapincluding greenhydrogen. This study was complemented by financial
modelling assessment and overview on international financing optidos Me-Le, especially for the methanol route,
as chosen by MeLe and GIZ. In addition, other studies were also implemented in this PPP includi}tg2 and PtX
Certification with advisory for Md_e, iii) advisory and study on the environmental licensing procedures for the project
including a lifecycle and environmental assessments, iv) advisory on legal aspects and v) advisory andstaimal
welfare aspects and international financial advisory to prepare the project documentation as requested by
international donors and investors.

For the feasibility study GIZ invited and awarded this contract to NIRAS International Consulting (NIC) to manage the
team of experts in Brazil, Denmark, Chile and Belgium to conduct EEHngineering assessments for the production

of green fuels from biogas and green hydrogen. The assessment focused on a PaweX facility located in the
Western Parand regionand is composed of three main parts$) multiple biogas plants connected to cooperative of
farmers, ii) a renewable energy park (PV and/or windihdaa iii) chemical synthesis factory for green fuétsluding

green hydrogen production. The developed plant concept is outlined ligure 11 below.

This compiled report has the objective to present the main findings of each and the studies implemented feiLble
within this PubliePrivate Partnership between Méee and GIZ in an organized and harmonized manner.

The TechneEconomicFinancial Feasbility (FEIAsSsessment)

The purpose of this assessment was to explore the techeaonomic feasibility of the production of green fuels in

the Western Parana region, solving the sanitation and environmental issues in the region while addressing the
significant amount of animal an@gricultural waste. The relatively large biogenic carbon available in the region, from
said wastes, therefore offers a unique opportunity to synthezise bio anéuels, as biogas from animal/agricultural
waste digestion is considered one of the most cesffective form of carbon from which green fuels can be
synthetized(1)

The present summary outlines the major findings of the feasibility study, at the same time providing perspective on
project reason, green fuels future market.
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Why green fuels?

According to the roadmap to achieve zero carbon emission by 2050, published by the International Energy Agency
(2), IEA, the market of biofuels and green hydrogen derivative fuelduels, is set to increase significantly in the future
decades in order to comply with the goals of limiting global warming and relative CO2 emission. Global use of
hydrogen (including hydogen derivatives) is forecasted to expand from less than 90 Mt in 2020 to more than 200
Mt in 2030; the proportion of lowcarbon hydrogen rises from 10% in 2020 to 70% in 2030, where roughly half comes
from water electrolysis (green hydrogen).
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Figurel-1General plant concept for Green Hydrogen

Green fuels demand will increase and eventually substitute the majority of fossil oil sources both in the industrial and
transportation sectors. Green fuels, including biofuels derived from biogenic carbon sources and green hydrogen
derivatives (efuels),are going to play a major role in the decarbonization of both light and heavy mobility, and
chemical industry, acting as lowarbon chemical compounds, as well as in industrial high temperature heat
generation and electrical grid stabilization, as it ighlighted in followingFigure 12.

Additionally, there are specific targets in the EU regulation for both biofuels antuels utilization as highlighted in
Fit for 55, RED lll, RefuelEU Aviation and Maritime, among others.
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What is it? Derived Fuels Main Use
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Figure 12 Sustainable fuels and their main usages

Biofuelsl, Biokerosené, BiooMGO and EMethanol?

What green fuels were compared in Parana for Me2?

Within the H2Uppp feasibility assessment, two types of green fuels are considered and compared, namely methanol
and syncrude/SAF (substitute for kerosene), from technical and economic point of view. A comparative study is
conducted to increase diversificetn and reduce project risk. For both green fuel products, plant layouts have been
designed, carrying out production technology review and selection, as well as exploring the adaptability to variable
load conditions.

The results of this comparative analysis indicate that it is economically possible to produce both SAF or methanol.
With dedicated plant designs, the levelized costs are comparable with expected price ranges. However, it is
highlighted that methanol route provides a larger variety in applications range, $égure 13, and therefore larger
offtakers baseas well as asignificantly higher degree of flexibility in process design and process operati@r these
reasons, a more detailed process design and emmic assessment has been carried out for a green methanol plant,
which includes green hydrogen, produced from water electrolysis plant. Comparative study and cases analysed are
described in higher detail below in the first chapter of this document.

As can be seen itfrigure 13, global methanol demand is significant and increasing, and renewable methanol occupies
only a small fraction of the demand. Furthermore, methanol applications are pertinent to different fields and markets,
not only the mobility sector. These applicationgill also need to be decarbonized in the future.

1biofuels: renewable fuels derived from biomass, such as biomethane

2 Kerosene is a fustommonly used in aviation. Biokerosene is produced from biomass, where&emsene is generated through a process
involving renewable electricity, the electrolysis of water, and a renewable carbon source.

¥ Marine Gas Oil (MGO) is a fuel usediimaritime applications. BidGO is derived from biomass.-EIGO is generated through a process
involving renewable electricity, the electrolysis of water, and a renewable carbon soieeine Gas Oil (MGO) is a fuel used in maritime
applications. BieMGO is derived from biomass.-BIGO is generated through a process involving renewable electricity, the electrolysis of water,
and a renewable carbon sourcésmethanol and eammonia are fuels produced through a process that utilizes renewable electricity and water
electrolysis. In the case of methanol, a renewable carbon source is used whereas for ammonia, nitrogen separated from the air is utilized.
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Figure 13 Global methanol demand and use distribution

Which technological routes were designed and assessed in the technical-(JF&halysis?

A feasibility assessment was performed considering different synthetic fuels and many technologies for biogas
utilization and green fuels productionThe process design phase aimed to compare the feasibility of producing
different green fuels: syncrude/SAF or methanolThis phase was aided by process modelling software and
established kinetic models to achieve higher prediction accuracy. The decision to focus exclusively on proven
technologies (higher TRL levels) reduced technological risks. Thereforepitebeing theoretically more efficient,
technologies such as biogas direct reforming were excluded due to current proven maturity level.

Furthermore, the design concept prioritized maximizing CO2 utilization from the biogas stream to produce green
fuels, which is proven to be challenging from both technical perspectives, where certain reaction products are
favoured instead of others, redung overall yield, and economic perspective, as it is typically required to design larger
synthesis loop and reactors due to the unreacted species. Having a syngas with a relative higher concentration of
CO2 generally requires composition correction, in shétudy such intervention is carried out adding green H2 to the
mixture. Therefore, the use of green hydrogen in the scenarios analysed is directly dependent to the CO2 utilization
degree and may be relatively significant in size.

Which technological scenarios were assessed in the technical analysis?

Three different scenarios were proposed and investigated for converting biogas and green hydrogen into syncrude
or methanoland subsequently to sustainable aviation fuels (SA#xplained as follows and shown in the figure below.
The fundamental block of the process design proposed, common to all three scenarios, is the conversion of biogas
into syngas (a mixture of H2, CO and CO2apd subsequently to SAFThis is realized with a combination of steam
reforming unit, SMR reactor, and an adiabatic post cont@r (APOC). This methodology has the advantage of
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creating a syngas composition more suitable for downstream synthesis processes, Figchpsch (FT) or methanol
synthesis, maximizing the CO2 carbon source. Furthermore, it improves the SMR operating conditions, reducing its
size as well.

TechnologicalOption A
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Figurel-4 Different scenarios designed for syncrude/SAF or methanol production.

Technological options Aand B present two possible version of SAF plant with different complexity degree, hydrogen
utilization and overall productivity.

TechnologicalOption A (SAF Production)

The technological optionA is the simplest pathway to produce SAF, and follows the existing conventional plants
configuration. Syncrude is produced through Fisch&ropsch (FT) synthesis, distilled and hydrocracked to SAF. The
tailgas and unreacted gas species from the FT loop aeeovered and partially converted in a PrReformer reactor
before the SMR step. In this case, green hydrogen is utilized mainly in the hydrocraking step. From the technological
perspective this scenario represents the highest T&tel for SAF production. Since not the entirety of available CO2

is utilized, the SAF productivity stands at approximately 365 MTD.
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TechnologicalOption B (Improve Syncrude Productivity)

The technological optionB stems fronthe technological option A layout and intends to maximize the CO2 carbon
source to improve syncrude productivity. Some of the CO2 is indeed fed to a rWGS unit together with a relevant
stream of green hydrogen, to promote generation of CO rich syngas, which is then mixed with igl2 syngas from

the SMR side. Size of SMR and rWGS is optimized to achieve the correct syngas composition at the FT reactor entry.
Tail gases and unreacted gases recovery layout, out of Fcteq is kept the same as in Scenario A. SAF productivity
compared to scenario A is largely improved and sets at approximately 528 MTD, configuration complexity and
component size is also significantly increase.

TechnologicalOption C (Methanol Production)

Methanol synthesis configuratiortechnological optionC, is composed of the same SMRPOC syngas producing
block. In this case, the plant configuration presents less units and dimished complexity; the latter is to be attributed
to the less strict requirements for syngas composition at the entry of the methbhagnthesis loop. A certain, not
negligible, fraction of CO2 can be sustained by traditional methanol reactors and effectively converted to methanol.
Significant amount of green hydrogen is also utilized in the methanol synthesis loop to fully employ B2 @om
biogas, adjust the syngas composition and therefore maximizing the methanol productivity.

The technological option C layout is also characterized by a large recycle of unreacted components. However, this
affects only the methanol syntesis loop and not the other reactors/steps, avoiding larger size for those components.
Keeping the reduction of these gases similar tdne syncrude production process. Methanol productivity is
approximately 1060 MTD.A feasibility assessment was performed considering different synthetic fuels and many
technologies for biogas utilization and green fuels production.

What green fuels price ranges are expected in the future?

Green fuels prices, including both bifuels and efuels, currently and for the next decades aencumbered by a
significantly large uncertaintyThe green fuel market, especially for thefaels case, is currently in a staup phase.

Therefore, a relative large deviation in forecast is to be expected. Considering the methanol case first, according to
many international reports and references, the projected price eheethanol in the near future is attending between
820 USD/ton and 162M©SD/ton, (1) (3), depending on regionality, cost of electricity and cost of GGupply. In the

next decades the cost of enethanol is expected to drop as the technology, value chain and market mature to a level
between 250 USD/ton and 650 USD/ton. Uncertainty on bmethanol price is relatively smaller, as it is currently
produced from biogenic carbon sources, although not at a significant scale compared to global demand; its price
stands between 327 USD/ton and 1013 USD/t) Also in this case, price differences are mainly attributed to
regionality and cost of carbon source. It is extremely relevant to mention that green fuel prices, despite the already
relatively large window of values provided by the International Energyefgy, are highly dependent on the market
conditions, for example biemethanol has been bought at around 2500SD/ton by Mearsk in 20234).

Secondly, considering SAF, current fossiiginated aviation fuel price sets around 400 USD/ton and 800 USD/ton
globally. SAF production, through HEFA and Alcoktol-Jet pathways, is still nowadays limited compared to global
kerosene demand, despite intest peak after ReFuelEU Aviation initiative of 5% SAF blending by 2030 for all flights
departing from European airports. Given high fluctuations in biomass supply, SAF price is oscillating between 800
USD/ton and 2400 USD/torg5), (6), (7). ESAF is estimated to be on a similar range, in the latter case, uncertainty is
the highest.
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What is the performance of the final PtX facility designed for Nle?

The developed final concept for green methanol production has the potential to produce 1030 MTD of methanol,
selling a part as certified bianethanol and a part as certified -enethanol, following the RFNBO directive regarding
the green hydrogen derivativeslt has been estimated, as part of a class 5 cost analysis (+ 50%), that for the whole
facility, composed of biogas plants, RE far®tX plant and infrastructures, that a total investment, CAPEX, of
approximately 1.3 to 1.8 billion euros is necessdoy these ranges the financial assessment defined four scenarios,
with the last one being a variant of the Mé.e scenario. The relative levelized cost of methanol for such project stands
approximately between 900 and 1200 EUR/ton, placing it well within thpexted price window (given the design
stage of the project there is a not negligible level of uncertainty). Further details are in Financing Modelling Chapter.

How can risk be mitigated in this project?

Given the size of the CAPEX investment for the project and in order to mitigate risks and uncertainties, it is advisable
to implement asystematic approach to the project development, with the goal of gradually reducing risk at minimal
cost, to reach financinal closure

In the feasibility study performed, four essential points were examined and the exposed conceptual recommendations
have been followed and verifiedt is to be noted that a more thorough investigation of these points is required in
the successive, more detailed, design phases of the project:

91 Technical feasibilitythe processes, technology and equipment to be employed must exhibit a high
maturity level and be capable of generating production output and revenues in line with the projected
capacity. Additionally, ensure a high maturity level i.e. high technology rieads level. This has been
verified engaging with technology suppliers.

1 Economic viabilitythe project has to demonstrate the ability to generate cash flow associated with its
operation, showing that the generated revenues are sufficient to cover debt costs while also providing
an attractive return rate to investors and financiers. A businessdal analysis has been conducted to
verify the project bankability.

1 Guarantee of supplyit is has been studied and verified that there are sufficient natural resources (water,
electricity, carbon sources) to ensure the projec
An agreement has already been signed with a consortium ofrfegrs for the biogas supply and its
purchase value.

1 Guarantee of offtakeit must be demonstrated that there are available buyers for the products and that
the market pricing considered in the project analysis reflects real market conditions. A preliminary
market analysis has been conducted and several potential offtakers, Hotal and international, have
been contacted and expressed interest.

In this phase, partners and investors are being sought to secure the necessary guarantees such as process
performance and intake and offtake actors, to ensure the successful production of green fuels. In particular, given an
already existing agreement fobiomass supply, it is sought an offtake agreement, potentially an offtake partner to

be involved directly in the project. This would establish a secure partner for the entire project value chain, from
biomass to green methanol use, and would help reduceeh mar ket 6 s demand for higher r

What certification and sustainability analysis was conducted for hydrogen and PtX irPilnger Purchase
Agreement PPAPPA?

This Project defined the production of biomethanol, syncrude and subsequent production of sustainable aviation
fuels from biogenic residues (specifically pig manur@)power purschase agreement (PPA) is a letgrm contract
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between an energy producer (generally renewable energy) and a buyer, where the producer agrees to supply
electricity at a fixed price over a set periotll RAS t oget her with Hiniciods(@{consul
describe the applicable regulatory framework that affects the development of a syncrude production value chain in
Braziland its exportation to the European markefidditionally,(ii) the available certification schemes to potentially

be implemented in the syncrude process were identifiedith recommendations oriented to the most suitable options

for the specific process, off a k e r mar ket and the clientds | ocation. A
opportunities for this kind of projects ere also reviewed.

Regulatory Analysis

Regardless of the exported product, the specific emissions savings established by the European RED Il regulation for
advanced biofuels must be met to commercialize the product in the European mandatory market, following the
outlined methodology for GHG engsions calculations. The assessment of applicatisiented regulations revealed

that progressively larger shares of SAF will be mandatory in each Member State of the EU, increasing the demand
for this kind of fuel, which will require to meet the RED Uistainability requirements.

To generate a carbonneutral growth of emissions from the aviation sector, the member States of the EU are
participating in the CORSIA initiative that will provide additional sustainability requirements for the production of SAF
that could have an effectri this Powerto- X project to be implemented in Brazilf an additional renewable hydrogen
stream is introduced to the process to adjust the H2:CO ratio from the biomdssed syngas, as in the project
proposed here, a fraction of the final product couldélabeled as Renewable Fuel of non Biological origina (RFNBO),
provided that the RED Il criteria regarding emissions and electricity generation for these fuels are fulfilled.

Certification assessment

For compliance with the RED lit is advisable to consider certifications with streamlined frameworks to ease
certification implementation while meeting project requirements, reducing costs, and mitigating risksy
recommended schemes include ISCC EU, 2BSvs and REDcert. Itis recommended to keep track of the latest updates
and maintain a comprehensive understanding of regulations in the target market before moving forward to the
selection of a specific certifitimn system for the product.

In case of potential entry into the CORSIA SAF Market, it is emphasized an early certification and thorough compliance
verification.RSB EU for biofuels is recommended as it allows preliminary coverage aligning with CORSIA SAF criteria.

If not aiming to comply with CORSIAeveraging certifications with minimal demands is suggested, continuing with

ISCC for biofuels due to its simplicity and regional adaptability.case a fraction of the product can be labeled as
RFNBO, synergies with the ISCC RFNBO certification scheme can be used in the latter case.

Funding opportunities

No funding opportunities were identified that entirely match the value chain or countries where the project will take

place. Some alternatives to access funds include forging partnerships with companies from furgliogding

countries and partnering withoff-takers for syncrude production downstream in Europe, which could make the

process eligible for European programs. Mee was recommended to seek for such options.

What are the socieenvironmental implications for the H2, PtX and Green Fuels Parana program?

The study on the "Analysis of Socenvi r onment al | mplicationsd assesses t|

sanitation, bioenergy, biofuels, H2V and PtX Program, known as Green Fuels Parana program freheMé&e main
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objective of the analyses is to assess the seelvironmental suitability of the Program and determine the formal
viability of the projects in the light of current environmental legislation and regulations.

The analysis covers the facilities linked to the Green Fuels Parand Program and results in the identification of the
environmental requirements applicable to the proposed projects along the whole production chain, in the light of
current regulations and lgislation at country, federal state and municipal levelthighlights an approach to the
arrangements and strategies to be applied in soegnvironmental licensing processes, with a view to guiding the
actors responsible for the system, in its varioustances, in obtaining environmental licenses and maintaining the
regularity/compliance of the projects over time.

The assessment is based on the information provided by Me Biocombunstiveis GmbH and the actors involved in
these studies, as well as other data and information collected during arsite reconnaissance trip in the municipality

of Toledo and the surrouding area in the state of Parana.The approach taken here is conceptual and aims to
establish a preliminary assessment of the viability of the production systems that are part of the Program in terms of
socio-environmental aspects providing guidance for Me-Le and potential investors on the best structural
arrangements for environmental regularization and monitoring processes over time.

Which infrastructures are being considered in the project for the se@oonomic assessment?

The project as defined here by Mée GmbH is named the Green Fuels Parand Program and it provides for the
production of biogas, green hydrogen from the processing of animal waste from largeale pig, poultry and fish
farms and the production of PtX streamsuch biomethanol, syncrude or SAF and it is to be established in the western
region of the state of Parana.

The program's infrastructure includes the construction of rural sanitation systems using underground waste and
effluent pipes, connected to 50 biogas and biomethane plants and refineries which, in turn, will supply a plant for the
production of biomethano| Syncrude (CnH2n) or sustainable aviation fuels. The final product is enriched with
hydrogen (H2) made from biogas.

The current proposal for the program potentially involvesiogas producers from 18 municipalities the western
region of Paran&. Biogas production units are planned to be geographically located in such a way as to allow the
effluent to be transported by gravity, considering the insertion of structured network modules in the same micro
basin, conneatd to biogas plants established at suitable geographical points for receiving the effluent and also in
terms of accessibility to access roads and electricitidg.

The system has a modular configuration and provides for various production structures, organized in an
organizational chain involving rural producers and industrial, commercial and service structures, as well as providing
for the generation and supply of Ectricity from wind and solar power plants with effrid production (disconnected

from the National Energy System). There is also the possibility of using the biogas and biomethane produced to inject
surplus energy into the National Integrated System.

For the socieenvironmental approach to the Program, in order to facilitate feasibility analyses and the definition of
strategies for licensing with regulatory bodies, a ndormal division into two modules was established) Primary
Production Modulecomprising the animal farm enterprises, rural sanitation structures and biogas and biomethane
production plant enterprises; and?2) Syncrude (CnH2n) / Green Hydrogen (H2) Production Modutemprising the
biogas transportation pipelines and the Syncrude prodiion plant. The details are presented in the report below.

The Syncrude plant will require the supply of energy produced sustainably (wind or solar) and exclusifiedyi¢) or

purchased in PPA, the requirements for certification need to be assessed. It is intended that Syncrude will be
distributed for subsequent distillation and consumption, using road, rail or waterway transportation (including
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international transportation by ship). Therefore, the system will also include energy supply and transportation
structures, considered in this work as peripheral, not included in the analysis of environmental sites in this report.

Therefore, it should be noted that the work presented here does not deal with the structures and processes related
to transportation and logistics after the production of CnH2n and H2, nor does it deal with the externalities of the
system such as the supplof electricity needed to run the industrial unit.

In 1.5below is a schematic or infographic that provides an overview of the production system envisaged for the
Program, taking into account the Modules described above.
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Figure 1-5 Graphical representation of the production modules planned for the Rural Sanitation, Bioenergy, Biofuels
and H2V- Green Fuels Parana Program. Source: NIRAS, 2024.

What are the scopes and approaches for the soeemvironmental assessment?

The following three specifiapproaches have been followed for the environmental assessment.

Territorial scope

The program is designed to be applied in the western region of the state of Parana, with the municipality of Toledo
as its territorial hub, although 18 municipalities are expected to be involv&bnsidering that most of the projects
that make up the Program will be established in state territory, in principle, the rules applicable to licensing and
regularity will be state and municipaHowever, it is understood that projects included in the Program that may have

a potential direct impact on the Parana W®ir basin, or even on basins bordering the territory of Parana with other
states of the federation, may have to comply with federal licensing requirements established by IBATWA
requirement for federal licensing will certainly depend on the size (polluting potential) and geographical position of
the project.

Technical Scope

As far as the technical scope is concerned, the studies are restricted to senidronmental issues directly related to

the licensing, monitoring and regulations of the projects that are part of the Program. In other words, the analyses
developed/demonstated here are limited to the aspects relevant to licensing and regularity, and do not establish
larger or more extensive scope relating to assessments of quality of life, accessibility, economic and structural
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development, analytical projections on environmental improvements derived from the operation of the Program, or
similar.

Structural Scope relative to the model of the company

As for the structural scope, considering the modules presented above, the analyses presented here include the
projects, structures and systems directly related to the biogas, biomethane and syncrude (biomethanol) production
chain.

What are important legal aspects related to the project and its so@avironmental impact?

The set of rules and regulations to be followed for the purposes of licensing and the saw@ironmental regularity

of the project are also part of the assessment. The aim is to clarify the main elements of the legal framework of the
Green Fuels Parana 8gram, considering all the licensing phases, for each of the structures or undertakings included
in the system (see chapters below in the corresponding studies).

It should be noted that the provisions of this report do not exhaust the spectrum of legal norms and rules that can
be applied to the projects, considering that many of the activities envisaged in the Program do not have specific
applicable regulations (fo example, rural sanitation networks or the manufacture of Syncrude (CnH2n)), or
considering that each municipality has rules that are often different and not homogeneous with regard to the socio
environmental approach. These regulatory gaps will certgibe worked on over time, even with the contribution of
the current developers in conjunction with the teams from the Parana Water and Land Institute, with the aim of
establishing guidelines and parameters for licensing.

In summary, since there is a specific report on legal aspects developed within the scope of this work and signed by
an expert lawyer, the main normative and legal elements applicable to the Program are listed also below.

What are the most important messages from the soegnvironmental assessment?

The Green Fuels Parand Program is currently in the planning and feasibility study phase, focusing on evaluating its
environmental suitability and viability. The program involves multiple projects across 18 municipalities and requires
detailed environmentalicensing based on specific production alternatives and locations. The environmental analyses
are preliminary and depend on further detailed information. Regardless of the production method chosen, the
program will need comprehensive environmental licengi and may face significant financial impacts due to
environmental compensation requirements.

What are the insights on the environmental viability of the program?

Socic-environmental SuitabilityThe region where the program is locatefhces significant environmental challenges
due to intensive livestock farming. The program offers a substantial opportunity for environmental improvement by
optimizing waste management and establishing rural sanitation infrastructure. This could lead ttebsoil, water,
and air quality, benefiting the entire region and potentially serving as a model for other areas.

Formal Technical Viability and Licensinghe program is considered technically viable from an environmental
licensing perspective. However, it faces challenges such as the need for specific regulations for rural sanitation, the
complexity and duration of the licensing process, and the importanof project location. Despite these challenges,

the program is expected to be licensable, with positive so@avironmental impacts outweighing the negatives.
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All three routes display GHG Emissions reductions with different configuraitons of electricity supply and addressing
the environmental problems. However, it is important to remark that this is a first assessment at an early stage of the
project and therefae the analysis needs to be complemented in the future.

The Green Fuels Parana Program lacks detailed baselines, technological boundaries, and methodological references
for a more detailed GHG emissions analysis, which compromises the robustness and reliability of the results. This is
due to the early phase ofhe project and it is an opportunity to improve in the subsequent studies.

While the program presents opportunities for innovative waste management and potential samiwironmental
benefits, it also faces significant challenges in accurately determining net emissions due to insufficient data and
methodological inconsistencies.hErefore, the importance of deepening the analysis when the project advances.

To validate and improve the accuracy of the program's emissions results, comprehensive field studies and adherence
to established international methodologies (UNFCCC/IPCC) are essential. This includes considering all emissions, both
specific and fugitiveand exploring lowcarbon energy options.

What business models and financial structures were modelled for the program?

Within this Project the financial modelling and study directed efforts towards understanding aystematically and
comprehensively gathering all relevant data regarding capital costs (Capex), operational and maintenance costs
(Opex), and revenue estimates from the 45 biogas production plants and Biorefineries dedicated to the production
of biofuels fom biogas and green hydrogen, namely Syncrude/SAF and Biomethanol.

In this context, the main objective was to develop a financial model with specialized spreadsheets aimed at supporting
detailed analysis of cash flows associated with the development of this program in Parana and provide decision
makers and possible futurinvestors with the necessary tools to understand which assumptions were done and the
effect on the financial performance of these investments. These tools allow for a clear and precise visualization of
important financial elements necessary for strategiecisiorrmaking, thereby contributing to the effectiveness and
success of the project at hand. The following scenarios were considered in the financial modelling study for Parana:
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ScenarioC.1 |  Scenario C.2 Scenario C.3 Scenario .4
Methanol NIRAS data MELEdata | Uncertainty50% | ' ::::’emed Obs.
CAPEXTotal (Millions €) £1.824 €1.578 €1.340 £1.496 gt;]fﬁd—gﬁn(:;dngﬁs engineering
Total OPEX (Millions €) €312 €312 €312 €225,gf 1otal OFEX{plant operations, tities
maintenance, depreciation andinterests)
Production (Tor/h) 40) 40 40 A5
Numbers of Hours 8.117] 8117 817 7.884
Production (Ton/ year) 324,680, 324680 324.680 354.780
700-1600
Euro/ Ton €1.500,00) €1.500,00 €1.500,00 €1.4584,00) Price band 700-2500)
Annual Revenue (A) (Millions €) €487,02 €487,02 €487, €526,49
Biogas Hant WIME 530 /15 ancs| MVIE 530/ 15anos| MMES30/ 15anos
Annual installmert (B) (Millions €) €35,33 €35,33 €353
(A)+(B) Scenario1-3
Year 2toYear 16 (Millions €) £€522.4 €524 €5224
“ear 17 toYear 20 (Millions €) €487.0 €487.0 €4870
Shall be consideredin revenue before
Biogas sale for second year (Millions €) €137, 78|the Methand plant is operational
and biogas utilized for Methanol
Biogas Surplus Sale (Millions €) €131 production
Fertilizer Sale {Millions €) Only for Scenariod| Only for Scenario 4| Only for Scenariod €44 1
Carbon Credits (Millions €) €14.4
Bectricity Surplus Sale (Millions €) €1.99
“Year 2 {Millions €) £196,30
“Year 3 to 20 (Millions €) €600,11
Capital sources
Equity (E) £547.2 €4735 €4020 €448.9| 30%for all scenarios
Third Party Capital (D) €1.276,8 €1.104,9 €0380 €1.047 41 70%for all scenarios
Incometay (zero % due to applied M%for all scenarios
Infiation 1.5%for scenariod - 2%for scenario 1-3
Cost ofintemally sourced capital (Ke) 28%for scenariod - 10%for scenario 1-3
Cost of capital from extemal sources (Kd) 12%for scenario4 - 6%for scenario 1-3
(50% development bonk + 50% privote bank)
WACC 4.8%] 48% 4,8%)| 11,1%]
This is without
proft tax
Met Present Value (NPV) €31 €529 €71 €371 (Millions€)
Intemal Rate of Retum (IFR) 6.75%)| 8.21% 10,00% 14,65%)| (%)
Payback (years) 15,0 13.3 1.5 12,3 (years)

A business model has been produced to assess the business case hypothesis and financial structure. The capital and
operative costs estimation follows the indications of a FEL 1 analysis, therefore class 4 cost estimates (10}, +50%,
30%. To estimate CAPEahd OPEX different methodologies were implemented, depending on the level of details

of available information and topics knowledge.

Which are the final conclusions from the financial modelling assessment?

Based on the results of the analyses conducted for this economic and financial feasibility study of the projects in
guestion, the consultants can affirm that the Biogas Central Project of 45 units demonstrates viability and is highly
attractive in terms offinancial return and environmental benefits.

The choice of the Biomethanol production chain is technically less complex than that of Syncrude/SAF, resulting in
reduced associated economic risks and providing greater flexibility. The results of the studies demonstrate an
attractive feasibility for tis approach for both scenarios 3 and 4 of the financial modelling sensitivities.

The technological complexity and high capital investment associated with the levelized price of this biofuel make

investment in the Syncrude/SAF plant significantly less attractive and with high financial risk. Therefore, its economic
viability is considexd unfeasible. The economic and financial feasibility analysis presents uncertainties due to the

32439



Executive Summary

need for improvement in detailing the technologies employed. Therefore, further refinement is recommended as the
studies progress.

It is essential to emphasize that the results presented reflect conservative scenarios, considering the applicable rates
and taxes for a project of this nature. However, it is important to note that bioenergy projects, especially involving
biogas, biomethae, green hydrogen, and biofuels in general, are supported by exemptions and incentives that can
make the project even more attractive.

The consultants express a highly favorable opinion on the realization of this investor partnership in the projects,
highlighting that the project benefits from intrinsic support from public, private, and academic institutions, making it

of great importancefor regional, state, and national development towards sustainability. Furthermore, this initiative

strengthens ties between Brazil and Germany, providing mutual benefits in terms of environmental, economic, and
social aspects for both countries, includimgpsitive impacts on local and global decarbonization.

Which considerations and recommendation where found for animal welfare practices for this project?

The Program commissioned an animal welfare study in three rural properties and one slaughterhouse in the
municipality of Toledo, Parana, with the aim of recognizing the current animal welfare practices adopted by producers
of broiler chickens, dairy cattlearming, breeding swine farming, and finishing swine farming. From an initial contact,
it became apparent that most producers are involved in family farming, with decades of experience in poultry, dairy
cattle, or pig farming. Many of them collaborate witintegrators and/or cooperatives and have shown openness to
discussing animal welfare principles.

To better understand the diverse audience of the project, questionnaires were developed for each livestock activity.
The responses revealed that a significant portion of the properties meets the minimum animal welfare conditions
required by Brazilian leglation. However, in comparison to German and European regulations, some changes in the
perspective of the breeders are still needed, along with investments in advanced technologies for farm structures.

The data collected also provided insights for developing a training session on animal welfare, which was held in late
2023 withthe participation of 29 rural producers. During the event, the current concept of holistic ¥aling was
presented, encompassing not only animal welfare but also considering human-lelhg and the balance of the
environment where all entities coexisth& objective of the training was to encourage producers to reflect on the
interconnectedness of these spheres and make wiser choices during animal management and in the environment in
which they operate, ensuring that the economic activity of food produmtiis sustainable and enduring.

The following recommendations stemmed from the animal welfare study:

1 Formation of an Expert Group Establish a group of Brazilian and German/European experts to assess,
support, and guide the H2Brasil Project team on animal welfare issues and challenges in the future.

1 Farmer Training Provide training for farmers on animal welfare issues, covering both legislation and practical
aspects.

1 Environment/Animal Welfare LaboratorySet up an environment/animal welfare laboratory at the region
campus of UFPR (Federal University of Paranda), possibly near the H2 laboratory. This laboratory would store,
maintain, repair (if necessary), and disinfect analytical instruments used im@miental, occupational, and
animal welfare assessments.

1 Certification Schemeé Develop and implement an animal welfare certification scheme. For compliance with
German standards, for example, the QS System could be a useful scheme.

1 Periodic Reportg Prepare and deliver periodic reports as per the agreed contract. The animal welfare team
should collaborate and support stakeholders, the industry, other experts, and governmental bodies.
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1 Reputational considerationsAnimal welfare holds great relevance for the economic success of the project,
given the paramount significance of animal welfare and animal health in the public discourse on imported
products in many European markets.

What are the current Stakeholders within the PPA?

In this chapter, an introduction to the main partners and participants envolved in the project will be conducted. It is
important to highlight that specific partners for the renewable energy and PtX plant have yet to be identified. These
partners may congt of a single entity or a combination of multiple parties.

Mele Biogas

Mele Biogas GmbH, a constituent of the mele® Group headquartered in Torgelow, MecklenbWfgstern
Pomerania, is dull-service biogas provider. Operating both domestically and internationally, it specializes in tailoring
bespoke solutions for biomass utilization to produce sustainable energy. Mele Biogas GmbH manages all aspects of
biogas project execution, includingdevelopment, planning, construction, and operational oversight, ensuring
successful implementation.

Gz

The German Society for International Cooperation (GIZ) is a service provider specializing in international cooperation
for sustainable development and international education work. With over 50 years of experience, GIZ operates across
diverse areas, encomgssing economic development, employment promotion, energy, environment, and peace and
security. Renowned for their expertise, GIZ is globally sought after by various entities, including the German
Government, European Union institutions, the United Natioqsivate sector entities, and foreign governments. In
2021, GIZ recorded a business volume of approximately EUR 3.7 billion., with nearly 70% of their 24,977 employees
being national staff working in around 120 countries.

NIRAS

NIRAS and NIRAS International Consulting is an advisory, development and engineering consulting company with
over 3000 employees worldwide, present globally in over 65 offices across all continents. NIRAS clients portfolio
includes Development Donors suchs KFW, GlZ, DANIDA, SIDA, The European Comission, the World Bank, and
numerous private companies. NIRAS conducts over 400 projects per year with a turnover of 508,8 millions of Euros
in 2023. NIRAS field of expertise include international development ceigtion, biogas, green fuels and green
energy transitions (greensition programme), renewable energy, GIS and special analysis, automation, energy
efficiency in particular for the food and beverage industries worldwide.

34 439



Techno-Economic Assessment

2 TechneEconomicand FeasibilitAssessment for the production afreen fuel productionin the
Westem Parana Region in Bl based on green Hydrogenrenewable energy and biogenic
carbon from animal and agricultural waste streams.

CONSULTANTS:
Dr. HeltonJoséAlves

Dr. Marcos Lucio Corazza
Dr. Mauricio Romani

Dr. Alessandro Checchi

The technical analysis presented in this document focuses on the feasibility assessment of green fuel production in
the Western Parana region based on green hydrogen, produced from renewable energy (RE) sources, and biogenic
carbon from animal and agriculiral wastes. The analysis involves:

i Process design: comparison between syncrude/SAF and methanol routes, process layout definition and
simulation, economical evaluation;

i Key technologies assessment: water electrolyzers and biogas reforming reactors;

i Plant site location: water utilization potential, wind and solar energy exploration and electrical grid connection
1 Economical aspects: simplified business cases analysis.

2.1 Fundamental hypothesis

The fundamental hypothesis is that methane from biogas and CO2 from biogas are handled with separate
technologies to maximize the syngas production, in particular syngas with higher carbon content, and efficiently
handle the high CO2 content in the bioga$eed. Less mature direct reforming reactors of biogas have not been
considered in this study as well as other reforming technologies, ATR, POX and similar, as they are typically associated
with natural gas only reforming. Another hypothesis is the maxiniaa of CO2 usage, given its large content in the
biogas feed stream (35%40% in molar fraction). The process design phase aimed to compare the feasibility of
producing two different green fuels, syncrude/SAF and methanol. This phase has been aided byepsomodelling
software, implementing welestablished kinetic models and fully detailed equipment modelling, to achieve higher
prediction accuracy. Economic evaluation based on CAPEX and OPEX has been carried out producing a simplified
business case compé&on using Bare Module Cost methodology (£50% accuracy) considering only the most critical
and expensive components. Facilities could be powered by letegm RE PPAs in an indirect grid connection scheme
with lower CAPEX compared to deploying new RE plai®wever, in scenarios where greed?2 is incorporated into

the product, the green fuel might be partially classified as RFNBO. Even in this high renewability grid area (>90% RE),
if meeting this certification is desired, it's recommended to finance newgdRihts based on local and/or remote self
production grid-tied scheme assisted by smart metering. Out of this technical and economical evaluation are left
logistic organization involving transport of biomass to the plant site and transport of the greenlfpeoduct to a
potential offtaker location. LCA is also out of scope for this project.

2.2 Highlights of the main findings

1 Regarding the process design phase, it is found that a peeforming technique could offer an efficient
route to produce syngaswith correct composition for green fuel downstream production. G&om biogas
is partially separated and rénjected in a later shift reactor, where reverse water gas shift reaction happens.
This process scheme is provided by a potential partner.
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1 Regarding electrolysis, PEM is promising due to its ndependency on alkaline chemical solutions and
better flexibility when paired with RE plants when compared to alkaline technology. However, performance
and specific costs of both technologies are siail(PEM slightly higher). A performance contract would be
the best solution to ensure that the capacity factor of the electrolysis plant will be achieved and sustained.

1 Grid-connected schemes enhance ftlibad electrolysis plant operativeness, which demands 33MW (green
H2 395kg/h) in the syncrude/SAF less energytensive scenario, up to 205MW (greeH2 3,4tons/h) for
methanol. Considering the plant location conditions) this syncrude/SAF scenario approx. 35MW of solar
PV and 36MW of wind power would be sufficient to power the whole facility. For methanol, a mix of 200MW
solar, 200MW wind and an extra 80MWPA with smalhydro/biogas plants would be needed.

1 Regarding water demand and availability, despite both scenarios being wateensive (74ms3/h for
syncrude/SAF and 237 m3/h for methanol), the proposed location for the plant has very low wategss
risk, presenting easy access to abundant and highality surface and underground water sources which
implies lower CAPEX/OPEX for water treatmemmpared to effluent usage. To improve sustainability, the
high rainfall pattern (approx. 100 m3/h) can be exploited alongside recirculation methods.

Regarding the comparison between methanol or syncrude/SAF production, it is found that with an optimized
process design both green fuel production routes are economically feasible. It appears also that the CAPEX
investment necessary for a SAF plant is héglwith respect to a methanol plant and that the latter process route
might offer a higher degree of flexibility for future investments and changes. In conclusion, it is advised to select a
single process scenario for thorough evaluation.

2.2.1 Part 1: Introduction and Scope

In the introduction, a general and brief overview of the process concept was given, in which the process scope was
highlighted, and some general assumptions were described.

2.2.2 Part 2: Chemical Process Analysis

In part 2, an overall overview of the complete processes for converting biogas into syncradé methanol was
presented, integrating the unit operations detailed in Chapter 7. Three process scenarios for the syncrude production
and one final scenario for the methanol production are examined.

For the syncrudeproduction, process complexity increases from base case scenario to scenario B, along with the
utilization and recycling of byproducts, which results in a progressive enhancement of syncrude production (from
approximately 7.5 to 22 tons/h). From the CQ&ilization perspective, in the base case process and in scenario A, a
significant quantity of unreacted CO2, which is removed from the syngas, is purged from the system. In contrast, in
scenario B, only a negligible amount of CO2 is discharged from thegess due to the presence of RWGS unit, which

is responsible for increasing its conversion.

2.2.3 Part3: Green Hydrogen Production

In this part, the aim was to suggest basic equipment specifications and preliminary sizing for green hydrogen
production regarding electrolysis plants, water supply and treatment, and renewable energy (RE) for power supply.

When it comes to electrolyzers, Proton Exchange Membrane (PEM) and Alkaline (AEL) technologies present similar
performance. PEM offers some technical advantages over Alkaline, mainly regarding the response to RE power
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oscillations, also offering a wide operation range with low minimum load (keeping the electrolysis running even if RE

is just ~5%), low startp time (<1min), highpurity H2 outlet (99,999%), low plafievel footprint (modular stacks), as

well as fast demyment. In the same way, Alkaline can meet all the basic requirements for the plant too, presenting
slightly lower CAPEX, but higher land footprint and KOH dependency. Market indexes suggest that both technologies'
CAPEX will drop, with PEM trending fromsapeci fi ¢ cost (including BoP) of ~
estimated in 2030. AEL trending is slightly under these values. As maintenance costs are also similar, technological
characteristics combined with economic analysis must be considered wheakimg a final decision. Even more
important, a performance contract would be the best solution to ensure that the capacity factor of the electrolysis

plant will be achieved and sustained.

An ~24MWe electrolysis plant was considered to meet ~395kgHR needed for the lower energyintensive syncrude
production scenario, while up to 205MWe is demanded to produce ~3,4tonsH® for methanol. Considering ~70%
recovery rate from raw water treatmerprocesses (superficial water quality), an estimated withdrawal of 74 tons/h of
raw water are needed for the whole syncrude/SAF facilities, while up to 237 tons/h are demanded for methanol
production (including electrolysis for both cases). Farming, agrhistry, and even urban wastewater could also help
reach the plant's water demand. However, this would require additional costs due to advanced treatment and
infrastructure needs. It is worth considering the utilization of these effluents as supplemestauyces of biogas. The
Arroio Guagu subbasin presents great remaining availability and proximity to the plant, which location is within a
very low waterstress region of Brazil. As a result, despite competing for water with other activities, a grantiféace

or underground water exploration is the most feasible solution for the project. To improve sustainability, the high
rainfall pattern (approx. 10fh3/h) can be exploited alongside recirculation methods.

Facilities could be powered by longerm RE PPAs in an indirect grid connection scheme with lower CAPEX compared
to deploying new RE plants. However, in scenarios where gré¢his incorporated into the product, the green fuel
might be partially classifieds RFNBO. Even in the high renewability grid area where the plant will be located (>90%
RE), if meeting this certification is desired, it's recommended to finance new RE plants based on local and/or remote
selfproduction grid-tied schemes assisted by smtanetering. Power Purchase Agreements (PPAs) are recommended
due to the importance of renewability, additionality, and geographical correlation within EU certificate directives, to
reduce electricity OPEX costs. New solar and wind power plants shouldbated either near the industrial complex
area (direct connection scheme) or in remote regions (indirect connection scheme) within the Southern Electrical Grid
subsystem. Considering the plant location conditions, in this syncrude/SAF scenario approx. 36Mlar PV and
36MW of wind power would be sufficient to power the whole facility. For methanol, a mix of 200MW solar, 200MW
wind and an extra 80OMWPPA with smalhydro/biogas plants would be needed.

2.2.4 Part 4: Economic Analysis

This part provides an overview of the business cases for the various process layouts discussed in Chapter 2. The
baseline for the study, was excluded due to its poor performance compared to the other scenarios. A new process
for methanol production from sygas is proposed and achieves a high methanol yield by efficiently utilizing all
available CQ, but it requires a relatively high hydrogen input. Also, a simple business case analysis is conducted,
comparing the different processes economically. CAPEXs8meated using quotations from comparable processes,

and OPEX is calculated based on electrical utilities consumption. Market research is used to identify average price
points for e SAF and emethanol. Methanol production via the syngas route is the prefed process scenario.
Scenario A is potentially feasible but requires optimization, while scenario B is not feasible under the asswBa#& e
price.

Two sensitivity analyses are presented to provide a more comprehensive understanding of the business cases. The
first one examines the impact of final product price on IRR. The methanol process is found to have the highest IRR at
the lowest product priceput it is also the most sensitive to product price fluctuations. Process B only demonstrates

feasibility at SAF prices above $1500/ton and is more sensitive to product price variations than Process A. The second
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sensitivity analysis focuses on the impact of electricity price. Process A (SAF) exhibits the lowest sensitivity tayelectrici
price fluctuations, while the methanol process is the most susceptible. Process B is only economically feasible under
the combined conditions of relatively low electricity prices and relatively high SAF product prices.

Overall, the methanol process layout is an intriguing option from an economic standpoint, but its sensitivity to both
electricity and product selling point prices cannot be overlooked. Process A syncrude/SAF emerges as a more robust
business case for SARipes ranging from $1400 to $2400 per ton due to its lower reliance on green hydrogen. It is
recommended to investigate scenarios involving reduced g@tilization and subsequent conversion into fuels to
minimize the demand for green hydrogen.

2.2.5 Part5: Conclusions and Highlights

In this part, the main project highlights were outlined. It should be noted that the electrolyzer costs play a major role
in process economics. Despite the technical feasibility of all the evaluated processes, and the economic feasibility of
one of the proposed syncrude processes, the methanol process has its advantages in terms of process economics,
market demand, as well as a lower complexity and higher flexibility. In spite of this process being economically more
attractive, its feasibility is suscepttio a number of fluctuations in technical factors, market conditions and regulatory
requirements, increasing associated risks. Optimizations and more detailed evaluations were suggested for the more
promising processchemes.

2.2.6 Part 5: Technologies review

In part 6, a concise description of the primary unit operations involved in the biodassyncrude, and biogado-
methanol conversions processes is presented. The depiction and contemplation of unit operation simulations were
delineated, serving as a fourational framework for the subsequent chapter, which will expound upon the
interrelationships among these processes. The unit operations under consideration include water scrubbing, steam
methane reforming, adiabatic postonverter, syngas upgrading, Metharh synthesis and purification, Fischer
Tropsch synthesis and syncrude purification, and meformer. All these sections are technically detailed considering
specifications such as temperature, pressure, reactions involved and specific parameters ofliradiunit operations.

This overview aims to enhance the reader's comprehension of the technical specifications of the unit operations that
are integrated into the process proposals described in Chapter 2.
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2.3 Introduction and Scope

2.3.1 Objective

This document describes the studies and analysis carried out within sbepe of a feasibility investigation for the
H2Uppp project. The overall aim of the present feasibility study is to define routes to produce synthetic fuels starting
from biogas, derived from animal manure, which can be achieved with highly mature procesgs and are
economically viable.

2.3.2 General hypothesis

To perform the evaluation described in the last paragraph some assumptions were made, among which are: the
process raw material is biogas, with 58% CH4 and 42% CO2, with a feed flow rate of 5@nkMN It was also
considered that CH4 and CO2 were utilized separately, as separated components from biogas. When aiming at
maximization of biogas CO2 usage, (green) hydrogen is necessary for chemical conversions, more specifically to
achieve the correctreat ant 6 s rati o in the synthcensidesrd te beeoptainedibyi s gr
electrolysis with renewable energy. Furthermore, only mature technologies such as steam methane reforming and
methanol production from syngas were considered for the process. Regarding the product, two process routes were
evaluated and compared, namely the production of syncrude (by the Fiscfl@opsch synthesis) and methanaiin

biogas, as shown in Figure.2.

Methanol
Gty
Syncrude
CHs4, CO2 Reforming
Unit

Figure2-1lllustrative scheme of the evaluated processes

2.4 Chemical process analysis

This chapter will provide an overview of the analyzed processes configurations for converting biogas into syncrude
and methanol.The proposed mairsystems are presented as follows.

2.4.1 Base cas® Biogas to Sycrude (no recycles)

The first process configuration proposed was defined as the base case for the conversion of biogas into syncrude,
without considering any recycling for comparison purposes.
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This process begins with the biogas upgrading section (water scrubber), that separates the CO2 and CH4 streams.
The CH4 stream is mixed with water (in a final proportion of ~1.92 steam/CH4) and sent to the SMR. The resulting
syngas stream is blended witthe CO2 from the biogas upgrading step, after adjusting the CO2 to the desired
pressure and temperature conditions. This mixed stream is then converted in the RWGS reactor (adiabatic post
converter), achieving a CO2 conversion of 44 %. The obtained syngasses through a series of heat exchangers for
cooling and further dehydration, with the water removal at the bottom of a flash tank. The resulting syngas stream
still retains a considerable amount of CO2, that must be removed before the FT stage. Fomptimigose, a MEA
absorber system is employed, and subsequently, the syngas temperature is adjusted before it is sent to the Fischer
Tropsch reactor. The hydrocarbons produced in the FT reactor are gradually cooled and separated in flash tanks. As
previouslymentioned, since no recycling is considered in this simulation, after the final separation of the syncrude
fraction, a stream with a mass flow rate of 18,367 kg/h is obtained, containing both unreacted syngas and light
hydrocarbons. This reference process presented in a block flow diagram with main information of mass balance
presentation.

> 50 k Nm3/h (58% CH,; 42% CO,)

...... Tail gas (fuel) Syncrude
_ 18367 kg/h | 7548 kg/h
H,0 W (24 Mi/kg)
31527 kg/h ezmw o ]
I I o I &
V re—— i~ i 1
 Biomethane (fuel) B rseakah b e
s235kg/h(SOMI/ke) ¢ | T e
72.7 MW :
CH, i
20136kg}h Q=+69.5MW g=oMmw a=-32MW |
. CH4/co2 i e SMR ! k : 1
Biogas _':_ S '_h 4[ Reactor Lol | "“"‘“3 ; L f'f"'_"f_, \‘ Reactor o ;
61990 kg/h X CH4: 14901 kg/h T=950°C T=920°C FT syngas T=220°C
N " P =25 bar P = 25 bar 38515ke/h  p_ o5 par
g
Biogas cleaning 2o  CO,unreacted H2/CO =1.88 Dirty Water
Off-stream () 25478 kg/h  21131ke/n €O conv. = 65%

~26 ton catalyst 12600 kg/h

Figure2-2 Block flow diagram for the base case process evaluatebiogas conversion to syncrude.

2.4.2 Technological option A Process A Biogas to Syncrude (+ recycles)

Considering that in the base case a significant quantity of unreacted syngas was obtained, a second analysis
configuration was proposed with tail gas recycling. This adjustment promotes the syncrude final production and
prevents the loss of the compounds ithin this stream. To ensure an effective recycle of tail gas, which comprises
amounts of light hydrocarbons other than methane, an additional unit operation, namely the -pedormer, is
required.

The main structure of the process remains the same as the one outlined in base case scenario. Until the product
separation step, after the FTS, the unit operations align with those previously detailed. However, in this case, after
separating the stream cotaining the unreacted syngas and light hydrocarbons from syncrude, it is necessary to
include a pre heating step and a prereformer to convert these light hydrocarbons, excluding methane, into syngas.
One more notable difference between the two processesgstribed is that in process A, steam is introduced directly

into the pre-reformer instead of the SMR. Following the pmeformer, a portion of the stream containing the
unreacted CH4, combined with the produced syngas, is blended with the fresh methanenftbe water scrubber

before entering the SMR reactor. In this configuration, the resulting S/C ratio at the SMR inlet stands at 1.1, with a
CH4 conversion of 70.6 %. The CO2 conversion in the RWGS reactor is approximately 46 %. In process A, a significant
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effectively eliminated this compound, but necessitated the purging of £&,Causing a negative impact on the process
sustainability and productivity. In response to this issue, process B was proposed to address the unconverdyy CO
incorporating an additional RWGS reactor.

In this scenario, the C@stream exiting the MEA system is pteeated and directed to a RWGS reactor, where it is
converted to syngas. This intermediate product is combined with the one generated by the SMR, and the resulting
process stream is then sent to the FT reactor. This figaration will increase the syncrude production and reduce

the CO, emissions, but due to the significantly larger syngas stream, more catalyst will be required in the FTS stage,
affecting the process total cost. In practice, allet CO; could be recycled in the process simulations. In this case, the
steam to methane ratio in the SMR was 1.12, with & €bhversion of 71.3 %. Also, the G@onversion was 42.5 %

and 76 % in the ReShift system and in the RWGS reactor, respectively.
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Figure2-4 Block flow diagram for the base case with tail gas partial recyclifgjogas conversion to syncrude

2.4.4 Technological option G Process G Biogas to Methanol

An alternative pathway for biogas utilization involves its conversion to methanol via a #s&g process: steam
methane reforming, watergas shift, and methanol synthesis. This method features a high 91% recycle of unreacted
components, similar to the gycrude production process. Appendix K8 presents the process flow diagram
implemented in this work for considering the technical feasibility and the preliminary economic assessment.

This process begins with the biogas upgrading section (water scrubber), that separates the CO2 and CH4 streams.
The CH4 stream is mixed with water and sent to the SMR. The resulting syngas stream is blended with the CO2 from
the biogas upgrading step, afteadjusting the CO2 to the desired pressure and temperature conditions. This mixed
stream is then converted in the RWGS reactor (adiabatic postiverter), achieving a CO2 conversion of 55 %. The
obtained syngas passes through a series of heat exchangerscooling and further dehydration, with the water
removal at the bottom of a flash tank. Subsequently, the syngas temperature is adjusted before it is sent to the
methanol reactor.

The product stream obtained in this step contains a mixture of unreacted syngas, CO2, CH4, water and methanol.
Postreactor, a heat exchanger takes on the role of cooling the system and condensing water and methanol.
Subsequently, the chilled mixture isrdicted into a distillation column. Remarkably, the distillation process removes
98.5% of the water in the bottom stream. However, the inclusion of a partial condenser results in the generation of
two distinct product streams. The vapor stream, laden withraacted syngas, CO2, CH4, and trace amounts of
methanol, is reintroduced into the system to enhance the conversion of methanol synthesis. This stream undergoes
compression to 70 bars, achieving an impressive 91% recycle rate. Meanwhile, the liquid stceampyising water,
methanol, and dissolved CO2, undergoes additional processing. A strategically valve expands the mixture, facilitating
the removal of CO2. Ultimately, a flash tank separates the remaining water and CO2 from the purified methanol,
yieldinga main product with a purity of 98.5%.
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Figure2-5 Block flow diagram for the methanol case
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2.5 Infrastructure and Supply Analysis

In this part, the production of green hydrogen in the context of the H2UPPP program is discussed in terms of the
electrolysis plant andtechnology, water supply, power demand and renewable sources. In this regard, the
approximate synthetic fuel plant location was considered close fwetregion demarcated by Figure 2.GLat
24°37'15.65"S: Lon 53°56'46.69"W).

Figure2-6 Approximate spot considered for synthetic fuel plant. Source: OE$HE(2023).

Table 21 presents the main power and water resulting requirements for two scenavibéch presented the best
results in terms of IRR. Assumptions that lead to the resulting values are described in the next topics.

Table2-1Basic requirements considered for green hydrogen in each scenario

Requirements Syncrude/SAF Methanol

Fuel Productivity 154 31,5 tons/h
Green Hydrogen demand 395 3400 kg/h
Power (electrolysis) PE 24 205 MW
Power (compressiond PC 9 45 MW
Deionized water for electrolysis (DW) 4 34 m3/h
Water for electrolysis cooling (CW) 6 51 m3/h
Treated water for electrolysis (DW+CW) 10 85 m3/h
Treated water for fuel synthesis (FW) 43,3 84 m3/h
Total treated water (TW=DW+CW+FW) 53,3 169 m3/h
Total Raw water withdrawal (river: TW+40%) 74 237 m3/h
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To ensure a robust K supply, it is recommended to design an intermediate hydrogen storage system (buffer) for
both plants, as well as a compression system to ensure compatibility between the green hydrogen plant gas outlet
and the synthetic fuel pl antds gas inlet pressure.

To achieve better efficiency, electrolyzers should operate close to their nominal capacity most of the time. Therefore,
in this study, we suggest a power supply regime that meets this requirement, with a tagpacity factor plant. This
steady state operatng condition also implies that the hydrogen productivity remains at a certain minimum required
value. Thus, for example tho meet methanol hydrogen demand of 3,4 tons/h, we advise sizing the electrolysis plant
coupled to a storage system that can supply qpoximately 82 tons of hydrogenenough to sustain a 24hour
stoppage.

A typical green hydrogen production plant consists of the following main components:
a) An electrolysis plant that uses electrical energy and water to produce hydrogen.

b) A water collection and treatment plant that provides water for the electrolysis process, as well as for other processes
like cooling and steam generation of the green fuel plant.

c) A power supply system that meets the specifications and certifications required for the products of the industrial
complex. This system includes power grids, and substations, and may or may not be connected to the bulk system.
To achieve a zerecarbon footprint, the energy supply must also include new renewable energy generation plants
that can provide the required electrical power for the electrolyzers.

The following subsections present each of the plants mentioned in this scope, focusing all analysis and
recommendations on the specific context of the H2UPPP project.

2.5.1 Electrolysis Plant Basic Concept

2.5.1.1 Electrolyzer Technology comparison

At higher fultload hours, the electricity cost and overall system efficiencies become the main cost drivers rather than
the investment costs (FRAUNHOFER, 2022). Figure 3.2 presents an overall Electrolysis plant CAPEX comparison for
both, PEM (proton exchage membrane) and AEL (alkaline) electrolyzers technologies. These technologies were
chosen due to commercial availability on large scale.

Highlights for AEL technology are:

1 AEL deals with KOH dependency (price, logistics);

1 Conventional AEL output pressure may demand almost 3% of Electrolyzer power, but AEL
pressurized technology are also available;

1 AEL H-output lower purity may lead to PSA higher investment if highurity hydrogen is needed

(H2Uppp might not demand high purity levels);

Mai ntenancei; 20 O5 @/ kW

Stack lifetime: AEL = 60,00080,000 hours

Deployment readiness according to supplier

Short startup time (under standby)

Modular arrays

Larger land footprint compared to PEM

= =4 =4 -4 -8 A4
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Highlights for PEM technology are:

No KOH dependency (pricdpgistics);

High output pressure demands less power;

High H2 purity outlet

Maintenancea 15 O 5 0/ kW
Stack lifetime: 40,000/0,000 hours.

In general, fast plant deployment

Short startup time under standby (less than 1 minute)
Modular arrays

= =4 =4 —a —a _—a _—a -2
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—
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0
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m Electrolysis Stacks = Power electronics High Voltage Transformer
m BoP Cathode + H2 Purification m BoP Anode m System Cooling
H20 Purification = Compression Piping
Instrumentation = Housing w Engineering

Figure2-7 PEM vs. AEL specific costs comparison. Source: Fraunhofer (2022)

PEM technology is known as more suitable to support power supply surges and peaks (ranging from 0 to 100% in
10% per second), with a shorter stamp time (less than 1 minute) and operating with a minimum load of
approximately 5% if necessary. Moreover gth-output purity can achieve an index of 4.5 or even 5.0 with an output
pressure of 30 bar. All these characteristics contribute to an efficiency of up to 75% in the plant's operation.

PEM electrolyzers offer some technical advantages, which are expected to be enhanced by continuous technological
development and investment. Over the next decade, the next generation of PEM stacks is expected to improve plant
performance significantly. Soe PEMelectrolyzers are constructed using modular arrays, manufacturers can
anticipate the need for future replacements without unnecessary peripheral component substitution based on their
customers' requirements.

Based on a broader outlook and theost forecast shown in Figure 2(2020 PEM and AEL specific costs both near

t o ~704), aPEMbaged Electrolysis plant with higlifetime stacks guarantee might be a solution slightly better
for projects that require flexibility, additional renewable power, and more importantly, the potential opportunity cost
of emerging markets for hydrogen derivatives due to fast deployment time. Within this advisory, the Figure 3.3
flowchart presents the hsic concept for a standard PEMased Electrolysis plant.
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Figure2-8 Electrolysis plant basic concept flowchart

However, an important question must be refined before any decisiamking: Will the PEMlectrolysis prices really

drop? This is a difficult question to answer, considering that this technology demand rare minerals (like Iridium) for
high performance results. So, its price is vetrolysisrel at ¢
suppliers are aware of weak points of this technology, for instance developing and improving pressurized equipment

to meet higher output pressure requirements. Technological characteristics combined with economic analysis must

be considered when raking a final decision. Even more important, a performance contract would be the best solution

to ensure that the capacity factor of the electrolysis plant will be achieved and sustained.

25.1.2 PEMbased Electrolysis Plant Preliminary Sizing

To achieve a production capacity of 3,4 tons of hydrogen per hour, multiple PEM electrolyzer stations need to be
coupled together. Typically, commercially available PEM electrolyzers come in sizes of up to 5 to 20MVéducing
around 18kg of hydrogen per 1M¥¢ installed. Therefore, to meet the hydrogen flow requirement for methanol,
~190MWhc would be necessary, and ~22MW¢ for syncrude/SAF (capacity factor ~90%). Although we assume a
robust power and water supply, the PEI8tack needs stoppage time for matenance. However, it is possible to size

a plant so that the stack arrangements are switched off alternately, keeping the plant's hydrogen supply tied only to
the robustness of the power supply (assuming a secure water supply). In this suggestion, taisusydrogen
production at any period for methanol,ithe electrolysis plant power would be 205 MW, and 24MW,c for
syncrude/SAF

Figure 3.4 demonstrates this coupling of arrangements. In this scheme, the definitions follow: 1) Water purification
plant including feed pump and reservoir; 2) Transformer; 3) Rectifier; 4) PEM electrolysis stack; 5) Anode: Gas water
separator; 6) AnodeHeat exchanger for @ cooling; 7) Water circulation pump; 8) Heat exchanger; 9) lon exchanger;

10) Cathode: Gas water separator; 11) Cathode: Heat exchanger.foodling; 12) Deoxidizer; 13) Condensing heat
exchanger; 14) Dryer; 15) Compression chile 16) Dry cooler.
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Figure2-9 PEM Stack arrays for largescale electrolysis. Source: Fraunhofer (2022)

2.5.2 Water Supply

Based on the literature review and on two main electrolyzer manufacturers' technical datasheets, this scale of
electrolysis plant will demand ~34 tons/h of deionized water for the methanol plant and ~4 tons/h for syncrude/SAF

scenariooMost el ectrolyzerds manufacturers offer an integre
bring tap water to deionized water within purity requirements for their stacks.

Within electrolysis plant, there are other sufrocesses that require water with less treatment intensity, such as gas
separation and cooling, for example. In this sense, methanol scenario demands extra 51 tons/h of tap water, while
syncrude/SAF demands +t6ns/h. As in the green fuel plants, a significant portion of this water can be recovered in
later stages. Considering the worst scenario (no water recovetg,total water consumption of the electrolysis plant

is up to 10 tons/h for syncrude/SAF produoh and 85 tons/h for methanol

Regarding the green fuel plants, as previously indicated in Chapter 3 (also summarized in Table 4.1), facilities in the
syncrude/SAF plant scenario require 43,3 tons/h of water, while the scenario for methanol production indicated a
demand of 84 tons/h. Ta water quality is also sufficient. In this waytotal of ~ 53,3 tons/h of treated water must

be available to support syncrude/SAF production plant and ~169 tons/h to methamatiuding the green fuel facilities

and electrolysis.

Although it may seem unnecessary to provide higluality water for SMR as the water is expected to be converted
to steam, some authors suggest that the reliable operation of the boilers used for steam generation requires very
high-quality water (Shah, 20)3Therefore, both water streams, for electrolysis and synthetic fuel plants, will require
high-quality treatment processes. In this sense, about 70% of water can be recovered from trgditment processes
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(SHAH, 2013), resulting in a totaw water withdrawal of ~74 tons/h for syncrude/SAF and ~237 tons/h for methanol

as shown in Figure 2.10

A survey was conducted to determine the availability of water close to the location where the industrial complex is
planned to be implemented. Figure 2.1@resents a map that shows the location of nearby current permits. Red
numbering refers to surface water grants described, and black numbering refers to groundwater gréest, Table

2.10provides information on the granted daily flows.
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g 8 12 ' -

Figure 2-11Location of water exploiting grants nearbySource: IAT (2023).

Table2-2 Water flow grants nearby the industrial complex. Source: SIGARH (2023).

ID OWNER GRANT ACTIVITY
(m3 dia)
SURFACE WATER
1 Private owner 360 Fish farming in excavated ponds 25/10/2028
2 Private owner 240 Fish farming in excavated ponds 04/10/2028
3 Private owner 32,99 - 14/01/2025
4 Private owner 1,53 Dairy Cattle Farming 08/10/2023
5 Private owner 129,6 Fish farming 14/10/2025
6 SANEPAR* (Parana Sta 10 (240) V\(atgr . collection, treatment, ang 02/08/2025
water company) distribution
7 Private owner 30 Pig farming 23/10/2023
8 Private owner 38 Pig farming 19/07/2024
9 Private owner 1,35 Dairy Cattle Farming 06/08/2024
10 Private owner 46,44 Fish farming 23/09/2023
11 Private owner 15 Fish farming in excavated ponds 08/05/2023
12 Private owner 46,77 Fish farming in excavated ponds 14/09/2024
UNDERGROUND WATER
1 Agroindustry 3,1 - 22/12/2023
2 Private owner 26,3 Cattle/Pig Domestic use 02/08/2022
3 Private owner 43,2 Pig farming Domestic use 21/06/2024
4 SANEPAR (Parana Sta até 306 V\(atgr . collection, treatment and 02/08/2025
water company) distribution

Source: IAT2023). *Granted flow m3 HL (max. m? dayl)

50/ 439



Techno-Economic Assessment

When it comes to surface water, the largest grant in the region is managed by SANEPAR (Companhia Paranaense
de Agua e Saneamento). They are responsible for a daily flow ofrfh, which accounts for less than 10% of the
total estimated demand for the H2UPPP project. As for groundwater, SANEPAR currently holds a permit ofritzh 75

near the site. It is evident from the data that there is low demand for both surface and underground water near the
industrial site. An assessment was conducted to evaluate watailability in nearby bodies as follow:

1 Arroio Guacu:
A Located north of the plant ~5,5 km straight line.
1 Q7152,18M3s; Qose=4,77m3/s and Qmea=13,76n3/s
1 Total water flow: ~17172%h
A Small hydropower plant PCH Moinho (Cercar) downstream
1 Sub-basin total available flow for collection: 1508,8&/h
1 Marreco River
A Located southwest of the plant ~10 km straight line.
1 Q7150,92m3/s; Qos0=1,95m3/s and Qnear=5,52mM?3/s)
1 Total water flow:~7020m3/h
A Aquaculture intensive production downstream and Suine activities upstream

Sub-basin total available flow for collection: 605, 3/h
Séo Francisco River

Located south of the plant ~11 km straight line.
Q7,156,88m3/s; Qose=15,29M3/s and Qmear=38,76m3/s)
Total water flow: ~5504M3/h

PCH S&o Francisco upstream

Sub-basin total available flow for collection: 773,b%/h

S I R N

The Municipal Water Resources Plan of Toledo indicates that the ratio between the current flow captured and the
available flow for the Arroio Guagu and Rio Marreco sdfasins meets the minimum conditions for accepting new
grants. However, the Rio S&o Fraaco subbasin has an index above 15% of the same ratio and is indicated with a
yellow signal in relation to new concessions.

After analyzing the water demand of the H2UPPP project and surveying the water availability in the nearby rdgion,
is recommended that an assessment be conducted to allow the exploitation of surface or underground water in the
Arroio Guacgu subbasin This is because it has a greater flow available for capture and is closer in proximity, making
it the ideal source to meet the project's water requirements.

As stated in Report 1, it has been suggested to investigate the potential benefits of constructing a-Erale
photovoltaic solar plant in proximity to the synthetic fuel plant. Such a step could help to expand the useful catchment
area and promote a moe sustainable process overall.

After conducting a brief study with the Instituto Agua e Terra, it was discovered that there are dgdustries within

a 50-70km radius of the area being evaluated with water demands that exceed 4@h. Therefore, the proposed
concession for a total flow of 23?3 h in the current project is not expected to face significant obstacles during the
granting processAs part of the assessment, we also looked at how wastewater fragno-industries could be used

and treated. However, transporting the wastewater over distances greater than 30km would require significant
investments in piping and pumping. While it is a highly sustainable option, it is not recommended from a technical
or financial perspective. In the future, it may be worth considering using these agpaustrial effluents to produce
additional biogas if the project is expanded.
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2.5.3 Power Supply

Firstly, to ensure compliance with international certification and the REdréctives (which will soon be revised in
RED llI), it's important to clarify certain definitions related to power supply for the industrial complex.

i Advanced biofuelsbiofuels that are produced from the feedstock listed in RED Il Part A of Annex
IX (within H2UPPP scenario, applied to letter Animal manure and sewage sludge);
1 Renewable fuels of notbiological origin (RENBO)iquid and gaseous transport fuels which the

energy content is derived from renewable sources other than biomass (e.g., usingptdéduced from
electrolysis powered by renewables, known as green hydrogen).

Products synthesized within the H2UPPP project are obtained through theram@mical processes using animal
manureds biogas as feedstock in addition to green hydr
green hydrogen into product manufaatring does not lead to an RFNBO classification. Thus, one could assume that
H2UPPP synthetic products are more likely to aim at accomplishing the RED IIl Advanced Biofuel criteria.
Assuming this classification, it is essential to prioritize the lowest possible carbon footprint from the certification of
the synthesized products by considering the impact of each stage of the production process. Therefore, it is
suggested to size the eargy supply of the electrolyzers in a way that meets the criteria for sustainability, greenhouse
gas emissions reduction, and compliance with the criteria defined for RFNBO as well. This way, the market will receive
a product with a high level of sustainality that meets all the necessary criteria.
For the RFNBO criteria to be met, the following principles must be considered:

- Renewability: Requirement for the renewable share of electricity as a production input.

- Additionality: Use only additional installed capacity to produce RFNBOs. Furthermore, RED Il defines

additionality by the absence of subsidies received.

- Geographical correlation: Defines a geographical area in which the power plant and the electrolyzer

must be located.

- Temporal correlation: Describes the time difference between electricity and RFNBO production.

RED Il accounts for one case related to a direct connection and four alternative cases that are related to an indirect
connection:
(1) Direct connection including additionality criterion, or
(2) Four alternative cases for an indirect connection (via the grid):
a) Renewable share in the same bidding zone of the grid of at least 90%, or
b) Emission intensity of max. 18 ge@MJ in the electricity grid mix, or
c) Electrolyser serves to prevent grid congestion, or
d) PPA(s) based on additional electricity capacities.

In large scale projects like H2UPPP, adopting only direct connection schemes between sources and electrolyzers
would require investments in hundredsf-MW capacity power grids and substations in order to support energy
security for the green hydrogen prodction plant, increasing both the CAPEX and implementation schedule. In this
sense, it would be more effective to explore flexible solutions that include the 4 possible indirect connection options.

As for alternative 2a, the South Region has a large capacity to generate electrical energy from the most diverse
sources. According to data from the National Electric System Operator (ONS, 2023), the southern subsystem of the
country contributed, in the yar 2022, to the generation of more than 95,000 GWh, considering the categories of
hydro (82.1%), thermal (11.4%), and wind (6.4%). For thermal energy, it is considered the generation coming from
renewable sources (biomass and agiiadustrial waste) and noirenewable sources (coal, gas, fuel oil, diesel oil, and
petroleum). Based on this, it is observed for the year in question a generation of 92% coming from renewable sources,
with the category primarily represented by hydroelectric projects. Table 3.3 belorings together the main data
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relating to electrical energy generation in the southern subsystem, highlighting its main generating sources. To
highlight the large renewable share, Figure 3.7 demonstrates the evolution of the share of renewable and non
renewable energy in the electricahatrix of the Southern subsystem.

So, if we consider the bidding zone where the synthetic fuel plant is located as the South submarket of the Brazilian
electrical system, data suggest that the 90% renewable share target was met from 2016 to 2019, and again in 2022.
Thisscenario is very positive for the States in the southern region of Brazil, making it attractive for projects whose
main purpose is the production of RFNBO. However, it is important to keep in mind that there is no way to guarantee
that the share of renewales will be sustained in subsequent years, which could imply future insecurity regarding the
certification of exported products. Additionally, there are still doubts about the definition of a bidding zone within
the Brazilian electric sector.

Table2-3 Southern Brazilian submarket generation share

Total Gen Hydro Termo eI (el Wind Renew. Non-renew.
(renewable) renewable)

GWh )
2013 90.959 77.673 11 12.150 1.125 |87 13
2014 102.352 87.341 19 12.966 2.026 87 13
2015 111.614 94.307 1.180 12.293 3.834 |89 11
2016 107.456 92.736 2.215 7.548 4.957 93 7
2017 88.514 72.212 2.815 7.489 5.998 |92 8
2018 86.864 70.911 3.002 7.085 5.866 |92 8
2019 86.444 69.995 3.118 7.588 5743 |91 9
2020 60.900 41.839 3.103 9.474 6.484 |84 16
2021 75.031 52.874 3.097 12.763 6.297 83 17
2022 95.222 78.186 3.374 7.515 6.075 |92 8

Source:ONS (2023).

To meet the requirements of alternative 2b, it is necessary to have Brazilian and/or international accredited PoS (Proof
of Sustainability) that allows for certified accounting of the emission intensity of the energy mix used in the bidding
zone. Howeverdue to the presence of gas and coal thermoelectric plants in the Southern subsystem, it is expected
that the recorded emissions will exceed the maximum criteria required. Besides, standards in this regard are still
necessary.

Regarding alternative 2c, a vast study on transmission grid congestion in the Southern subsystem would be necessary
for sizing Electrolysers to operate in a "systefmendly" mode, indicating specific connection buses where this
equipment could really helpto improve the grid stability. This study should be provided by utilities jointly with the
National Grid Operator (ONS).
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Figure2-12Share of renewable and norenewable energy in the Southern submarket Electricity Generation.
Source: ONS (2023).

After analyzing the challenges that were highlighted in the previous alternatiRi2A(s) based on additional electricity
capacities are the most recommended oneglternative 2d). However, it's important to uphold the principles of
renewability, additionality, temporal, and geographic correlation. To achieve this, it is recommended to sign Power
Purchase Agreements (PPAs) with new renewable plants that meet theggmghic correlation criterion. Smart
metering systems should be implemented in nearby (altative 1) and distant (alternative 2d) plants to manage the
correlation between electrolyzer generation and consumption on an hourly basis. Raé smart metering must
regulate electrolyzers consumption to meet both, local and remote renewable plantthéfsum of local and remote
renewabl e energy exceeds the electrolyzerds capacity,
If the sum of local and remote renewable energy production is lower than the capacity of the electrolyzersthart

meter regulators should decrease the intensity (consumption) of electrolysis. For additional information, the average
price charged by energy generators on the Free Market classified as incentivized generation (renewable) in the long
term market (Yea+1 t o Year +4) ranged R$110 to R$172 per MWh
October/2023. The same type of incentivized generation in the shéerm market (Month+1 to Month+3) fluctuated

in the same period between R$88 and R$112 per MWh (1Ztb G/ MWh) ( Dashboard Dci de,

To enhance operational security, it is advisable to adopt a flexible connection scheme (Figure 3.8). This would involve
building new renewable generation plants that are directly linked to the industrial complex. The scheme should also
enable the complex ® be connected to the grid, allowing for the import of energy via Power Purchase Agreement
(PPA) from the generation plant located in areas that offer better conditions for renewable energy production.
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Figure2-13Standard power supply scheme for both direct and indirect connection alternatives.

As a result, alternative 1 and alternative 2d could be complementary, depending on the availability of generation and
grid capacity. In this scenario, we need to assess the remaining load of the nearest 138kV substation to the site, which
is the Vila Gauca Substation located at a distance of approximately 20km. The objective is to minimize the investment
in transmission grids and transformers. If there is no available capacity in the nearest 138kV substations, we would
need to invest in connecting the siteia 230kV substations with sufficient remaining capacity, as already evaluated in
Report 1. The Guaira 230kV Substation, which has 950MW remaining, is located ~64.3km from the site while the
Cascavel 230kV Substation, which has 700MW remaining, is locag2i8km from the site.

An estimate was made of the total substation capacity required to serve the plants. For the electrolysis plant, a
demand of 192MW was considered, which already included BoP of 3kWh/kg and an estimated consumption of
0.64kWh/kg for a compression system from 30bar (electrolyzer output) to 103bar (storage) (IRENA, 2020).
Additionally, in Chapter 3, a demand close to 4AM\Wwas estimated for the synthetic fuel plant, which brings the
total installed capacity to approximately 196 MWAC. Therefaaesubstation caacity close to 250MVA would be
sufficient to meet the total demandconsidering a power factor greater than 0.92 (as per ANEEL requirement) and a
service factor of around 1.2.

To ensure the optimal functioning of the substation, it is recommended that it be served by at least two transformers
of equal capacity operating in parallel. Additionally, it is important to assess the need for equipment installation that
can minimize theimpact of the plant on the grid while meeting the utility's requirements. Some of the equipment
that may be required for this purpose includes harmonic filters, SVC compensators (static var compensators),
STATCOM compensators (static synchronous compenss), series reactors, and capacitor banks. This assessment is
necessary given that the primary demand for the substation comes from the rectifiers that will feed and control the
electrolyzers. These rectifiers are based on power electronics technologigsiwgenerally harm the energy quality

of the grid they are connected to.

If the same substation is going to be used for connecting renewable generation plants to meet alternative (1), it needs

to have the capacity to handle the flow of peak power from the renewable plants. In this case, it is recommended to
have a total substdabn capacity of around 500MVA, regarding the next topic estimates. However, a study should be
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carried out to determine which option is more viable: connecting the renewable plants directly to the industrial
complex's substation or connecting them to the nearest technically viable utility substation. The latter option would
only consider alternativ@d within the scope of REDII.

2.5.4 Solar and Wind Power Plants

Considering the recommendations in the previous subsection, a preliminary sizing of a photovoltaic plant and a wind
plant was carried out, taking into account meeting the total demand of the industrial complex. The System Model
Advisory (SAM) was used tcsaist the simulations (NREL, 2023).

The parameters considered for the preliminary sizing of the solar plant were:

i Historical TMY 200-2021 data from Marechal Candido Rondon weather station (Reference: Climate
One Building, 2023)

1 550Wp comercial P\lodules

i 200 x 1MW comercial inverters for methanol scenario;

i 140 x 250kW commercial inverters for syncrude/SAF scenario;

1 10% of DC/AC oversizing

1 215MWp of P¥Ymodules installed, grounefixed with inclinatiorangle equals latitude, north face
azimuth, and groundcovered ratio of 0.3.

For the wind plant presizing, the following parameters were considered:

Average wind speed (m/s): 8.2 (as reported for Mieregion 1 in Report 1)
Reference height for wind speed (m): 100

Fator k Weibull: 2

Turbulence coeficient: 0.14

50 turbines, model ATB NREL Reference 4MW for methanol scenario;
9 turbines, model ATB NREL Reference 4MW for methanol scenario;

=A =4 -4 -8 -4 A

The main esults are summarized in Table 2.4 and Tablég2

Table2-4 Results related to RE plants for syncrude/SAF scenario power supply.

SYNCRUDE/SAF Power (MW) Energy (GWhly) RE share
SolarPV 35 72,45 37%
Wind farms 36 140,3 72%
Total Gen. 71 212,75 109%
Power Substation 85

Table2-5 Results related to RE plants for methanol scenario power supply.
METHANOL Power (MW) Energy (GWhly) RE share
SolarPV 200 362 21%
Wind farms 200 780 46%
Selfproduction PPA(hydro/biogas) 80 560,64 33%
Total Gen. 480 1702,64 102%
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In methanol scenario, adding the estimated capacity of equivalent full hours of both, solar and wind plants, we have
approximately 5700 hours per year. Even considering approximately 760 hours per year of stops for
preventive/corrective maintenance, the aational regime of the industrial complex would be met in only 67% of
the available operational period. However, the option to increase the installed capacity of renewable plants would
greatly increase the amount of energy in excess of the plant's demarahulting in losses.

As a way of supplementing the remaining renewable energy demanded for the plant, it would be advisable to close

PPA contracts with hydroelectric plants or even biogas or biomass thermoelectric plants, which would guarantee a
supply of base energy (firm emgy). These plants can reach capacity factors close to 80%, which would yield an

additional production of ~560GWh/year, considering full hours to meet the complete energy demand (FERNANDES
et al., 2021).

Concluding, the CAPEX an®PEX for the whole green hydrogen related plants (electrolysis, water collection and
treatment, power station and renewablplants) is described in Table.@ for syncrude/SAF scenario (process A) and
Table 2.7 for methanol.

Table2-6 CAPEX and OPEX related to green hydrogen production for syncrude/SAF.

SYNCRUDE/SAF Power (MW) CAPEX OPEX (O&M) OPEX (electricity) OPEX (waterttreat) OPEX (total

o

Solar-PV 35 $ 44 086.000,00 3 525.00000 % 224.000,00 % - 3 749.000.00
Wind farms 36 $ 50.400.000,00 3 900.000,00 % 230.400,00 % $  1.130.400.00
Total Gen. 71 $ 94.486.000,00 $ 1.425000,00 $ 454.400,00 S - $  1.879.400,00
Electrolysis 24 $ 23.396.000,000 $  480.000,00 $ 9.309.576,00 $ 500.000,00 $ 10.289.576.00
Compressors 9 3 3.491.091.00 $  3.491.091.00
Power Substation 85 $ 946356275 3 18927126 § - 3 - 3 189.271 126
TOTAL $127.34556275 § 209427126 $ 13.255.067.00 '$ 500.000,00 $ 15.849.33826

Table2-7 CAPEX and OPEX related to green hydrogen production for methanol.

METHANOL Power (MW) CAPEX OPEX (O&M) OPEX (electricity) OPEX (water+treat.) OPEX (total)

Solar-PV 200 $251.920.000,00 $ 3.000.000,00 $ 1.280.000,00 $ - $ 4.280.000,0C
Wind farms 200 $280.000.000,00$ 5.000.000,00 $ 1.280.000,00 $ - $ 6.280.000,0C
Self-production PP 80 $120.000.000,00 $ 8.000.000,00 $  512.000,00 $ - $ 8.512.000,0C
Total Gen. 480 $651.920.000,00 $ 16.000.000,00 $ 3.072.000,00 $ - $ 19.072.000,0(
Electrolysis 205 $151.187.000,00$ 4.100.000,00 $ 79.519.295,00 $ 1.250.000,00 $ 84.869.295,0(
Compressors 45 $ 30.000.000,00 $ 17.455.455,00 $ 17.455.455,0(
Power Substation 550 $ 61.234.817,81.$ 1.224.696,36 $ - % - $ 1.224.696,3€
TOTAL $894.341.817,81 $ 21.324.696,36 $ 100.046.750,00 $ 1.250.000,00 $122.621.446,3¢

25.4.1 SolarPV CAPEX/OPEX survey

Costa (2023) assessed strategies for marketing the production of photovoltaic generation systems. In their study, the
CAPEX and OPEX were determined for a 250 MWp (199.8 MWac) photovoltaic plant installed in the inland of the
state of Ceara. In this studyhe CAPEX calculations integrated all expenses related to the acquisition of equipment
(modules, inverters, lowoltage cables, and trackers), network connection infrastructure (voltage sipsubstation,
high-voltage cables, substation connection bays well as labour costs associated with the construction of the solar
park. In the OPEX calculations, the following were considered: transmission system usage tariff (TUST), plant operation
and maintenance costs, land lease, asset management, and eleitrggrvice inspection fee (TFSEE). Tablg
summarizes the financial analyses of the future project.
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Table2-8 Summary of photovoltaic system (250 MWp) CAPEX and OPEX

Physical System Configuration Value \ Unit.

Trackers 1998 un.

Modules per tracker 54 un.

Table to-table distance 6,5 m

Module power 570 Wp

Modules per inversor 486 un.

Inversor (Total) 222 un.

Modules (Total) 107892 un.

Total Module Power (peak) 250.3 MWp

Total inverter power 199.8 Mwac

CAPEX $/Wp Total Costs ($)
Inverter 0.049 12,160,785.43
Photovoltaic Module 0.176 44,194,321.03
Trackers 0.111 27,868,472.67
Logistics 0.008 2,015,650.18
Specialist PV 0.152 38,002,454.45
Specialist HV 0.081 20,267,975.71
Environmental Compensation 0.004 891,790.93
Expenses ESG 0.002 506,699.39
TOTAL 0.58 145,908,149.80
OPEX Annual value ($) Percentage (%j $/Wp

TUSDg 230,0 k{R$6,50/kW) $ 328.947,37 16% 0,0013

0&M (20.000 R$/MWplyear) $1.012.145,75 48% 0,0040

Land Lease $ 265.635,77 13% 0,0011

Asset Management (7,000 R$/MWp/year) $ 354.251,01 17% 0,0014

Aneel (TFSEE) $ 153.315,36 7% 0,0006
TOTAL $2.114.295,26 100% 0,0085

$=R$4.94. Source: Costa (2023).

For comparison purposes, SOUZA (2022) conducted an economic analysis for the installation of a photovoltaic mini
generation system (756 kWp) to supply a leachate treatment unit in landfills. The CAPEX considered equipment costs
(inverters, panels, structar cabling, protection devices, etc.), civil work for plant construction, logistics, grid
connection, engineering costs, commissioning, among others. The land lease was not taken into account as the facility
had available land area for the project instafian. Regarding OPEX, it considered preventive equipment maintenance,
occasional component replacements, and personnel responsilderhonitoring the plant. Table 2 summarizes the

financial analyses of the future project.
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Table2-9 Summary of photovoltaic system (756 kWp) CAPEX and OPEX.

CAPEX

Costs Quant. | Unit. Cost ($) Total Cost ($) $/Wp
Photovoltaic Module 1400 260.93 365,303.64 0.48
Inversor 5 6,910.11 34,550.56 0.05
Structure 350 153.04 53,562.75 0.07
Workforce 1 97,165.99 97,165.99 0.13
Civil work 1 111,336.03 111,336.03 0.15
Installation costs 1 60,728.74 60,728.74 0.08
Equipment/materials 1 30,364.37 30,364.37 0.04
TOTAL 753,012.10 1.00
OPEX

Annual costs Total Cost ($) $/Wp
Labor for operation 77,732.79 0.10
Maintenance costs 4,048.58 0.01
Total costs 81,781.38 0.11

$=R$4.94. Source: SOUZA (2022).

Dias and Nieto (2021) also conducted an economic assessment aiming to determine the feasibility of a 5 MWp plant.
CAPEX included equipment and materials comprising the project, engineering analyses, project execution, and grid
interconnection. For OPEX, ey took into account the system's lifespan (25 years), monetary adjustments (IPCA), land
leasing costs, security, maintenance, and operation expenses. Table 3.10 summarizes the financial analyses of the

future project.
Table2-10Summary of photovoltaic system (5 MWp) CAPEX and OPEX

CAPEX

1 | Engineering

1.1| Environmental analysis 1,113.36 0.000
1.2| Geological analysis 222.67 0.000
1.3| Topographic analysis

1.4| Executive Project 132,801.62 0.027
1.5| Owner's Engineering 106,241.30 0.021
Total 240,378.95 0.048
2 Main equipment

2.1| Photovoltaic Module 2,197,174.74 0.439
2.2| Inversor 385,786.92 0.077
2.3| Monitoring 15,587.04 0.003
Total 2,338,693.85 0.468

3  Other equipment
Junction box, Cubicles, Wiring, Connectors, Structures, String boxg

3.1| Measurement system, Cleaning system, Transformer, Solarimetric 865,343.61 0.173
station

Total 865,343.61 0.173

4.1| Commissioning 66,400.81 0.013

4.2| Logistics 96,120.52 0.019

4.3] Civil Work, Assembly and Civil ART 819,878.54 0.164

Total 982,400.48 0.196

59 439



Techno-Economic Assessment

5 Transmission and Conexion

5.1| Transmission Line 133,603.24 0.027
5.2| Inbound bay 111,336.03 0.022
Total 244,939.27 0.049
5.1| Travels 7,793.52 0.002
5.2| Local expenses 7,793.52 0.002
Total 15,587.04 0.003
TOTAL CAPEX 4,687,343.1¢ 0.94
OPEX (year 1)

Item Total $/Wp

1 |Annual land lease 13,360.32 0.003
2 | Annual insurance - -

3 | Annual O&M 26,560,32 0.005
4 | Annual security 11,133.60 0.002
5 | Inverter replacement* - -

6 | Other plant demands 293,927.13 0.059
TOTAL OPEX 344,981.38 0.07

*$3,116,214,92 in year 8; $=R%$4.94. Source: DIAS and NIETO (2021).

2.5.4.2 Wind power CAPEX/OPEX survey

Table 2.1(@rovides an overview of studies that conducted economic assessments for installing and operating onshore
wind systems. Based on information from the International Renewable Energy Agency (IRENA, 2023), the global
average for 2022 stood at 1,274 $ kWIt's worth noting that countries like China, India, Sweden, and the United
States have installation costs lower than the global average. In the case of Brazil, the total installation cost for systems
averaged 1,052 $ kW a value considered for comparison.

Table2-11Summary of Wind Onshore CAPEX and OPEX.

CAPEX

Reference $ kw? 36 MW 200 MW
STEHLY etal. (2019) | 1.426,00 51.336.000,00 285.200.000,00
EPE (2021) 910,93 32.793.522,27 182.186.234,82
IRENA (2023) 1.052,00 37.872.000,00 210.400.000,00
AQUILA et al. (2021) 1.600,00 57.600.000,00 320.000.000,00
EPE (2023) 1.200,00 43.200.000,00 240.000.000,00

OPEX

Reference $ kwt 36 MW 200 MW
STEHLY et al. (2019) 43,00 1.548.000,00 8.600.000,00
AQUILA et al. (2021) 32,00 1.152.000,00 6.400.000,00
IRENA (2023) 25,00 900.000,00 $5.000.000,00
EPE (2023) 18,22 655.920,00 3.644.000,00

*Real to dollar conversion (4,94 R$/$).
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2.5.4.3 Water Treatment CAPEX/OPEX survey

Figure 2.14illustrates a flowchart of a surface water treatment and distribution system. Unlike surface waters,
groundwater sources typically do not require undergoing conventional treatment, requiring only simple disinfection
with chlorine when destined for humanansumption. If the industrial process using this water is considered, in certain
processes, not even disinfection would be necessary.

o-8-80-0-8-8

Superficial Sedimentation Oxidation Coagulation Flocculation Sedimentation
Water with sand trap

and screening .

«-@3-8-8-0-8

Distribution Reservoir Fluoridation pH correction Disinfection Filtration

Figure 2-14Flowchart of the surface water distribution systemSource: Ribeiro and Melo, 2020.

Regarding the CAPEX of Water Treatment Plants, back in 2007, Fernandez and collaborators made estimates on the
implementation, operation, and maintenance costs ptimping and water treatment units. After an intensive survey
of sizing parameters, the authors developed the following cost estimation curve for implementing WTPs:
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| I |
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Figure2-15Curve for estimating implementation costs of WTPs.

In Figure 2.15it's observed that for smallesized WTPs (flow rates up to 180 mi1j, the CAPEX values ranged
between 400600 thousand dollars (2 million reais, considering the exchange rate of 4.94 R$/US$). Despite the
study being almost 20 years old, approximatealues are verified for similasized projects in recent years. For
example, in bidding No. 073/2023 from the municipality of Apiacas, Mato Grosso, Brazil, the assessment for the
construction of a water treatment plant designed for treatin@8 m?3 hitis around 546.5 thousand dollars (2.7 million
reais).

Furthermore, NeoWater company (2023) states that the investment varies considerably based on the desired volume
and quality. In this regard, the average price of a WTP can range from $4;000000 (R$20,0660,000) for supplying

1000 m3 of potable water pemonth. If extrapolated for a supply of 36,000 m3 per month (50 m® values of up to
$365,000 (1,800,000 reais) can be considered.

Paranhos and Zanella (2023) conducted an economic assessment of potential water treatment and capture systems

for industries located in the state of Rio de Janeiro. CAPEX and OPEX assessnergtsised as a reference. Table
2.12 summarizes their results.
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Table2-12CAPEX and OPEX of the water treatment system for supply.

CAPEX
1000 mé ht Unit

Equipment 2,137,695.14

Civil 675,595.14

Piping and Valves 342,031.17

Electrical, Instrumentation, and Control 641,308.50
Electromechanical Assembly 780,258.70 $
Commissioning, Preoperation, and Technical Assistance 80,161.94
Engineering and Coordination 465,705.06

5,122,755.67

Energy 0.028
Sludge Disposal 0.251
ChemicalProducts 0.243
Centrifuge 0.001
; $/m3
General Maintenance 0.008
Operational Team 0.047
Monitoring Analyses 0.022
TOTAL 10599 |

Dollar: R$4,94. Source: Paranhos e Zanella (2023).

Regarding the OPEX of WTP projects, Ribeiro and Melo (202€59essed the operation and maintenance cost of a
water treatment system intended for human consumption in small towns. Considering expenses for correcting water
characteristics, specialized labor, and energy costs, the authors arrived at values of $&%88@er m3) to superficial
water and $0.09 (R$0.46 per m?3) for groundwater. It is worth noting that these values can vary depending on water
quality and final use. This analysis considered treatment of around 40 m3 h

Francisco and Arica (2018) also conducted a cost analysis applied to water treatment in a municipality in Rio de
Janeiro. The authors considered conventional treatment, comprising the stages of coagulation, flocculation,
sedimentation, filtration, disinfémn, fluoridation, and pH correction. Additionally, they evaluated a n@onventional
treatment excluding the disinfection and fluoridation stages. It's worth noting that the costs considered were solely
related to the chemicals used in the treatment, relaing the value of $0.003 (R$0.014 per m3) for conventional
treatment and $0.0002 (R$0.0010 per m3) for n@onventional treatment.

Based on the data presented in these studies, a CAPEX and OPEX wenaag¢stl for two scenarios (Table 2.13).

Table2-13CAPEX and OPEX estimates for assessed scenarios regarding WTP.

Scenario 74 m3 hi!
CAPEX

Reference $
Fernandez et al. (2007) 748,987.85
NeoWater (2023) 323,562.75
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Paranhos e Zanella (2023)

379,083.91

Prefeitura de Apiacas (2023)

374,493.93

OPEX

Reference $ month!
Ribeiro e Melo (2020) 46,700.90
Paranhos e Zanella (2023) 31,903.29

Scenario 2- 237 m3 ht

CAPEX

Reference $

Fernandez et al. (2007) 1,949,013.16
NeoWater (2023) 1,036,275.32
Paranhos e Zanella (2023) 1,214,093.08
Prefeitura de Apiacas (2023) 1,199,392.71

Reference $ month't
Ribeiro e Melo (2020) 149,569.07
Paranhos e Zanella (2023) 102,176.74

Dollar: R$4,94.

For comparison purposes, Table. PAgathers information on water intake permits (groundwater and surface) from

an Agro-industrial Cooperative located near the region where the plant could potentially be installed.

Table2-14Permits for groundwater/surface water extraction issued to an Agroindustrial Cooperative in Western

Parana

i 3
Statute 1|§:(tract|on eIV (i Validity Source type Source
25254/2023 145 aug/19 Surface Rio Santa Fé
25108/2023 478 aug/29 Surface Rio S&o Camilo
11187/2023 9 jan/29 Groundwater Ag. Serra Geral
10015/2023 9 jan/29 Groundwater Ag. Serra Geral
11124/2023 37 jan/29 Groundwater Ag. Serra Geral
11179/2023 40 jan/29 Groundwater Aqg. Serra Geral
11128/2023 24 jan/29 Groundwater Ag. Serra Geral

* Maximum allowed flow rate. Source: IAT (2023).
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2.7 Economic Analysis

An overview of simple business cases for the various process layouts, presented in Chapter 2, is carried out in this
Chapter. The baseline for this study was excluded from the subsequent analysis due to its inferior performance
compared to the other scendps. Instead of the first proposal presented in Chapter 2, without recycling, an alternative
process for methanol production from syngas has begmoposed. The following Figure .26 presents the process
layouts together and summarize final product (syncrecbr methanol) yield in mass per h terms. In additi, the
following table, Table 25, summarizes the process layouts yields.
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co, MeOH
» 50 k Nm3h (58% CH,; 42% CO,) Tail gas (purge) «--- 2769 kg/h 31472 kg/h
(26.6 MI/kg) 23208 kg/h !
2260 MW H lf'_ - "I
| | Sep2 !
""" ™ I\ _————

Biomethane (fuel)
e m ey,

5730 kg/h (55 MJ/kg)
87.5 MW
S

CH, N

P
w0a67kg/n | S QERESMW

Unreacted reagents
234659 kg/h

Q=0MW .70.8MW

‘ ) oo
i SHieo, o

Biogas

SMR Re- i
Reactor Shift ( Clesningsy

Y

Sep1

——

| Separation : ‘\J
A
61990 kg/h ‘=" T -~ . - S
e/ co 14737 ke/h T=900°C P = 25 bar MeOHsyngas  1_57¢°c
2 300358 kg/h
40696 kg/h H,0 P =24 bar H,0 co, P =70 bar
. . 34968 kg/h = .
Biogas cleaning 46839 kg/h +37.7 MW ke/h unreacted 51% c;l;vcats;iét Dirty Water
Off-stream 4659 kg/h 7018 kg/h

W=+3.8 MW

Figure2-16Block flow diagrams for the base case process evaluafiebiogas conversion to syncrude (a and b) and

methanol (c).

Table2-15Summary of the process layouts yields.

Scenarios

Product Yield

15420 kg/h (syncrude)

Green H requirement
639 kg/h (for Hydrocracker)

Process Scenario A: Syncrude

Process Scenario B: Syncrude

21812 kg/h (syncrude)

3419  kg/h
Hydrocracker)

(for rwWGS &

Process Scenario C: Methanol (from
Syngas)

31472 kg/h (methanol)

3427 kg/h (for correct syngas
composition)

The proposed methanol synthesis process utilizes reactor units analogous to those employed in other syncrude
processes and thereby efficiently harnesses the hydrogen stored in biomethane. Furthermore, it achieves an
impressive methanol yield by effectivelymploying all the available Cg) necessitating a relatively high hydrogen
input of 3427 kg/h. Through precise calibration of the electrolyzer capacity and Gfllization, the process can be
further optimized, allowing for tuning of electrolyzer sizing drthe option to vent a portion of the CQ.

A simple business case analysis is carried out in Figure 4.2 offering an economical comparison of the different
processes. In order to compare to actual market price, it is hypothesized that all the syncrude is hydrocracked to SAF,
for which a market pricas more easily identifiable. The additional process step is considered in the CAPEX estimation.

CAPEX is estimated using quotations from comparable processes as references. Specifically, the works of Spallina et
al. (2016), Katebah et al. (2022), and DOE/NETL (2011) were consulted. Those articles provide a precise price
information for relevant equipnent, such as reformer, methanol reactors, FT reactors and other key components
present in the process layouts. The costs of erected equipment found in the literature are then adjusted using
exponential scaling law for the correct material flow rate in theoposed processes layouts (exponents of the scaling

law are also reported in the literature). Finally, the total cost is updated to current prices using the CEPCI index values.

OPEX is calculated solely by the consumption of electrical utilities, compressors, pumps, and electrolizers.
Consequently, it is consistently different between the three process scenarios considered, mostly depending on the
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electrolizers capacity required and the reactor operating pressure (methanol reactor requires higher pressures). The
electricity price has been hypothesized to be 0.063 US$/kWh as reported in RENEWABLES NOW. Energy heat utilities
are entirely selsufficient, by burning part of the biomethane or tail gas from FT reactor, eliminating their contribution

to the OPEX.

A market research has been conducted to identify average price point feSAF and emethanol. Respectively, it has
estimated for eSAF a price point of 1200 US/ton and fomeethanol a price point of 800 US/ton. It is to be noted
that the uncertainty of tls prices is quite large. Consequently, a sensitivity analysis of product prices and electricity

costs (the primary OPEX contributor) will be detailed later in this chapter.

Figure 2.1#eveals that methanol production via the syngas route emerges as the economically preferred process
scenario. The process scenario A is potentially economically feasible, but still required and optimization to reduce
CAPEX and/or enhance productivity. loontrast, process scenario 3 proves economically infeasible under the

assumed eSAF price.

Process Scenario A: Syncrude (SAF)

Process Scenario B: Syncrude (SAF)

Process Scenario C: Methanol

Capex Capex Capex
complexity factor 1 complexity factor 1 complexity factor 1
H2 electr US$ 25.1M 36 MW H2 electr US$ 150M 218 MW H2 electr USS 142M 205 MW
Equipment Total USS 430M Equipment Total Uss 730M Equipment Total Uss 399M
Engineering (10%) uss4z m Engineering (10%) Uss 73 M Engineering (10%) Us$ 40 M
BoP (15%) USS 64.5M BoP (15%) USS 109 M BoP (15%) Us$ 59.9
TCI= Contingency (20%) + land and TCI= Contingency (20%) + land TCl= Contingency (20%) + land
others Uss 752M and others Uss 1.28b and others USS 698 M
Opex Opex Opex
H2 ‘Compressors H2 Compressors H2 Compressors
size kwh 36,410.4 9000 45,4104 size kWh 218,100.0 5,000 227,100 size kWh 205,620 45,000 250,620
el price $/kWh 0.063 0.063 el price $/kWh 0.063 0.063 el price $/kwh 0.063 0.063
Lifetime 25y Lifetime 25y Lifetime 25y
operative cost 2,851.85/h operative cost 14,261.95/h operative cost 15,738.95/h
operativeness 0.95 operativeness 0.95 operativeness 0.95
operational year 8117hfy operational year 8117hjy operational year 8117h/y
operative cost 23.1 MUSS/y operative cost 116MUSS/y operative cost 128MUSS/y
(3%) 15.3 MUSS/y i (3%) 28.2MUSS/y Maintenance (3%) 13.3MUSS/y
Depreciation 20.4MUSS/y Depreciation 37.7MUSS/y Depreciation 20.7MUSS/y
Interest (4%) 20.4MUSS/y Interest (4%) 37.7MUSS/y Interest (4%) 18.5MUSS/y
H2 5,184,840.96kg/y H2 31,057,440kg/y H2 29,280,288kg/y
02 41,478,727.68kgfy 02 248,459,520kg/y 02 234,242,304kgly
02 to sell -154038964kg/y 02 to sell -9903144kg/y 02 to sell 38724612kgly
ini Business Case Business Case
per year 106MUSS/y 256MUSS/y st per year 207MUSSfy
F Produced 123,139,972.8| 190,744,800kg/y nol Produced  359,614,824kg/y
LCOSAF 860.16US$ /ton 1343.11US%/ton COMethanol 576.26US5/ton
SAF Price 1400Us5/ton 1400US5/ton le/bio Price 300Us5/ton
RR 7% -10% IRR 11%

Figure2-17Simplified economic estimations for the analyzed processes.

2.7.1 Sensitivity Analyses

To provide more comprehensive understanding and better evaluate the comparison of business cases, two sensitivity

analyses are here presented.

Figure 2.18llustrates a sensitivity analysis of the business case indicator IRR (Internal Rate of Return) in relation to the
final product price. For SAF, three price ranges are selected: the current price for SAF (900 $/ton), a low range future
price for SAF (1408&/ton), and a highmedium future price for SAF (2400 $/ton). This range can be expanded in
future analysis. For methanol, three price ranges are also selected: the current price for methanol (365 $/ton), a low
range future price for biemethand (800 $/ton), and high range future price for-enethanol (1400 $/ton). The latter

two prices are derived from the International Renewable Energy Agency.
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Process Scenario A: Syncrude (SAF)

Process Scenario B: Syncrude (SAF)

Process Scenario C: Methanol

Product Price IRR - Process A Product Price IRR - Process B Product Price
USD/ton Syncrude USD/ton Syncrude usD/ton IRR - Methanol
900 -11% 900 NA* 365 NA
1400 7% 1400 NA* 800 11%
2400 25% 2400 1% 1400 42%
45%
40%
35%
30%
ﬁ 2% IRR - Process A SAF
€ 20%
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Figure2-18Sensitivity analysis of the business case indicator IRR in relation to the final product price.

The methanol process layout exhibits thieghest IRR under the lowest product price scenario, indicating its economic
feasibility. However, this sensitivity analysis also reveals that the methanol process is the most susceptible to
fluctuations in product price, which could be considered a potégit drawback. Process B (SAF) demonstrates
feasibility only when the SAF price exceeds 1500 $/ton. Moreover, Process B is more sensitive to product price
variations compaed to Process A (SAF). Figure 2dr@sents an alternative sensitivity analysis fdagson the impact

of electricity price, a significant contributor to OPEX.
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Figure 2-19Sensitivity analysis of the business case indicator IRR in relation to the electricity price.
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Among the analyzed process layouts, Process A (SAF) exhibits the lowest sensitivity to electricity price fluctuations.
While the methanol process offers the most favorable economic performance under favorable electricity prices, its
susceptibility to eleatcity price variations raises concerns about its robustness. Process B syncrude (SAF)
demonstrates economic feasibility only under the combined conditions of relatively low electricity prices and relatively
high SAF product prices.

In summary, the methanol process layout presents an intriguing option from an economic standpoint, but its
sensitivity to both electricity and product selling point prices, particularly compared to Process A syncrude/SAF,
cannot be overlooked. Process A sgrude/SAF emerges as a relatively robust business case for SAF prices ranging
from $1400 to $2400 per ton, and its resilience to electricity price variations stems from its lower reliance on green
hydrogen.

As previously mentioned, C@utilization plays a significant role in the process design, costs, and consequently, the
overall business case. It is recommended to investigate scenarios involving reducedu@i2ation and subsequent
conversion into fuels, thereby minimizing the demand of green hydrogen.

Given the results obtained and discussed in the preliminary economic analysis, the methanol process presents lower
costs and higher return rates when compared to the syncrude process. Furthermore, the methanol is an established
market product, with a defied regulatory framework as well as a consistent market demand. This points to the fact
that the methanol process, which is less complex and more flexible in terms of process strategy changes, could be
an interesting approach to be further analyzed. Consitieg that, a refined economic analysis was carried out for the
methanol process.

2.7.2 Detailed Methodologyd Process C (Methanol)

Understanding the economic feasibility of a project is essential in engineering proposals, and different methodologies
can be utilized for this analysis. To analyze the economic feasibility of the methanol production process from synthesis
gas, there are three available methods: order of magnitude estimation, the Lang Global Factor method, and the
Guthrie Individual Factor method. The latter was chosen since it provides errors in the order of 20 %. Meanwhile, the
other two do not guarantee such aeliable esult, bringing errors in the range of 35 %.

The Guthrie method was initially developed by Hand, and later improved by Guthrie himself (in 1969). According to
this concept, it is possible to estimate the Total Invested Capitatj©f a plant. Eaclparameter in the cost estimation
model will be discussed above.

6 pip YO 6 6 6 6 6 ()

The Total Invested Capital ¢&) can be split intodepreciable and nondepreciable capital. The Total Depreciated
Capital of an investment is the cost related to equipment that wears out according to its expected lifespan. This
means that all assets that have natural loss of value suffer a depreciatighaif value. Consequently, after 10 years

(on average), their cost will be very small in relation to the purchase value. This variable includes the costs of
acquisition and installation of equipment (&), the cost of area preparation (§), the cost ofgeneral installations
(Gouildings), and the cost of utility installations {Giitie9-

When a certain asset does not suffer physical wear and tear over time, its value at the end of its use remains the
same as it was at the beginning of its use. Therefore, it does not suffer depreciation and can be sold for its market
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value or even more. This capital is called natepreciable, and it will be considered as the working capital or the
startup costs (Gvc). Each cost associated with the Totavested Capital (&) will be described individually.

2.7.2.1 Total Module Cost@ren

Cremsums up baremodule costs for every process equipment element, from tanks and machinery to computers and
software. The baremodule cost of each equipment (&) starts with the base price of the equipment €63, then

adds in the cost of materials and labor needed to install it (direct field costs), and finally includes additional expenses
like shipping, insurance, and overhead (indirect expenses).

6 6 00 )

Crogis the cost of the equipment calculated with freight and insurance separately, as the transportation of the goods

is the responsibility of the buyer. This cost is calculated using the correlations and values established by Guthrie (1974)
and Seider et al(1999), correlations which are different for each piece of equipment. In additianiskthe module

factor for correcting this FOB cost and varies accorditigthe unit operations (Table 2.36

Table2-16Module factors for different equipments.

Horizontal reactors 4,3
Columns 4,3
Heat Exchangers 3,3
Centrifugal Pumps 3,4
Compressors 35

Adapted from: (Seider et al., 2009).

The module prices arecalculated and estimated in dollars for a CE index equivalent to 560.4 at the end of 2010.
Therefore, it is necessary to correct these values using the following relationship:

00 ©)

For 2023, the Chemical Engineering Plant Cost Index used was 798.7. This value is available on Chemengonline, of
Chemical Engineeringhftps://toweringskills.com/financiahnalysis/costindices). Also, a safety factor of 20% was
added in the total baremodule cost.

2.7.2.2 Site CostCsie)
Site preparation and development costs (Csite) can be significant for new plants (g@ss plants), rangingrom

10 to 20% of the total baremodule cost of the equipment (CTBM). However, for an expansion of an existing
integrated facility, the cost is typically much lower, falling between 4% and 6% of the CTBM.
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2.7.2.3 Buildings CostQuildingy

The cost of process buildings can be initially estimated at 10% of CTBM. For new plants-f@aissplants), nor
process buildings can be preliminarily estimated at 20% of CTBM. However, for expansions of existing integrated
complexes, nonprocess buildiigs are typically lower at around 5% of CTBM.

2.7.2.4 Facilities Cosagiities)

Offsite facilities encompass utility plants (if the company manages its own utilities), pollution control systems, ponds,
waste treatment facilities, offsite tankage, receiving and shipping infrastructure. Additionally, an estimated 5% of
CTBM can be alloated for other offsite facilities.

2.7.2.5 Working Capital Gwo

Working capital, beyond fixed and startup costs, bridges the gap between a company's payments and receivables. It
covers operational needs like inventory and accounts receivable. Accountants measure it as current assets minus
liabilities, including cashpventory, and receivables on one side, and accounts payable on the other. Typically, a one
month buffer is provided, reflecting standard 3day payment terms for both purchase and sale of goods$.can be
calculated by:

0 QD Qi Qi R QE 06 d@E 6 IR QL @@ @R 6 EHAIM O & 'Q (4)

Each variable can be defined as follows.

Cash reserves: to cover expenses such as raw materials, utilities, operations, maintenance, overhead, property taxes,
insurance, and depreciation, a 3@ay buffer of cash reserves is required. This equates to 8.33% of the annual cost

of manufacture (COM)assuming a 30day period represents ongwelfth of a yearThe annual cost of manufacturing
(COM), which is consider as the OPEX value, is the sum of the direct manufacturing costs (that includes feedstocks,
utilities, laborrelated operations, and maintesince), the operating overhead and the fixed costs (property taxes,
insurance, and depreciation).

Inventory Working Capital: A seveday supply of liquid and solid products is held at the sales price, assuming weekly
shipments. This represents 1.92% of annual sales for liquid and solid products only.

Accounts Receivable: Thirty days' worth of product receivables are held at the sales price, amounting to 8.33% of
annual sales for all products.

Accounts Payable: The company maintains a thidgy buffer for feedstock payables at the purchase price,
representing 8.33% of annual feedstock costs.

2.7.2.6 CAPEX and OPEX estimations

The results calculated for the CAPEX of the meth&aptant are available in Table 2.11T is important to mention that

the CAPEX from renewable plants is described in Chapter 3. The results calculated for the OPEX of the nlethano
plant are available in Table 2.18
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Table2-17Total CAPEX investment costs.

Description Value (US$)

Total Module Cost (CTBM)

$350.762.624,87

Working Capital Cost (CWC, equation 35)

$52.521.011,63

Site Cost (Csite)

$52.614.393,73

Buildings Cost (Cbuildings)

$70.152.524,97

Facilities Cost (Cfacilities)

$114.478.376,73

Total Capital Invested Cost (CTCI, equation 32)

$746.370.357,58

CAPEX from renewable plants

$ 652.000.000,00

Total CAPEX Investment Costs

Table2-18Total OPEX investment costs.

$1.398.370.357,58

Description Value (US$)

Raw Material Costs

$ 58.815.407,58

Utilities Costs

$100.981.048,20

LaborOperations Costs

$341.141,30

Maintenance

$62.446.441,14

Depreciation

$44.701.188,91

Taxes and Insurance

$6.938.493,46

Total OPEX Costs

$233.275.085,94

While the analyzed biogago-methanol conversion case shows similar CTCI to previously presented ones,
renewable plants like those in the next chapter have significantly higher CAPEX estimates. This increase mainly results
from additional equipment, working capital, scale, and associated utilities. Notably, sit#dibg, and facilities costs

are based on the total module cost, further escalating with higher equipment costs. To isolate the operational aspects
of the process, the OPEX and sensitivity analysis in this work did not incorporate the capital expend@¥ieEX)

associated with the renewable energy plants.

A detailed analysis of OPEX contributors was performed, aiming to identify the optimal utilities for key equipment like
heat exchangers and reactors. While further refinement is required, the focus was on readily availableprim and
costeffective ogions like water and steam. However, due to the highater demand of some heaters, heating oil

was investigated as an alternative utility. To account for potential inefficiencies and operational cycles, a 5% loss factor
was incorporated into the annual prduction cost/OPEX estimation. The analysis revealed that electricity was the
primary contributor to OPEX due to the significant energy requirements of gas compression and electrolyte
operation. This emphasizes the importance of optimizing these processasrmproved energy efficiency, ultimately

leading to reduced overall operating costs.

Regarding the specific OPEX parameters, it is important to mention that the labperation cost was estimated
based on a general plant. Also, the maintenance was considered as 9% of all the depreciable capital calculated
previously (Gc), the taxes and insurance were 1% of this same capital and the depreciation was 8% of the difference

between the Geiand 118% ofhe facilities costsGaciities.
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2.7.2.1 Sensitivity Analysis

To provide more comprehensive understanding and better evaluate of the methanol process, a sensitivity analyses
is here presented.

Some considerations were made to perform this analysis: the methanol selling price is defined as 1500 US$/ton, and
the MeOH production is 31,5 tons per hour. So, the gross annual revenue is $374.397.130,80.

Taking into account negative factors like annual depreciation and production costs, it was able to estimate the
project's Internal Rate of Return (IRR). This hypothetical discount rate, based on projected cash flow, helps determine
if the investment is fiandally viable. Refer to Table 2.16r the specific cash flow projections.

Table2-19Calculated IRR for methanol production.

Gase Descripon R

Methanol Cost: 1000 US$/ton -3,87 %
Methanol Cost: 1200 US$/ton 291 %
Methanol Cost: 1500 US$/ton 12,92 %

To understand how changing production oprice impacts profitability in methanol production, the breag&ven point

was estimated. This point, where revenue and expenses equalize, reveals no profit or loss. The analysis considered
scenarios where either production volume or selling price fluctuatefélor economic viability, either a minimum
production of 23,4 tons/h of methanol or a minimum selling price of 1113,7 US$/ton is necessary. This ensures zero
profit or loss, making the process feasible.

Though the provided cost figures provide a glimpse of potential expenses, it is important to note that production

and sales at the selected site for the methanol plant may vary considerably. Costs associated with electricity, raw
materials, labor, equipmeiy and utilities are particularly vulnerable to change. This uncertainty, coupled with the 20%
potential error in the cost estimations by Guthrieds mi
in planning.

2.8 Conclusions and Highlights

After a careful evaluation of the possible process configurations to use biogas as a raw material to obtain either
syncrude or methanol, some process scenarios were obtained. Three scenarios focused on syncrude production. The
first scenario served as a Isaline, involving all essential unit operations for converting biogas to syncrude without
any process recycle. The second scenario (A) incorporated tail gas recycling into the reforming stage, along with a
pre-reformer, to enhance process yield. The thisyncrude production scenario (B) aimed to address CO?2 utilization,

as the process does not fully convert all CO2 present in the biogas, necessitating the separation of a significant
amount of CO2 from syngas before Fischdiropsch synthesis. As a simpldternative for biogas utilization, methanol
production from syngas (scenario C) was also evaluated as a fourth process scenario for comparison purposes.

The technical feasibility of each process scenario layout was evaluated, and a simplified economic assessment was
conducted. Each processonfiguration has its own unique advantages and disadvantages in terms of cost, yield,
hydrogen, and water utilization, for instance, making them suitable for specific local conditions and requirements.
However, based on economic comparisons, certain scéna may emerge as promising candidates for process
implementation.
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Technically speaking both processes are feasible, despite optimization of process design and heat integration being
necessary in future analysis for all of the process configurations evaluated in this work. The syncrude route present
higher process compleixy and lower flexibility, and its phased implementation should be regarded as a strategic
approach. For this route, it is technically advisable to include the hydrocracking step in the simulations and also to
select a narrower carbon chain interval, sogteconomics could be better evaluated, and the product transportability
could be facilitated. The methanol route, by its turn, has lower degree of complexity and higher degree of flexibility,
which could be beneficial in case of future changes in stratemfithe process.

In the economic side, both syncrude (scenario A) and methanol (scenario C) could reach a levelized cost within the
range of estimated future prices for synthetic fuels. Scenario B of syncrude production is most likely to be discarded
or to have its processlesign revised. Methanol levelized cost is more sensitive to electricity price due to the relatively
large green H2 electrolysis unit. Finally, renewable energy plant size due to large green H2 requirement has a large
impact on CAPEX and OPEX.

At this juncture, considering all the discussions, one could either proceed with further evaluation and comparison of
two or more process scenarios or based on current indicators, select a single process scenario for thorough
evaluation.

Finally, it is also important to mention that, in general, the production of methanol is comparatively less complex than
that of syncrude, resulting in diminished associated economic risks. While the methanol process may be economically
viable, its feasillity is susceptible to fluctuations in technical factors, market conditions, and regulatory requirements,
thereby increasing associated risks.

2.8.1 Optimization Analysis

The simulations conducted in this study aimed to demonstrate technical feasibility and provide input data for
economic analysis. Consequently, due to time constraints, optimizations related to process efficiency and heat
integration were not carried out. fie primary recommendations regarding process optimization requirements will be
outlined in this section.

1 Water scrubberithe water scrubber operating performance need to be optimized in order to reduce the
water consumption. Although, as previously mentioned, the water consumption of the water scrubber is
compliant with literature reported ranges, a reduction of water neaebuld be highly beneficial for the process
economics and water demand. The effect of some variables could be accessed, such as the pressure, the
temperature, and the input of some recycle. Additionally, it is crucial to examine various peegfor conducting
biogas upgrading and separating CHCO,. Given the elevated C® content in the mixture, alternative
technologies should be explored, including chemical absorption using amines, pressure swing adsorptions, or
even a membrane separation system. The optimal approach is to thoroughly study and compare these methods
to gain a comprehensive understanding of the actual requirements of the process.

1 Utility types and conditionssimple utilities were chosen due to time constrains. Overall, water usage was
considered. Thermal fluids such as heating oil were only chosen in the equipments where the water consumption
would be really high, resulting in high equipment size besides thvater demand. Thus, utility optimization must

be performed, by considering different types of utilities and the equipment needed to generate them in the
economic analysis. It is also important to analyze the best conditionsnfterature, pressure, phase) for each
chosen utility to minimize the overall costs.

1 Heat integration:Heat integration serves as an effective means to alleviate energy demands in a process
plant. However, in this analysis, only the most basic form of heat integration was implemented. Thus, it is essential
to explore additional potential heat integration pportunities and assess whether modifications to the initially
proposed scheme are warranted. Moreover, it is crucial to investigate the feasibility of generating utilities, such
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as steam, from the surplus heat generated by the plant. If feasible, this could significantly diminish the demand
for the required utilities.

1 Water utilization: The evaluated process generates significant quantities of water as apimduct.
Consequently, it is imperative to conduct thorough and optimized water treatment and reuse processes to
minimize the overall water consumption. This would not only contributi® reducing the costs associated with
this demand but also serve to mitigate some of the environmental impacts that the company could incur.

2.8.1.1 Methanol Plant Purge

The usual syngas to methanol conversion reported in the literature is quite low (about 25%), which causes great
amounts of unreacted species to bpresent in the product stream. Recycle strategies need to be implemented for
the process to be economically viable, but since the conversion is low, high recycle rates will ultimately imply-in non
reacting species accumulation in the system and convergerggies in simulations. A research work in the literature
report recycle rate of 95% for one configuration of the studied process (Sarvestani & Maria, 2022), for example.
Clearly, for commercial applications, careful optimization must be performed so thie is increased, and the purge

rate is decreased. There are technical suggestions for addressing the purge stream in methanol plants in the literature
(some of which for natural gasased methanol process) (Advanced Extraction Technologies, n.d.; Miretkal.,
2016; Sarvestani & Maria, 2022) since this purge stream has a high hydrogen and carbon monoxide content. In the
present project, it is especially important to address this stream since figkt green hydrogen is being introduced

in the processand environmental footprint is an especial concern.

The suggestions in the literature to address traditional methanol process purge stream include burning (due to its
high energetic content), converting to other products as well as including gas separation units to separate the
components of interest and reycle them into the process. This last alternative, for example, is currently commercially
offered (Air Liquide, n.d.). In the present project, low added value options such as burning would be the last preferred
option (otherwise economically advisable).

For the methanol simulation, 91% of light gases recycling is considered as mentioned in the report, impacting in high
amounts of valuable molecules leaving the process without conversion. Due to time constrains, strategies to enhance
this recycle rate werenot implemented, but they are required in future project refining to enhance the process
economics and to assess the impact of higher recycle rates in process costs. Potential strategies to address this purge
stream could be the implementation gas sepaiah units or more than one methanol reactor. It should be noted

that these strategies will ultimately and, probably importantly, impact the CAPEX and the OPEX, and detailed
evaluation should be performed to evaluate if they are economically attractivesAggested in the report, the most
attractive process scenario should be evaluated in detail and further optimized.

The same way as for the other scenarios, the electrolyzer presence and need should be carefully evaluated, since
depending on the reforming and RWGS conversions, only small amounts of green hydrogen input may be needed
for the process, and the need for frigh green hydrogen input may be overcome by changing the process
configuration, operation conditions and/or including additional unit operations.
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2.9 Technologies Review

This chapter wildl provide a process description of the
were divided into the main transformation steps that ¢

2.9.1 Water Scrubbing

In general, biogas is a mixture of CH4, CO2 and other unwanted compounds. To achieve the proposal of this work,
these major components need to be separated into two process streams. There are different technologies to perform
this separation, called biogas ypading (Angelidaki et al., 2018).

Water scrubbing is a process that can be classified as physical absorption. It is based on the difference in solubility
that a mixture of gases contains when it is dissolved in a solution responsible for this scrubbing, which in this case is
water itself.It is the most widely used process in the industry for upgrading biogas, with 41 % of the world market
present. For this reason, it was selected as the upgrading method on this work to perform the separation between
CH4 and CO2 (Niesner et al., 2013). Aykeoncern in water scrubbing is the high water consumption for CH4/CO2
separation (200 m3/h per 1,000 Nm3/h biogas, as per Angelidaki et al., 2018). Optimization is crucial to minimize water
usage and improve process efficiency.

The water scrubbing system consists of two stages. The initial one involves an absorption column, responsible for
removing the CO2 content from the biogas, by using pressurized water as a solvent. This operation is followed by a
stripping column, which isesponsible for regenerating this solvent. The operational condition of the first column
(absorber) is given at temperatures from 30 to 50°C and pressures from 9 to 12 bar (Ashraf et al., 2015; Bauer et al.,
2013). As for the second equipment (stripping lomn), the water can be regenerated by decompression to
atmospheric pressure, resulting in the release of CO2 (Angelidaki et al., 2018).

In the provided block flow diagram there are three feed streams, which the conditions are presented on it. The
biogas was first prepared by adjusting its pressure and temperature before being introduced at the bottom of the
absorber column. To perform this adjustment, it was used a systafitwo isentropic compressors with 85 % efficiency.

The first one has a discharge pressure of 4 bar. A heat exchanger was implemented to reduce the temperature of
the mixture to 40 °C, with a pressure drop of 0.3 bar. Then, a second compression stage is responsible for increase
the pressure to 12.3 bar, fllwed by another heater to adjust the temperature to 40 °C. Meanwhile, a water stream
was also pressurized to be fed on the top of the absorber column, in a countercurrent flow. A pump with 85 %
efficiency was used, with a discharge pressure of 12 bar.loth equipment, the simulation was performed using

the Peng Robinson thermodynamic model and only the vapor phase was considered as valid phase.
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Figure 2-20Block flow diagram for the water scrubbing system for CO2/CH4 separation.

To model the absorption and the stripper columns, some general considerations were made: the thermodynamic
model used was the electrolytic NRTL (electrolyte Aandom two liquids); the compounds CO2, H2S, NH3, N2, O2
and CH4 were considered Henry's compents; columns operate in equilibrium without condenser and reboiler; valid
phases present in the system are liquid and vapor; there are chemical reactions taking place in the absorber column,
which are arranged in the fed biogas was considered just a migtof CH4 and CO2. Also, both columns have 20
equilibrium stages, the liquid stream was fed into the first stage (1st) and the vapor stream on the last one (20th). The
absorber operates at a pressure of 12 bar, while the stripper operates at 1 bar, angressure drop was taken into
account.

Table2-20 CH4/CO2 separation system reactions.

Equilibrium reaction 00 OGP GO 0O
Equilibrium reaction ‘0oYP 0O Y
Equilibrium reaction Y 0 0
Equilibrium reaction ‘OoP O 0O
Equilibrium reaction 60 O06P O ™0
Equilibrium reaction WO PO 690
Salt 0 "0OCY P 'O OV

Two streams were produced in the initiablumn. The upper stream predominantly comprises biomethane, whereas
the lower stream consists of a mixture of water, CO2, and other impurities. The latter is introduced into the stripper,
where the solvent is regenerated and recirculated to the absorb&he CO2 is separated and exits as part of the
upper stream from this column.
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2.9.2 Steam Methane Reforming

Steam Methane Reforming (SMR) is a technological route to produce synthesis gas using biomethane as the main
reactant. It has industrial antarge-scale applications and usually, this route can be also applied in the production of
H2 (Ramos et al., 2011).

The main reaction in SMR is an endothermic process and occurs between methane (CH4) and water vapor. The
operational temperature is typically around 800 °C, while pressures range between 15 and 30 bar. The resulting
syngas attains H2/CO molar ratio of apprimately 3 and the catalyst commonly employed in this reforming process

is nickelbased (Chouhan et al., 2021; Froment & Xu, 1989).

This entire system can be summarized in one main unit: a reforming reactor. Prior to this reactor, adjustments must
be made to the feed stream (biomethane) to align with the specified conditions for this unit. The CH4 stream is
pressurized to 24 bars usingn isentropic compressor with 85 % efficiency. After that, it is pre heated to 600 °C in a
heat exchanger, aiming to reduce the heat duty of the reactor.

Meanwhile, it is important to mention that the water content necessary to the SMR is first fed into arefermer

stage for the FT synthesis. This specific process will be discussed in topic 2.7. The resulting stream of this unit, which
consists in a mixtre of different compounds, primarily including CH4, CO2, H20, and syngas, can be combined with
the pure biomethane stream and subsequently introduced into the reforming reactor. The temperature and pressure
conditions of both streams closely match, soi# hot necessary to add a buffer tank for equalization.

Having both of these streams at the appropriate conditions, they can be introduced into the SMR reactor. This unit
operates as a kinetic reactor, described in Chapter 7. The conditions were defined as 900 °C and 24 bar. Furthermore,
the current reactions aichemical equilibrium are outlined. All of them were treated as reversible reactions and since
steam is one of the primary reactants of SMR, solid carbon formation was neglected (Chouhan et al., 2021). For all
these equipment on this stage, the thermodymaic model considered on the simulations was Peng Robinson.

Table2-21Reactions of the steam reforming system.

N° Name Reaction

ri Steam Reforming main reaction 60 0O0P 60 6O
r2 ReverseWater Gas shift 60 OP 60 OO0
r3 ReverseSabatier reaction 00 ¢O06P o606 1O

There are a few points of attention in the SMR process simulation. Since the operational temperature achieves values
near to 1000 °C, an external heat source is required for heating the readdecause of that, the purified biomethane
stream in the water scrubbing process was separated, so that 28 % of it was allocated for power generation to the
SMR reactor. Despite this, and the requirement for a feedstock enriched in CH4 with lower CO2 canterdst
studies related to SMR report minimal coke formation as a significant advantage (Froment & Xu, 1989; Gangadharan
et al., 2012).

2.9.3 Adiabatic PostConverter
The Reverse Water Gas Shift (RWGS) is a side reaction that takes place within steam methane reforming but can also

be conducted independently. It is an endothermic chemical reaction, in which the CO2 is reduced to CO, while
consuming H2. As such, it hasétpotential to lower the syngas H2/CO molar ratio, particularly when employed after

81/ 439



Techno-Economic Assessment

the SMR process. For the process to occur satisfactorily the formation of CO, temperatures above 700 °C and H2/CO2
mixture ratios equal to 3 are frequently employed (Gonzal€zastafo et al., 2021).

A RWGS unit, combined with a previous SMR unit, comprises an operation known as ReShift. In this scenario, the
syngas produced in the reforming reactor is directed to a subsequent reactor, where the RWGS will occur, increasing
the CO content in the mixtureand adjusting the H2/CO ratio for Fisch€Fropsch synthesis or the Methanol synthesis.

The second reactor is called adiabatic pesbnverter (APOC), and its modeling is based on the Topsoe ReShiftTM
technology (Baltrusaitis & Luyben, 2015; Mortensen ef 2020).

Taking all these factors into account, the initial stage in this APOC block involves introducing the CO2 stream into
the process, which originates from the stripper column in the water scrubbing unit. This stream needs to be
pressurized and heated to attai similar conditions to those of the syngas generated in the SMR. This procedure is
carried out using a sequence of compressors and heat exchangers. The compressors are isentropic and have an
efficiency of 85 %, with a maximum outlet temperature of 170 #glditionally, all the heaters have a pressure drop

of 0.3 bar.

As presented in the SMR, the APOC operation is also consolidated in a single reactor. After adjusting the operational
conditions, both streams (syngas and CO2) can be combined and introduced into the RWGS reactor, in which the
reactions mentioned on are ocurring.

Bi-reforming o600 ¢'O0 O60P YO 1060
CO2 Methanation 606 TOP 60 ¢OU

CO Methanation 60 dOP 60 OO0
Reverse WateiGas shift 606 "OP 60 OO0

As defined for the SMR, this unit also operates as an equilibrium reactor, following the principle of minimizing Gibbs
free energy. Phase and chemical equilibrium were computed under a pressure of 25.5apara heat duty of 0.1
MW, which characterizes a condition close to adiabatic operation of the equipment. All the unit operations in this
stage were simulated using the Peng Robinson thermodynamic model.

The exit stream of this reactor contains CO, H220, CH4 and CO2 and needs to be adjusted to enter the Fischer
Tropsch synthesis or the Methanol synthesis. This aligns with the objective of maximizing syngas purification by
reducing its water and CO2 content.

2.9.4 Syngas Upgrading

Certain compositional limitations should be respected for the syngas before its introduction into the FT synthesis to
prevent issues such as product accumulation, catalyst deactivation, and other problems within the reactor (Maitlis &
de Klerk, 2013).

CO2 acts as an inert compound in the FT synthesis, and its concentration in the syngas must be carefully controlled.
The presence of CO2 in the syngas can lead to accumulation within the system, necessitating larger purges and
restricting the recycling seam. Since CO2 is introduced into the Rehift reactor, which does not achieve 100 % of
conversion, it is important to remove this compound from the syngas before it enters the FT reactor. Furthermore,
water, a byproduct of the ReShift reactor, must be mnoved before the FT synthesis. Considering these aspects, a
syngas conditioning/upgrading step was proposed.
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To remove the water content from syngas, a system comprising a sequence of three heat exchangers and a flash
tank was proposed. This setup is designed to lower the mixture temperature to 40 °C, condensing the H20.
Subsequently, in the flash tank, the condged water is collected as a separate stream. The pressure on this tank was
established at 24.6 bar and it was modeled using the NRTL thermodynamic model. In the case of the heaters, a
pressure drop of 0.3 bar was accounted for in each of them and the PdrRgbinson equation of state was employed

to predict the systembs behavior.

Regarding CO2 removal, there are several options available in the market to perform this separation. CO2 absorption
by MEA solution (monoethanolamine) is a widely applied industrial solution and it was chosen due to its technological
maturity (Angelidaki eal., 2018; Taipabu et al., 2023).

The process of CO2 chemical absorption by a MEA (Monoethanolamine) solution involves ecbliamn system. The

initial column serves as an absorber, where the MEA solution reacts with the CO2 present in the syngas. Subsequently,
in the second column, knowms the stripper, CO2 is released by heating the mixture, allowing the MEA regeneration,
which is then recycled back into the first column. A few reactions between the electrolytes present in the system take
place, as mentioned below in Table 2.5.

Table2-22 MEA system reactions.

N° Reaction

r1 'O6 0'06® ()00 OO0

r2 ¢O0 P 0O OO0

r3 "0a 006 P 60 ‘00

r4 60 (00 ° "0d)

r5 &8 ©°060 0O

6 000 66 "O0©° 0’006 66 OO0
r7 0000 b6 © )00 66 OO0
r8 60 ¢O0P OO0 "O&

r9 00 O P D06 OO0
r10 006&0 OO0 P D00 O

The reactions 43 are governed by the equilibrium condition while the reactionsZ by kinetics. The kinetics data
considered for those reactions are presented on. Also, the electrolyte solution chemistry considered the equilibrium
reactons 2-3 and the reactions 810.

Table2-23 Kinetic parameters for reactions-Z.

Ea caimo)

r4 4.32.16° 13,249
r5 4.38.187 29,451
ré 9.77.1¢ 9,855.8
r7 3.23.1¢° 15,655
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Regarding the reactions governed by the kinetics, power law expressions were considered with kowetgtants

taken from the literature (values next to the reactions from/derived from: reaction 4 (Pinsent et al., 1956); reaction 5
values from (Pinsent et al., 1956) and equilibrium constants of the reactions 4 and 5; reactions 6 and 7 (Hikita et al.,
1977).

The absorption simulations were performed using the electrolyte NRTL thermodynamic model in the equilibrium
mode, considering an absorption column followed by a centrifugal pump and a heat exchanger, to adjust the
conditions for the second column (stripp@rused to regenerate the solvent.

Both columns were simulated with 20 equilibrium stages. The absorber operated at a temperature of 40°C and 7 bar,
and the operational conditions of the stripper were 120 °C and 2 bar. The mass composition of MEA in the solvent
solution was 20% and 80% wateA make up of water in MEA is needed to compensate for the losses in the product
stream (Angelidaki et al., 2018; Awe et al., 2017; Taipabu et al., 2023).

In the simulations for syngas cleaning, a water scrubbing system was also evaluated. However, when contrasted with
the MEA simulations, it became evident that this method would require a significantly larger quantity of solvent, in
this instance, water. Tib would result in disproportionately large and costly columns. Consequently, only the MEA
solution was chosen for the CO2 separation from the syngas due to its more favorable economic and practical
considerations.

2.9.5 Methanol synthesis

Methanol (CH3OH or MeOH) is an important industrial chemical, used on a large scale in the plastics industry, in the
extraction of various products and as a solvent. It is also useful in the organic synthesis of various chemical
intermediates, such as foraldehyde, methyl chloride, acetic acid, methylamines, methyl methacrylates and used in
the transesterification process of triglycerides to produce biodiesel (IGP Energy, 2016). On a global scale, a significant
portion of the industrial production of methanl comes from synthesis gas (CO + H2), either through the gasification

of coal or biomass, or through the reforming of natural gas (Zhong et al., 2020).

The standard parameters for methanol synthesis encompass a temperature range of around 230 to 270 °C and a
pressure ranging from 50 to 100 bar to favor the conversion of reactants (BISOTTI et al, 2021). The hydrogenation
reactions occurring in the reactoare exothermic, so optimal temperatures are required to balance kinetic and
equilibrium. The prevalent catalyst employed for this synthesis is coppeac-aluminum based (CtZn-Al). The typical
conversion rate of CO to MeOH is 25% (Yang & Ge, 2016). Toaeme process efficiency, numerous methanol
production facilities recycle unconverted gases, such as CO and CO2, back into the reactor.

The syngas conversion into methanol can be conducted by a main unit operation, which is a kinetic reactor. Preceding
this step, an essential system for extracting a significant amount of water from the syngas coming from tHehiRe
operation is required,comprising coolers and a flash tank. Subsequently, a pressure adjustment system for the
methanol reactor is implemented, incorporating two compression units and heaters to elevate the pressure to 70 bar
and the temperature to 270 °C. The compressors agentropic and have an efficiency of 85 %, with a maximum
outlet temperature of 170 °C. Additionally, all the heaters have a pressure drop of 0.3 bar.

Once the syngas is attuned to the specified conditions, it is introduced into the methanol reactor. This unit functions
as a kinetic reactor, as elucidated in Chapter 7. The operating conditions are set at 270 °C and 70 bar. Additionally,
the current reactons occurring at chemical equilrium are detailed in Table 2.24with all reactions treated as
reversible. In this phase, the thermodynamic model applied in the simulations is based on the Peng Robinson
formulation.
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Table2-24 SyngasTo-Methanol Reactions.

N [Name | Reacton |

ri CQ;, hydrogenation 60 oOP 6 0 00
r2 Reverse Water Gas Shift (RWGS) 600 OP 60 OO0
r3 CO hydrogenation 60 ¢'OP 6O

2.9.5.1 Product Separation SecticnMethanol

The MeOH reactor produces a mixture of watemethanol, CO2, CH4, and unreacted syngas. To separate the water,
the mixture first undergoes cooling in a heat exchanger to condense the water and methanol. The temperature is
reduced to 30°C. Then, the cooled mixture enters a distillation column with 4sikbrium stages. This column utilizes

a partial condenser and a kettle reboiler to achieve the desired separation at a pressure of 28.7 bar. The reflux ratio
is set to 1 for optimal operation.

The distillation column effectively recovered 98.5% of thater in the bottom stream. However, due to the partial
condenser, two product streams were generated. The vapor stream, containing unreacted syngas, CO2, CH4, and
trace amounts of methanol, is recycled back into the system to enhance methanol synthesigersion. This stream

is first compressed to 70 bar to achieve a 91% recycle rate. Meanwhile, the liquid stream containing water, methanol,
and dissolved CO2 undergoes further processing. A valve expands the mixture, aiding in CO2 removal. Finally, a flash
tank efficiently separates the remaining water and CO2 from the purified methanol, achieving a 98.5% pure main
product.

2.9.6 FischerTropsch synthesis

As previously mentioned, the Fischdiropsch synthesis consists of surface polymerization reactions using syngas (a
mixture mainly of CO and H2) to obtain a variety of hydrocarbon chain length products. As the main purpose of the
considered process is to qduce hydrocarbons in the range of the sustainable aviation fuel (SAF), the low
temperature FischefTropsch (FT) was chosen. The previous analysis regarding FT temperature and pressure
presented in the first report of this work indicated the need of a balce between the temperature and the reaction
pressure aiming to obtain reasonable conversions and a balance between methane and higher hydrocarbons
formation. Considering this, the temperature o#&ctoR20 EC
operating conditions. At the first moment a CSTR reactor was simulated aiming to be approximate with a slurry
bubble column reactor. Besides CO, H2 and some other molecules present in the systeparaffins and olefins

with chain length between Bnd 30 carbons were considered in the system. Each hydrocarbon chain formation
reaction was considered separately with its formation rate. For this purpose, a kinetic model based on the utilization
of a Re promoted Co catalyst considering the CO insertiomechanism was chosen. Minority products such as
oxygenates, and 2olefins were disregarded. The kinetic model allows for the prediction of temperature, pressure
and reactants composition variations in the product formation ratéghe kinetic modeling equabns are presented

in Appendix A.

2.9.6.1 Product Separation Secti@ghSyncrude

At the outlet of the FT reactor, a stream with hydrocarbon products, unreacted syngas, water, among other

components present in the system is obtained. Given the significant amount of unreacted syngas, recycling it back
into the process could enhance themcess economic feasibility and efficiency. To achieve this, the unreacted syngas

and eventually other compounds must be separated from the main produtit is important to mention that this
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step differs significantly from the syncrude upgrading/fractionation, from which purpose is to segregate it into usable
products, like biofuels.

To separate the fractions of unreacted syngas and lighter hydrocarbons from the fractions of higher molecular weight
hydrocarbons, a scheme similar that reported Ifgle Klerk, 2008jor the LTFT synthesis was proposed.

Tail gas
/_:» Cold condensate
@ Aqueous product
LTFT (“reaction water”)

Y

Hot condensate

Syngas —> \1/
Wax

Figure2-21Generic FTS product recovery scheme (de Klerk, 2008).

Y

The separation equipment is employed to initially remove the heavier hydrocarbon fractions, including waxes. By
gradually cooling the mixture, it serves to partially and preliminarily separate the syncrude, aiming to obtain the
desired fraction of this preess step. The separation was performed using flash tanks. Since the final process will
probably use a fixed bed reactor for the FT synthesis, the separation of a liquid product stream directly in the reactor,
as shown in the Figure 2.4 is not possible,da flash tank is used for this purpose. Furthermore, in the process
simulation, the use of a triphasic flash for water separation proved to be a more effective option than employing two
flash tanks at different temperatures.

After an evaluation, three flash tanks were implemented. The effect of a pressure drop preceding the flash tanks was
examined, and it was found to be either nebeneficial or detrimental to the separation of components. Since
reducing the pressure would ipply that the recycle stream need to be recompressed to enter the system, the product
separation step was operated at the reaction pressure (around 25 bar), considering only equipment pressure drop.
Through this configuration, it was possible to separateetisyncrude (herein considered as hydrocarbon chains of
C5+), water and a fraction containing the unreacted syngas and lighter hydrocarbon fractions.

The first flash tank (180 °C and 25 bar) performed the separation of the heavier hydrocarbons (waxes), with cut
fraction at approximately C20+. The second flash tank (30 °C, 23 bar) was able to remove 98 % of the water present
in the FT product stream, andwo hydrocarbon streams: one of heavier ones, with cut fraction in C7+, that joined
the syncrude product; and another with lighter hydrocarbons. Finally, the third flash tank (30 °C, 24 bar) separated
at the bottom a stream with approximately C4+ hydrochons, and at the top a stream containing the unreacted
syngas and the remaining hydrocarbons, mainly comprising 1 and 2 carbons, but also with some amount-&3C3
hydrocarbons, for example. These heavier hydrocarbons will be reformed in the i@f@rmer aming to increase the
amount of syngas in the process, before returning the process in the SMR reactor.

Ideally, if all the hydrocarbons are separated from the unreacted syngas, am@fermer would not be needed and
the smaller flow of the recycle stream would imply in smaller equipment size. However, the separation of the lighter
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hydrocarbons (specially C1 and C2) of syngas would demand highly complex and costly unit operations, such as
cryogenic separation. Thus, a preformer was inserted in the process to form syngas by the reforming of these
heavy hydrocarbons of the recyclgream. The methane formed during the FT synthesis was reformed in the SMR,
after the pre-reforming step.

Replacing the third flash by a distillation column was evaluated during the process simulations, aiming to verify the
effects of a better separation between the C1, C2 and C3+ fractions. However, it was concluded that this distillation
column was not jusfied since the C3+ hydrocarbons flow in the recycle stream was very low, representing a non
viable recovery.

2.9.7 Prereformer

According to Topsoetechnology, the ReShift process includes an additional unit known as greformer. In this unit,
which precedes the steam reforming step, the required steam for the SMR is introduced along with heavy
hydrocarbons (HC) recycled from an exhaust gas streahthe FischerTropsch reactor. Its purpose is to reform these
compounds to prepare the mixture for the subsequent SMR stage.

As previously mentioned, the inclusion of this step modifies the steam supply to the SMR. Instead of entering directly
to the reforming unit, steam is added on this preeformer reactor. The water is compressed to 26 bars in a centrifugal
pump and preheatel in another heat exchanger until it reaches its saturated steam condition. Subsequently, the
stream is blended with the recycled stream containing heavy hydrocarbons (HC), and the mixture is passed through
a heat exchanger to raise the temperature to 600°?

The conditions of the prereformer are like the APOC reactor: 25.5 bar and an adiabatic operation, with 0.01 MW.
This unit also operates as an equilibrium reactor, following the principle of minimizing Gibbs free energy, with the
Peng Robinson thermodynand model applied on the simulation. Again, the exit stream, at 720 °C, is subsequently
combined with the biomethane stream at the beginning of the process and enters the SMR unit.

298 RWGS

The syngas generated in the R8hift process, that includes the SMR and APOC units, must be adapted to meet the
requirements of the Fischefrropsch (FT) process, particularly concerning CO2 and water content. Typically, CO2
removal is achieved through cheioal absorption, using amindase solvents, such as MEA or DEA (as mentioned in
section. This resulting stream, primarily composed of CO2, can serve different purposes, one of which is its conversion
back into syngas by the previously mentioned RWGS reaati

The new stage consists of a single equilibrium reactor unit, where only the RWGS reaction is considered, as mentioned
in Table 2.4. It operates at 1000 °C and 25 bar, with only the vapor phase being relevant within the equipment. The
thermodynamic model usd to predict the behavior of this system is also the Pempbinson equation of state.
Moreover, it may be necessary to introduce a hydrogen stream, to promote the direct reaction. The H2/CO2 molar
ratio needs to be close to 3, as previously described.

The product stream consists of a blend of synthetic gas and water, and can be recirculated into the system,
immediately after the APOC unit. This serves as an alternative approach to minimize the environmental impact of the
entire system and recycle the &acted CO2 in the syngas upgrading process.
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3.1 Introduction

Within the context of the global energy market, the production and use of biofuels have taken a key role, offering
not only a pathway to sustainable development but also a key solution to meet the surging demand for cleaner
energy sources. Brazil, renownefbr its abundant biodiversity and agricultural expertise, has positioned itself as a

significant player in the biofuelsd global ecosystem,
growing international markets.

In the face of climate change, the European Union (EU) has set specific goals for reducing greenhouse gas emissions
and enhancing the share of renewable energy in its energy portfolio. Brazil's expertise in the production of biofuels,
presents a compellingsolution that addresses the EU's sustainability objectives and promotes the importation of
biofuels with a significantly reduced carbon footprint.

Brazil's diverse climate and expansive arable land provide an optimal environment for cultivating feedstocks crucial
for advanced biofuel production, such as biogas from agricultural residues and waste materials. The innovative
utilization of waste biomassot only mitigates environmental concerns but also positions Brazil as a reliable and
efficient supplier capable of meeting the EU's increasing demand for sustainable biofuels.

Moreover, the exportation of advanced biofuels from Brazil holds a distinct advantage in terms of contributing to the
EU's decarbonization targets, as the production of biofuels from waste biomass inherently circumvents concerns
related to landuse changeand competition with food crops, addressing key sustainability criteria set by the EU for
imported biofuels. This aligns seamlessly with the EU's commitment to reducing the carbon intensity of its
transportation sector, providing a strategic and eeiendly solution to meet its renewable energy targets.

Nevertheless, for the produced biofuels to be eligible for the mandatory European market, several regulatory
reqguirements must be met, including the systembds compl
used biomass feedstock, specificatis for the process energy inputs, among others. These requirements shall also

affect the process potential of being certified as a sustainable fuel, which influences its capability of being
commercialized in Europe.

Considering the above, the present document seeks to provide key insights to Mele and GIZ in their feasibility analysis
of a syncrude production plant from waste biomass sources, presenting a comprehensive understanding of the
process characteristics thahust be present to align with both regulatory and certification requirements for the
exportation of the product to the EU, as well as an overview of the current market status of this kind of fuel.
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3.2 Objectives and Scope

3.2.1 Objectives of the service

The consulting service seeks to describe the applicable regulatory framework that affects the development of a
syncrude production value chain in Brazil, aiming for the product exportation to the European market. Additionally,

it is expected to identify tb most suitable certification schemes to be implemented in the syncrude process,
considering objective oft aker mar kets and the c¢clientds | ocation, in
kind of projects.

3.2.2 Scope of the service

The regulatory analysis comprises a study of the current European regulations and initiatives that present a direct
effect in the syncrude production process, evaluating the design requirements that must be complied for the product
to qualify as a commerail sustainable fuel in the European Union.

The certification scheme assessment identifies the currently available certification systems that can be applied to the
production of syncrude from biomass sources, prioritizing those that can be implemented in Brazilian territory. Once
selected, the cerfication schemes are classified according with specific criteria to be defined within the report.

Available funding mechanisms for the biomadssed syncrude will be described, including the specific requirements
that are needed for the obtention of funding that can affect the process design.

3.3 Process description

3.3.1 General context

As part of the International Hydrogen RampJp Program (H2Uppp), that seeks to promote the implementation of

renewable H2 and Poweto-X projects in developing countries, GIZ has engaged, as a public partner, in a public
private cooperation project (PPP)ahg with the German company Mele, with the objective of developing a syncrude
production plant fed by biogenic residues.

The syncrude product is intended to be subsequently exported to the European Union (in particular Germany), as a
feedstock for the production of sustainable aviation fuels (SAF), which is expected to progressively replace
conventional fossil fuels in thev@ation sector. In the definition of its regulatory framework, the EU establishes specific
emissions savings requirements for biofuels that must be met for them to contribute to the decarbonization targets
of the Member States, and that may determine theay emissions, feedstock and other technical aspects are handled
within the productive process. Prior to analyzing the effects of the regulation in the syncrude value chain, it is
important to have an understanding of the predefined process to identify th@ain streams that participate and the
potential emissions effluents that may be present. In the following section, the proposed value chain and its potential
modifications are described.

3.3.2 Description of potential value chains

The biomethane input required for the synthesis of syncrude is planned to be provided from agricultural residues
(specifically pig manure), to then be converted in a steam methane reforming unit into syngas (H2/CO). The carbon
content of the syngasisadmt ed t hrough the inclusion of an adiabatic
technology, reutilizing the carbon dioxide flow obtained from the biogas source. After the previous stage, remaining
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water and carbon dioxide are removed from the mainstream, which is finally introduced in a Fis€ha@psch reactor
where syncrude is finally synthesized. A simplified diagram of the described value chain can be found below:

co,

\
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CH, (fuel) Tail gas (fuel)

CH Syncrude
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Biogas source B'Dg as Steam ReShift™ Fischer-Tropsch
(pig manure) upgrading reformer process plant
— Water — Syncrude
Electricity — i
— Hydrogen —
-— JC
-— as (Hy/CO) _— Direct GHG emission

Figure3-1Simplified process flow diagram for syncrude production. Source: Hinicio.

Along with the previous design, two additional modifications are being considered to optimize the process yield and
integrate output streams. The first variation consists of incorporating a recycle stream that recirculates a fraction of
the produced syncrdle, feeding the SMR reactor after a preeeatment process. The other evaluated modification
consists in using part of the carbon dioxide emissions from the syngas treatment unit to produce additional carbon
monoxide in a reverse water gas shift reactor whiwould also utilize a renewable hydrogen stream. Both possible
additions can be found in the following value chain representation:

Pre-ref
reactor
Steam
CH, [fuel) .Ll CO, \ Tail gas (fuel)
CH, ::’ vl H;."‘ "‘-.- Syncrude
= .—’ 43 *>—> p——————
S, N P
Biogas source B'“Q‘-‘_‘ Steam ReShiff™ Syngas Fischer-Tropsch
(pig manure) upgrading cO, reformer process treatment plant
poi/. Eec % ) Hy I| CO,
i ; ! ————————p _..
e N -
N PEM . RWGS reactor
Y. I Electrolysis
“IN H:0
-R I ——01p  Water ——— Syncrude
enewable R t Electricity +—— Carbondioxide
energy < % ) — Hydrogen +——  Steam
- +—» Biogas Co-product
Water source e—— Syngas (Hy/CO] __—+  Direct GHG emission

Figure3-2 Simplified process flow diagram for syncrude productierwith modifications. Source: Hinicio.

As will be explained in the next chapter, the inclusion of a renewable hydrogen stream can make a significant impact
in the range ofregulation that can be applied to the process design, as it has the potential to comply with Renewable

Fuel of NonBiological Origin (RFNBO) guidelines.
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3.4 European Union Regulation Assessment

The project being analyzed seeks to generate syncrude from agricultural waste, specifically pig manure, with the
intention of exporting it to the European Union for use as a feedstock to produce sustainable aviation fuel (SAF).

The regulations overseeing this project are closely related to the intended applications and the target market of the
product. Therefore, this section provides a detailed mapping and analysis of the most relevant regulations, with
emphasis on those specifito the European market. These regulations are crucial as they predominantly dictate the
requirements imposed on the project.

Firstly, as the organiorigin syncrude will be exported to Europe, it falls under the horizon of Directive (EU)
2018/2004 (RED lI) for biofuels. Specifically, according to this regulation, the product is classified as advanced biofuel
(detailed further in the subsequent chapter), thereby centering on the RED Il regulation for this specific advanced
product. Additionally, cosidering the objective of using this product as a feedstock for SAF in Europe, the analysis
extends to both European regulations (REFuel aviation EU regulation) and international standards (CORSIA and ASTM
D7566) governing this product's use.

If there is an injection of renewable hydrogen in the project, and a desire to enter the RFNBO market with this portion
of the syncrude production, it is necessary to comply with the European requirements and standards established for
them (Directive (EU2018/2001 (RED II) for RFNBO). Hence, a detailed analysis of these regulations is included.

Finally, the regulation under development in Brazil (Projeto de Lei 2308/23) is included as it would directly affect the
project due to its geographic location.

3.4.1 Relevant regulation analysis
3.4.1.1 Directive (EU) 2018/20@1RED II): Advanced biofuels regulation

Regulatory framework

The Renewable Energy Directive (RED II) determines the mandatory renewable energy consumption objective for
each Member State of the EU, setting a minimum share of 32% of renewable energy sources (RES) by 2030. This
target will be further increasedinthd i r ect i veds revision (RED I111) that wupoc
42.5% (with an indicative target of 45%).

Within the RED Il regulation, different definitions of fuels produced from biomass sources are established based on
their application and physical form. The definitions presented in the regulation are the followitjg

A Biomass fuelsGaseous and solid fuels from biomass sources
A Biofuels:Liquid fuels from biomass used for the transport sector
* Advanced biofuelsBiofuels made from waste and residues (ndaod/feed crop feedstockd)
A BioliquidsiLiquid fuels from biomass used for other energy purposes such as electricity, heating and cooling.
For the transport sector, RED Il defines a greenhouse gas intensity reduction of 13%, where the contribution of
advanced biofuels shall be at least 2.2% by 2030.

4 Directive (EU) 2018/20010f the European Parliamaisb known as the Renewable Energy Directive (REDIred into force in December 2018,
as part of the Clean energy for all Eur op e amrsnewrbles &nd,gnere braadlynhelging & t ma
to meet its emissions reduction commitments under the Paris Agreement.

5 Specific feedstocks under the category of waste and residues can be found in part B of Annex IX of Directive (EU) 2018/2001
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Additionally, the production and use of fuels from biomass sources must comply with a respective emissions savings
depending on their application. In particular:

1 Bioliquids must achieve 70% level of emissions savfngsmpared to a fossil fuel comparator of 183
gC0Oeg/MJ in case they are used for electricity generation, and 80 g@€@MJ if they are utilized for the
production of useful heat;

91 Biofuels and biomass fuels must achieve a 65% emissions savings compared to a fossibfophrator of
94 gCGeq/MJ.

To demonstrate that a given biofuel complies with their required carbon intensity reduction, the emissions associated
with its full lifecycle must be calculated through a specific methodology detailed in the RED Il regulation.

According with the mentioned methodology, the emissions from the production and use of biofuels can be obtained
through three different optiong[1}

1. If the emissions from carbon stock changes caused by laisé change are equal or less than zero, default values

for the Greenhouse Gases (GHG) emissions savings included in Annex VI of Directive (EU) 2018/2011 can be used
directly. The values are defad for different production pathways, where several fuels are associated with a specific
feedstock.

2. An actual valuécan be calculated by introducing the proper factors in the following expression:

00 Q0 QO QO Q Q9 Q (1)
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According with the methodology, all emissions must be reported in units of gCO2/MJ, and they shall be handled
through a massbalance chain of custody. Additionally, emissions associated with the manufacture of machinery and
equipment should not be considexd.

3. Disaggregated default values listed in Part C of Annex VI of Directive (EU) 2018/2011 can be implemented for some
of the factors of the formula from option 2.

For options 2. and 3., once the total emissions from the biofuel value chain are calculated, the respective emissions
savings associated with it are calculated as follows:

6 This value shall increase to 80% from 2026.
"The regulation uses the term o0actual val 1)enétead af the defauk values mcluded mthe ot al e
RED Il annex.
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YOULTQE OF0 (2)
Where'O are the emissions from the respective fossil fuslmparator.
Emissions from the extraction of raw material@ () should include inputs from the following aspects:
The extraction process
Collection, drying, transport and storage of raw materials

Waste and leakages
Upstream emissions fromproducts utilized in the extraction process

= =4 -4 A

When actual values cannot be obtained, it is allowed to calculate averages based on local farming practices, as well
as using official databases such as RenovdB#dditionally, the regulation itself presents disaggregated values of
emissions for different feedstocks depending on their extraction method, which can also be utilized for this input.

The emissions associated with carbon stock changes due to laisé change Q) must be included when the biomass
sources are provided from feed crops, cultivated over land that previously possessed a-bighon stock, such as
wetlands, forests or peatlands. If the biomass sources come from waste and residues, no emissions feompii
shall be considered.

Emissions from processin@X) must consider the following items:

Direct emissions from the process itself (e.g. fuel combustion)
Waste and leakages

Upstream emissions of products used in the process
Upstream emissions from fossil fuels used in the process
Upstream emissions from the electricity supply

=A =4 -4 -4 -4

If the electricity supply comes from renewable sources such as solar, wind, geothermal or hydro sources, no emissions
shall be considered. In case the electricity is supplied from the grid, average emission intensity values can be used as
input.

Emissions from transport and distribution of the fuéD() shall include the contribution of emissions released during
the ground transportation and shipping of the fuel from the production site to the engse location. The emissions
from the fuel enduse {Q) are considered to be zero in the case of biofuels and bioliquids.

If soil carbon is proved to be increased from an improved agriculture management, due to erofation, the use of
organic soil improves (e.g. compost) or other good practices, associated emissions can be discounted from the total
value as part of the’ Q ) input.

In a similar manner, emissions avoided due to their carbon capture and stora@e ) (that have not been previously
included in'Q) can also be removed from the total emissions value. The same applies to carbon emissions that are
captured and use as replacement for a carbon source in a process that is otherwise fed by-fesséld carbon input

Q).

8 Instituted by Law 13.576/2017, the Brazilian National Biofuel Policy (RenovaBio) recognizes the strategic rolefeatrabafuBodiesel,
biomethane, biokerosene for aviation and others) in the Brazilian energy matrix with regard to it ¢orgribrgy security, the predictability of
market and the mitigation of greenhouse gas emissions (GHG) in the fuel sector.
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Besides CQ@ emissions from other GHG gases must be considered, specifical Ahd CH, for which conversion
values to CQ equivalence shall be implemented based on their Global Warming Potential (GWP) over ay&an
time horizon. These values are shown in the table below:

Table3-1CO2 equivalence values for all considered greenhouse gases.

Greenhouse gas GWRw[gCOeq/g]

CQo, 1
N,O 298
CH, 25

Another important aspect of the GHG emissions calculation methodology, that must be taken into account, is the
allocation of emissions upon the presence of garoducts in any given process stage. In case the previous is observed,
the emissions up to the aalysed process output must be divided between the main product and the rest of co
products in proportion to their energy content, which is defined by their lower heating value in case theoaducts

do not correspond to excess electricity or heat. No ersisns shall be allocated to wastes and residues.

Besides the requirements regarding the handling of the process emissions, additional sustainability criteria for the
use of agricultural biomasare outlined, which have the objective of maintaining soil quality and protecting the
biodiversity of the territory.

Further elaborating with the above, any biofuel, bioliquid or biomass fuel produced from agricultural biomass (even
if they correspond to wastes and residues) can be eligible for contributing towards the RES shares and emissions

reduction targets from theEU regulation provided that national authorities have either monitoring or management
plans to address the impact on soil quality and soil carbon from the extraction of the biomass source.

Along with the previous, the use of biomass sources shall only be considered for the compliance of the EU
decarbonization and RES shares targets if they are extracted from areas that did not have the following status during

or before 2008, whether they maitain this status or not:

Primary forest and other wooded land (i.e. native forest where ecological process have not been disturbed and no
clear sign of human activity is present)

Forests where a higtbiodiversity level has been proven by a relevant competent authority

Areas designated for nature protection purposes; the protection rare, threatened or endangered species or
ecosystems

Highly biodiverse grassland that can be considered speei@h by a relevant competent authority
Wetlands (i.e. land that remains covered by water permanently or during a significant part of the year

Peatlands or other land with higftarbon stock

°The regul ation defines odagricultural biomass6 as nzesomass material ¢
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Other requirements for the protection of soifuality related to the extraction of forest biomass include the
implementation of laws that oversee practices of harvesting operation; land regeneration; protection of wetlands and
peatlands; among others.

Impact on the process design

To comply with the RED Il regulation, the assessed synchpigeluction process shall achieve a 65% emissions savings
compared to a fossil fuel comparator of 94 gCO2/MJ, as in this case, the final-asd of the fuel as feedstock for
SAF production and its biomass source coming from pig manure, make it part of dawanced biofuel category.

Considering biogas as the primary feedstock of the process, the emissions associated with the extraction of raw
materials A ) can be obtained from the disaggregated value of biomethane production from wet manure included

in part D. of Annex VI of the Directive (EU) 2018/2011. The specialized tool RenovaCalcTM, within the RenovaBio
national program can also be utilized for defing this input.

Given that pig manure is considered a biomass waste source, no emissions associated with carbon stock changes
due to land-use changesA) need to be considered in the total emissions calculation.

For the calculation of emissions from processing J, the items detailed in the previous regulatory framework must
be evaluated. From the information received in the conceptual design of biogas conversion to syncfgis noted
that a fraction of biomethane before the SMR reactor and a tail gas stream from the Fisdfrepsch process are
used as fuel, for which they should be considered as-pooducts. This is relevant as these streams shall be subject
to allocation, relucing the emissions associated to the final product.

From the same conceptual process flow diagram provided by Niras, a CO2 emission output is released in the syngas
treatment stage prior to entering the FT reactor. These emissions should also be counted as part ok tivgut.
Based on the preliminary calculations, it is observed that the inclusion of a renewable hydrogen input and the addition
of a RWGS reactor, reduce considerably the contribution of these emissions to the carbon intensity of the product,
thus it wouldrepresent an advantage for complying with the regulation in case these modifications are implemented.

In case a renewable hydrogen stream is included as part of the process energy inputs, a share of the final product
can be considered as RFNBO, provided that the specific requirements from the RED Il regulation for this kind of fuels
is also complied. Thepecific conditions for meeting the RFNBO aspects of the RED Il regulation will be explained in
detailed in a later section.

Considering that the final product is expected to be exported to Europe, the emissions from the shipping of the fuel
from Brazil to the final destination must be included in the input. Depending on the transportation mode adopted
for the distribution of the fuel from the production plant to the port, additional emissions may also need to be added.

If the biogas feedstock is obtained from the anaerobic digestion of the manure, an emission discoui®HCO2/MJ
can be included in the total emissions calculation as part of the input. No emissions from the biofuel endise
(A) shall be considered for this specific product.

Finally, it is important to ensure that the sustainability criteria described in the previous section, regarding the

protection of soil quality and biodiversity protection is met at the extraction and treatment of biogas from the pig
manure source.
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3.4.1.2 REFuel Aviation EU
Regulatoryframework

The regulation of the European Parliament and of the Council on ensuring a level playing field for sustainable air
transport (REFuel Aviation EU), is established as part of the Fit to 55 package that seeks a reduction of GHG emissions
in the EU of at leasb5% compared to 1990 by 2030.

The REFuel Aviation EU regulation aims to contribute with the previous objective, by setting mandatory targets of
SAF distribution to fuel suppliers, to ensure that a minimum percentage of the intake of civil transport aviation comes
from synthetic aviatio fuel (e SAF), recycled carbon aviation fuels and aviation biofuels {8#&F). For the production

of the latter, the regulation excludes the use of food and feed crops as raw materials, limiting the range of eligible
feedstocks to wastes and residues; yiglg on the Directive (EU) 2018/2001 for their definition, aligning with what is
described in part B of Annex Xl of RED II. Along with the above, the REFuel Aviation EU also obliges to comply with
the emissions savings thresholds established by the REDrIbynthetic aviation fuels (70%) and aviation biofuels
(65%).

The mandatory shares that must be available at civil airports of the EU, will increase progressively from 2025 to 2050,
as presented in the following diagram:

70%
42%
34%
20% ‘
6%

. 7 Fheo
Minimum share of - = =
supply of sustainable —
aviation fuels (in %) L— I

2025 2030 2035 2040 2045 2050

Figure3-3 Minimum shares of SAF supply at airports from the EU [3]

Besides establishing the minimum shares of SAF that must be available at EU airports up to 2050, the REFuel Aviation
EU also includes additional provisions for the effective implementation of SAF as an alternative for aviation fuels.
Among these measuresthe regulation obliges EU airports to guarantee the presence of specialized infrastructure
with the capability of delivering, storing and refuelling SAF.

Additionally, all aircraft operators must ensure that at least 90% of their refuelling takes place within the EU territory,
in order to avoid fuel tankering practices, where more fuel than is needed to reach the destination is loaded at places
with cheaperprices, which causes the aircraft to carry extra weight, that translates into unnecessary GHG emissions

3]
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Impact on the process design

In terms of the syncrude value chain, the REFAglation does not present any major effects on the definition of the
process design, besides what it is already established in the RED Il regulation. Nevertheless, this regulation provides
certainties regarding the future demand of SAF in the EU, as thandatory shares that will progressively increase

within the territory will generate new markets that present an opportunity for the introduction of bioméssed
fuels.

3.4.1.3 Carbon Offsetting and Reduction Scheme for International Aviaig6ORSIA)
Regulatory framework

During 2016, the International Civil Aviation Organization (ICAO), put in place this scheme with the objective of
achieving a carbonneutral growth of international flights to avoid the increase of the contribution of the aviation
sector in global CO2 emisions. CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation) is one
of several measures promoted by ICAO to work towards its aspirational goal of neto carbon emissions by 2050,
which also include the improvement of aircraft techragly and standards, more efficient air traffic management and
the development of sustainable aviation fuel4].

CORSIA works by establishing a baseline defined by the reported emissions oftB0E8&ch airplane operator (AO),
must monitor, report and verify its emissions to each member State, which checks if the CO2 emissions from the AOs
remain below the defined baseline (from 2024, the baseline will be defined at 85% of the emissions in 2019). A
diagram of the emissions reduction targets from CORSIA can be found in the following diagram:

@ Operational Improvements
@ Aircraft Technology v
CORSIA @ @

(2019 level) (incl. CORSIA Eligible Fuels)

Basket of Measures

Carbon Neutral Growth*

International Aviation Net CO2 Emissions (Mt)

(85% of 2019 level)
COVID-19 * CORSIA baseline emissions: 100% of 2019 level for 2021-2023;
impact — and 85% of 2019 level from 2024 onwards

Figure3-4 CORSIA contribution for reducing CO2 emissions from international flights [4]

In case the baseline is exceeded, offsetting requirements are set for the cancellation of those additional emissions.
Member States must ensure the compliance of these offsetting requirements every three years.

10]nitially the emissions average between 2019 and 2020 was set as the baseline, nevertheless, as the pandemftigiustdetadfettiaring 2020,
it was agreed to consider only emissions from 2019.
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The offsetting requirements are calculated each year by multiplying the annual CO2 emissions from the AO that are
subject to offsetting requirements (emissions savings from the use of sustainable aviation fuels and lower carbon
aviation fueldlare deducted the final value of CO2 emissions to be offset) and a sectorial growth factor that is
calculated by ICAO every year from compiling all data from the member states.

Offsetting requirements are canceled with the purchase of emissions units, which are associated with GHG emissions
reduction programs. The emissions units can be traded among member States of CORSIA to facilitate the
development of decarbonization measureglobally. For an emissions reduction/removal program to be eligible as a
source of emissions units, ICAO defines specific criteria that must be met by the programs that share common
principles with other certification standards, includifig]:

The emissions unit must comffom a GHG emissions reduction or removal that is not part of a businessusual
activity. The offset must also be permanent and irreversible, and it should not generate an increase in emissions
elsewhere.

The quantification of the GHG reduction or removal must be made by comparing the offsetting with a previously
determined baseline that represents the emissions that should have taken place without the emissions reduction
program. The emissions reductionsumst be quantified through accurate mechanisms, validated by official protocols
and audited by a thirdparty.

The programs shall demonstrate that they have specific procedures implemented for tracking emissions, avoiding
double-counting.

The emissions units program should not have a negative effect over environmental and social aspects of the member
State.

The scheme has been implemented in three phases: a pilot phase from 2021 to 2023, a first phase from 2024 to 2026
and a second phase from 2027 to 2035. The participation of States during the pilot and first phase is voluntary,
whereas from the second phasell States with a share of international aviation activity in 2018 over 0.5% of total
activity must enforce the compliance of CORSIA to airplane operators (AO) that operate in tf@mStates from

Least Developed Countries, Small Island Developing States and Landlocked Developing Countries are exempt of
participating in CORSIA unless they decide to be included voluntarily. A map of the status of different States regarding
CORSIA can bseen below:

1L owercarbon aviation fuels are only accepted as option until the end of 2023.
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Figure3-5 Map with the CORSIA status of countries worldwide [6]

All AOs, regardless of their participation in CORSIA, must monitor, record and verify (MRV). CO2 emissions must be
monitored using one of the five eligible methods for fuel use measurement. Alternatively, ICAO also allows for the
use of its CORSIA CO2 gsfition and Reporting Tool (CERT) which can be accessed from the ICAO Corsia website
[4] [4] [4]. The same monitoring method must be implemented throughout they&ar compliance period.

Only flights that come from or are headed to a member State are subject to offsetting requirements in addition to
MRV. This routeébased approach is explained in the following diagram:
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Figure3-6 CORSIA routebased approach for offsetting requirements definition [4].

As mentioned above, the offsetting requirements are calculated after discounting benefits associated with the use of
eligible fuels. To achieve this reduction in the final offsetting requirements value to be canceled through emissions
units at the end of he compliance period, the utilized fuels must comply with several sustainability criteria established
by ICAO [7]. A summary of these criteria can be found in Annex 1: CORSIA sustainability criteria for sustainable
aviation fuel produced by a certified sygier.

Impact on the process design

As presated in Figure 5: Map with the CORSIA status of countries worldwide most States from the EU are
participating in CORSIA (or they will be in the next phase), therefore the production and use of SAF that complies
with the additional sustainability criteria from CORS(besides what is established by RED Il) will play a key role in
decreasing the offsetting requirements of AOs that must operate between member states of the EU.

While the current process design should not present major challenges in complying with the sustainability criteria as
its main feedstock comes from a waste biomass source, a revision of some specific principles should be revised to
check potential risks biere fixing the process design, especially those that address environmental and social aspects

that are not specifically covered by the RED II, such as requirements related to water, air, human and labor rights,
social development, etc.

3.4.1.4 Standard Specification for Aviation Turbine Fuel Containing Synthesized Hydrocal{ai3iM D7566)

Regulatory framework
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At present, the most widely utilized standards for verifying the compliance of conventional jet fuel for its use in
aircrafts are the DEF STAN-91 (UK Defense Standard) and the ASTAID1655 (Standard Specification for Aviation
Turbine Fuels), with the latter setting requirements for several criteria such as composition, volatility, fluidity,
combustion, thermal stability, additives, among oth€ls].

To avoid the need of redesigning engines, aircrafts and fuel delivery systems for the use of sustainable aviation fuels,
it is required that these present the same qualities as conventional jet fuel to work as a-Ginogeplacement; in
general, SAF can béaded into an aircraft up to a blending limit that depends on its chemical composition, which
can vary according with its production pathway and the characteristics of the fuel feedstock. Unlike conventional Jet
A or JetAl kerosene, SAF lacks some olefand aromatics that are needed to a certain le@8to ensure proper seal
swelling used for leaks preventioj].

The standard that regulates the technical certification of SAF is the ASTM D7566, which defines the specific production
pathways that can be used for SAF production and the maximum blending limit for each of them. Once blended with
conventional jet fuel, 8F can be regarded as regular turbine fuel under ASTM D1655.

There are currently nine production pathways approved by the ASTM D7566 for SAF production. A summary of their
main characteristics, required feedstocks and blending limits canfbund in the following table:

Table3-2 SAF production pathways certified by the ASTM D7566 [8](extracted from [8])

Maximum

: . . Approved
Production pathway Typical feedstock | blending orr:p v
limit (%V/V)
FischesTropsch (FT) Carbonbased 50% 2009 ASTM — D7566
biomass Annex 1
Hydrotreated Ester and Fatty Acid| . ASTM  D7566
Oil-based feedstock] 50% 2011
(HEFA) Irhasedieeasiock S Annex 2
Synthetized iseparaffins (SIP) L!gnoceIIuIOSIC 10% 2014 ASTM D7566
biomass Annex 3
FischefTropsch Synthetic
Paraffinic Kerosene with Aromatid t()liirra)zrs‘rsbased 50% 2015 25:21 4 D7566
(FFSKA)
Alcohol or sugar 0 ASTM  D7566
Alcohol (Isobutanol) to Jet (ATJ) based feedstock 50% 2016 Annex 5
Alcohol or sugar 0 ASTM  D7566
Alcohol (Ethanol) to Jet (ATJ) based feedstock 50% 2018 Annex 5
: _ Algae, te oil, oi ASTM  D7566
Catalytic Hydrothermolysis (CH) | ~3ac» Waste Ol O 5oy, 2020
plant Annex 6
HydrocarbonHydroprocessed 0 ASTM D7566
Esters and Fatty Acids (HBEFA) Algae 10% 2020 Annex 7
i =
Fats, O|.Is, and Grease (FOG)-C Oil-based feedstockl 5% 2018 ASTM D165E
processing Annex Al
. _ Carbonbased ASTM D165E
FischerTropsch CeProcessing .ar onbase 5% 2020 S
biomass Annex Al

12ASTM: American Society for Testing Materials
13 ess than 25% as higher percentages are not desirable for internal combustion.
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Impact onthe process design

Considering that the final goal of the exported product is to serve as feedstock for SAF production, it is important to
ensure that the proposed production pathway is included among the certified routes by the ASTM D7566. This aspect
should be covered in e case of syncrude as this product is synthesized through a Fischepsch (FT) process.

Alternatively, a methanol pathway is also being studied as an alternative to syncrude for the product to be exported
from Brazil. The subsequent conversion to SAF would need the implementation of a methémderosene (MTK)
production route. Methanoitto-kerosene technology has been gaining momentum as it has the potential of being
less costly than FT, as well as presenting a higher selectivity towards SAF produ6fioadditionally, given that
methanol can be transported and stored in liquid form, it allows to decouple the production of methanol feedstock
from the MTK production plant, whereas the FT route requires for the synthesis of syngas to take place at the same
location.

Nevertheless, as shown ifiable 32, this SAF production pathway has not been certified yet by the ASTM as a valid
alternative for aircraft fueling. Moreover, its technology readiness level (TRigriently at 45 (pilot scale), therefore
further development of the technology is required to achieve the ASTM certification. Despite the above, as MTK
projects and specialized OEMs continue to increase, this production pathway is expected to receiveShe1 D7566
certification in a short to medium-term, potentially enabling its industrial implementation at the planned COD of the
present export project, nevertheless, the exact dateline for this approval remains unclear as of the completion of the
presentreport.

3.4.1.5 Directive (EU) 2018/20@1(RED Il Art. 280): RFNBO regulation

Regulatory Framework

The criteria for ensuring a product's eligibility as a Renewable Fuel of Non Biological Origin (RFNBOQO) in the European
market, are outlined in RED Il Art. 280 and the two Delegated Acts within the Directive. These criteria primarily
focus on two aspectsthe CO; emissions associated with the process and the requirements for the energy source for
H> production.

These requirements are relatively complex and among the most demanding on an international level, especially
concerning temporal and geographical correlation, as well as the additionality criterion (RED Il A©8025Meeting
these criteria may only be gtifiable when targeting this specific market and receiving an appropriate premium to
offset the associated effort.

In the European RFNBO mandated market, the energy source must be-halogical and renewable. Additionally,
to be RED Il compliant, it needs to achieve a GHG savings of at least 70% compared to the Fossil Fuel Comparator,
defined as 94 gCQGeq/MJ.

In terms of the energy source, it is not just about its renewable nature but also about meeting specific requirements.
In the case whereelectricity is sourced from the grid, outside of a Power Purchase Agreement (PRPA)ust meet
the following criteria:

1 The electricity is consumed during an imbalance settlement during which powenerating facilities using

renewable energy sources were downward redispatcheshd the electricity consumed is reducing the need
for redispatching by a corresponding amount.
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1 Consumption takes place in a bidding zone withore than 90% of RES in the previous calendar yeand
electrolyzer capacity factor does not exceed RESGfice the 90% threshold is reached, it will be considered
fulfilled for 5 years.

On the other hand, if renewable electricity is procured througine or severalPower Purchase Agreements (PPAs)
the total amount of electricity must be at least equal to the claimed renewable electricity, and must meet the criteria
of additionality, geographical correlation and temporal correlation. Alternatively, if the economic operator owning
the renewable enegy production asset is the same entity producing the fuel, there is no need to establish a Power
Purchase Agreement (PPA), but the electricityopided must also comply with these three attributes. The criteria for
additionality, geographical correlation, and temporabcrelation are described below:

Table3-3 Attributes required to be recognized as RFNBO under Directive (EU) 2018/2q&ED Il Art. 2880) [1] [1]

Attributes for RFNBO Definition

1 The renewable electricity plant used to produce hydrogen must have
started producing no more than 36 months prior to the electrolyzer
Commercial Operation Date.

0 Exceptions: repowered RES plants when repowering investments
exceeds 30% of the original investment.

1 and the installation generating the electricity must not have received
CAPEX or OPEX support (unless fully repaid).

AR 0 Exceptions: support for land and grid connection; and

Projects commissioned before 01.01.2028 will benefit from the transitional

rules until 01.01.2038.

The additionality is ¥ootwhreerceuitrheed

intensity of electricity is below 18 gCO2eq/MJ. Once the 18 gC0O2eqg/MJ

threshold is reached, it will be considered fulfilled for the subsequent five

calendar years (after that period, it needs to be demonstrated again).

1 The electricity from the PPAs is consumed within the same hour by |
electrolyzer (from 1.1.20230 onwards; before that, monthly):

9 or the electricity from the PPAs is stored behirttie-meter within the same

Geographical correlation hour;

9 or the electricity from the PPAs is consumed when the clearing price
electricity resulting from singledag head mar ket coup

zoned6, is O 20 0O/ MWh orallo@an, 36 x
T The RES installation and the ele
1 or the RES installation and the electrolyzarr e i n nei ght

zones O anahead friee onl they RES installation side is equal
hi gher than the price on the ele
T or the RES installation is in an
the obidding zoneod of the electr

Temporal correlation

14Geographic zone where market participants (generators and consumers) can exchange enetigpaitttongr@geallocation of generating plant
capacity to be producddp]
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Given that RED Il requires a MaBmlance chain of custody system, it involves accounting for emissions from-Well
to-Wheel (up to the point of consumption) and tracking attributes throughout the entire supply chain.

In terms of the participation of RFNBOs in the European markbg RED Iifregulation establishes specific binding
targets for this kind of fuels in the transport and industry sector, with a respective minimum contribution of 2.2% and
50% by 2030.

Regarding the emissions limit of RFNBO productidhe RED Il regulation establishes a minimum emissions savings
threshold of 70% respect to a fossil fuel comparator of 94 g@®J, after considering the full lifecycle of the fuel.
Equivalent to the GHG emissions calculation of biofuel production, the regulation defines a specific methodology for
the measurement of the carbon intensity of the RFNBO, covering its value chain froratedity generation to the

end use of the fuel. All details from the methodogy for assessing GHG emissions from RFNBO are defined in the
Commission Delegated Regulation (EU) 2023/1185, published in February of 20323

The GHG emissions associated with RFNBOs haueetoalculated by the following expression:
0O Q Q Q Q Q (3)
Where:

O 0 ¢ OQBOQI | "Weé &B’NO | LEMQO TAD QL U'QO Qa
0 QQadi ONEQUAN Q& Qi | WE&do N f e N 0°Qd QD U'QO Qa
QQa G JAMI | WeéEEa O I'QE YHAG QA Qo6 Qa
Q1 QU Qi | WEBEQUARD 6°Qd QFd U'Q0 Qa
QQw 6 QQa Qi { We&as RivQ® QI VOBIAQQO 0" QFH QHD U'Q6 Q&
Q4 Qi { WEER ¢ OQi "NANDAd U'Q6 Qa
Q6 Qi | WEEAT Ve i QERQI 01 QIOBDOIAD Q0 Q&
Q6 Qi | WE&E ¢ 06 | GHIXDD WMHQFAE i MB QHD U'QO Qo
Q& Qi | WESAO L ORIBDDT WEGEN 0O 8 WQE & € TQNE & BN HD U'Q6 Q&

In a similar manner as the GHG emissions calculation methodology for biofuels, all emissions must be reported in
units of gCQ/MJ. Once the total emissions from the use of the fu&)(are calculated, the emissions savings of the
RFNBO value chain shall be determined using equatigi? ).

Impact on theprocess design
0] Electricity generation criteria

In the context of exporting H to European marketsunderstanding the concept of the "bidding zone'$ crucial, as it
relates to specific attributes required by RED II, such as geographical and temporal correlation, and additionality. As
of now, there is no consensus or notification from the European Commission on how this concept will be applied to
other countries like Brazil.

However, based on the European definition of a Bidding Zdhe geographical area where energy redispatching
can be avoidedfi certain deductions can guide decisions for ensuring that the project is RED Il compliance.
Redispatch can occur due to congestion in the transmission grid, because of overloads in different elements (lines,

15RED llI presents updated values from the presented in the RED Il regulation.
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transformers, etc.). Therefore@nsuring no power congestion and ample transmission capacity between renewable
assets and the electrolyzer could align with the Bidding Zone definition.

To apply this definition to the Brazilian context, it is essential to analyze the operation of the Brazilian Interconnected
System (SIN) and determine when this connection would align with this requirement.

(In GHG emissions calculation of the process

As mentioned in the previous section, the total emissions from an RFNBO full lifecycle are calculated through equation

(3):

0 Q0 Q Q Q Q (3)

Delving deeper into the components of the emission calculation formula, it is important to understand how each
input applies to the hydrogen value chain to properly determine the total amount of emissions of a specific hydrogen
production process.

The emissions from the supply of inputs (e_i) are definedddgstic and rigid inputsandi nput s® exi sti ng
with the elastic representing those whose supply can be increased to meet additional demand (e.g. renewable
electricity). Rigid inputs are more present in recycled carbon fuel production pathways in which, for example, exhaust
gases from operating industal processes are captured and reutilized to produce a fuel.

Emissions from existing use or fate (e_{ese)), in turn, refer to CO2 emissions that are avoided after incorporating
them into the produced fuel. In the case of hydrogen, the latter emission input is not relevant, however, it can be
present when produaig other derivatives that require a CO2 source.

Electricity supplied to the electrolysis process that qualifies as renewable according with the requirements previously
mentioned, will be considered to have zero GHG emissions. On the contrary, if some of the consumed electricity
comes from a grid supphthat does not fulfill the requirements to be classified as fully renewable, the carbon intensity
associated to this input is calculated as follows [10]:

60 ———(4)

Where:

Q 60 QR 6 QL Qa @ 60D Qo IQIQEHIPAD QO QA
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The respective calculations of the two previous factors are determined as presented below:

Q B @ X (5)

Where:
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Both upstream and fuel combustion emission factors are listed in the emissions calculation methodology defined
within the Delegated Act (that complements what it is established in the RED lI), including the contribution from non
CO2 gases, more specifidgl CH4 and NO2, which have to be expressed in terms of CO2eq by using their respective
Global Warming Potential over the 10@ear time horizon . In the case of electricity produced from the combustion
of biomass fuels, CO2 emissions are not considered R4 and N20O emissions must be accounted for. The specific
values for emissions of other fuels can be found ANNEX 2 Default upstream and stationary combustion emissions
of different fuels (Extracted from [10])

On the other hand, for determining the net electricity production, electrical consumption in the respective power
plant and potential pump storage must be discounted from gross electricity generation, as presented in the following
expression:

On the other hand, for determining the net electricity production, electrical consumption in the respective power
plant and potential pump storage must be discounted from gross electricity generation, as presented in the following
expression:

(0] (6] (0] (6] (6)

Where:

O M ERIQRO Q) Q6 @O AOUQE ¢

O NE o0 'Q:Qéx (0] 60~b i) Q&' @O GEXE)"@EVER D OO ©
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For the obtention of electricity production and fuel consumption data, the IBAEnergy Statistics Data Browseis
recommended as a source for the required data for the calculation of the carbon intensity of electricity consumed
from the grid. Officialnational data sources can also be used provided that they present the same level of detail as
the statistics reported by IEA.

Other relevant elastic inputs to be considered in the production of electrolytic hydrogen include:
1 upstream emissions from water supply for the electrolyzer operation and cooling requirements,
1 emissions originating from electrical consumption and fuel consumption of water intake, treatment, and
distribution.

Regarding emissions from processingg(), these must include direct emissions from the process itself, waste
treatment and leakages. In the case of hydrogen production through electrolysis, this input should not be relevant
as no GHG emissions are released in the process.

Emissions related to the transport and distributiogg{s of hydrogen (or other derivatives) should include emissions
from the storage and distribution of the end products. This implies the inclusion of emissions associated with the
storage, shipping, and transport of hydrogen (or other derivatives) to the fisahsumption gate.

According to the emissions calculation methodology defined within the Delegated Act, the emissions from
combustion of the fuel at it®end-use fg,) are those released by the fuel after its combustion at the final consumption
gate. For hydrogen applications, no GHG emissions are presented when combusting or using this gas.

16 An example for the Brazilian case can be fouhtdpat//www.iea.org/datandstatistics/dat#ools/energystatisticalata
browser?country=BRAZIL&fuel=Energy%20supply&indicator=ElecGenByFuel
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Once the total emissions are determined, the GHG emissisavings from the respective RFNBO product in
comparison to the defined fossil fuel comparator are calculated as below:

YOO Qe "W OFTO (7)
Where:

O 0 ¢ 0QadQi | WEEADN 1 € QO &)3(5 BV QIMY 00 6
O 0 € 0QadQi | "WE&AN'QE | IQEODE 6 ) Wi @FERAE F0 0

If the savings level reaches the required 70% reduction, the fuel complies with the emission limit to be eligible for the
European mandatory RFNBO market.

Another important aspect defined in the emissions calculation methodology within the Delegated Act refers to the
allocation of emissions within the electrolysis proceAs oxygen is ceproduced along hydrogen, emissions up to

the electrolyzer output should be allocated between hydrogen and oxygen in cases where oxygen is subsequently
used as an input of an additional process or sold in the market this case, given that oxygen does not present any
energy content, the emissions should be handled througiconomic allocation

The economic value to be considered corresponds to the average factgate cost of each product over the last
three years or, alternatively, it can be estimated from commodity prices (discounting costs from transport and storage).
In case oxygen is vented to the atmospherall emissions must be allocated to hydrogen.

In case hydrogen is produced by a combination of fully renewable electricity and an additional energy input that
does not qualify with the RED Il requiremengs.g. electricity from biomass combustion), the share of hydrogen
output that can be considered as RFNBO will be determined by dividing the fully renewable energy input by the total
relevant energy inputs that enter the process. The aforementioned camdde implemented in case other hydrogen
derivatives are produced from a mixture of energy inputs.

0] Inclusion of a renewable hydrogen input

According with the methodology for GHG emissions calculations described in the Commission Delegated Regulation
2023/1185 (Delegated Actg)10] the inclusion of a renewable hydrogen streamto the process allows to consider a
share of the product as RFNBO, provided that the hydrogen input complies with both the emissions savings threshold
and the electricity generation criteria, outlined in the RED Il regulation.

To define the share of product that qualifies as RFNBO, the renewable energy inputs that comply with RED I
requirements must be divided by the total relevant energy inputs, thus the final share of RFNBO product will be
defined proportionally to the energycontent from renewable energy inputs that is included in the final product. Other
inputs without energy content are only considered for emissions calculation purposes. A graphic representation of
this mechanism is presented in the following diagram:
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Share of renewable fuel = relevant renewable energy input / total relevant energy input
Relevant Energy Input: energy input contributing to the energy content of the product

Spiitting of the batchinto sub-batches from each
Relevant Energy Input  SEESEL Energy Source (ES)

ey HX/(X+Y) (1)
¥ (MWh] Production Device N
I Product from ES 2 N OY/X+Y) (1)

Total GHG emissions
E=za*X+b*Y+c*l
Emission factorc

Figure 3-7 Graphic representation of the definition of shares of renewable fuel in a process with multiple relevant
energy inputs (Source: Hinicio)

The relevant energy content from material inputs correspond to the lower heativgue of the component that is
introduced into the molecular structure of the product. For electricity inputs that are supplied to enhance the heating
value of the fuel or intermediate products, the relevant energy corresponds to the energy of such etgtri

For the analyzed process, the share of product that will be eligible for the mandatory European market will rely on
the contribution from the renewable hydrogen input with respect to the total relevant energy inputs that should also
include the hydrogen iput from biomass sources.

3.4.1.6 Brazilian bill of law regulating the production of legarbon hydrogen

Last but not least, it is considered essential to mention the Brazilian Chamber bill that has been proposed and recently
succeeded in its initial stage. This bill of law regulates the production of-kavbon hydrogen in Brazil, while
simultaneously estaishes a voluntary certification system and federal tax incentives. The Bill of law 2308/23 is
currently in the process of being submitted to the Senate.

The bill of law proposes that hydrogen should be considered lasarbon if, within the production process lifecycle,

its carbon emission results in an initial value equal to or lower than 4 kilograms of carbon dioxide equivalent per
kilogram of hydrogen praluced (4 kgCOZ2eq/kgH?2). It is expected that this value will need to be progressively
reduced starting from December 31, 2030.

Furthermore, the bill of law defines renewable hydrogen as deriving from renewable sources, encompassing solar,
wind, hydro, biomass, biogas, biomethane, landfill gas, geothermal, tidal, and oceanic sources. As time progresses,
the incentives outlined inhe bill of law are intended to gradually shift towards supporting renewable hydrogen
(instead of lowcarbon hydrogen).

In regards to the production of lowcarbon hydrogen and related activities such as processing, treatment,
exportation, storage, and commercialization of le@arbon hydrogen, these activities will fall under the jurisdiction of
the National Agency of Petr@lum, Natural Gas, and Biofuels (ANP). The ANP will be responsible for granting
authorization for these activities, with priority given to hydrogegroducing companies in processing these requests
[11]

Given that this regulation oversees the production of legarbon hydrogen in Brazil, close attention needs to be
paid to its progress and the requirements it imposes, since it can directly influence in the project.
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3.5 Certification systems assessment

3.5.1 Context of the analysis

When determining the certification system for a particular project, it is crucial to begin by identifying the target market
for which the system will be utilized. This enables adherence to its specific requirements, facilitating the product
commercializatbn within that market. This approach helps capture the added value of the product effectively.

Within the global framework of emerging low carbon fuels certification, these systems align with diverse motivations
depending on the project's intended market. They might encompass voluntary certificatiggrimarily for
informational purposes, or mandatay certification to meet regulatory standards As a result, certificates serve as
evidence of adherence to predefined product criteria in both voluntary and mandatory markets, defined as follows
(seltdefined; Hinicio, 2023):

Voluntary Markets: These markets rely on voluntary information disclosure by their actors, primarily driven by
corporate social responsibility (CSR) or marketing purposes. Certificates are used to demonstrate compliance with
voluntarily established (nomrmandatory/regulatory) requirements, as seen in the Energy Guarantees of Origin (GO)
markets for energy in Europe.

Mandatory Markets: These markets use certificates to demonstrate compliance with defined regulatory
requirements/standards for the respective geographic market. They aim to ensure legal conformity of products or

production processes with the specified stdard(s), access potential incentives within legislative frameworks, and

receive premium prices for products. In this case, certification systems under regulated markets must mirror the
regulations to ensure full compliance with their requirements.

As mentioned in previous chapters, the project under review involves exporting advanced biofuels (such as syncrude
or bio-methanol) to the mandatory European market for the production of Sustainable Aviation Fuel (SAF). Hence, it
must align with the reguldons of this market, obtaining certification under systems recognized by each of the
regulations governing it.

When exporting this biofuel to the European market, it is necessary for it to be aligned with various requirements
outlined in the RED Il Directive (EU) 2018/2001 regulation, which governs biofuels, bioliquids, and biomass
consumption within the European klon.

Moreover, considering these biofuels intended use in producing Sustainable Aviation Fuel (SAF), it is crucial to
incorporate into the analysis the regulations concerning this end product, as they could significantly impact the
upstream project design. Th&AF production process should comply with the Standard Specification for Aviation
Turbine Fuel Containing Synthesized Hydrocarbons (ASTM D7566), and if assuming the consumption of SAF within
Europe, adherence to the REFuel Aviation EU regulation might dlsmecessary.

Finally, if the project involves the integration of renewable hydrogen in its production process, the renewable portion
of the fuel produced must only align with the RED II Directive (EU) 2018/2001 AB®%hat includes specifications
for Renewable Fuslof NonBiological Origin (RFNBOSs).

Meanwhile, CORSIA is an additional regulation that might or might not impact the project, depending on the
preferences of the offtaker. CORSIA is an international voluntary initiative that establishes various emission targets
for operators of aircraft babnging to participating member states, aiming to become mandatory by 2027 in most
countries. CORSIA offers various pathways to meet emission targets, with one primary alternative being the utilization
of Sustainable Aviation Fuel (SAF) that complies whtl sustainability criteria set forth by CORSIA. If the wafikers of

the Sustainable Aviation Fuel (SAF) intended for delivery to European countries wish to utilize it as a method for
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achieving carbon emissions offsetting set by CORSIA, it would additionally be necessary for this product to align with
the requirements imposed under this scheme. This applies to both parts of the production: the biofuel that complies
with both RED Il andREFuel Aviation regulation, as well as the RFNBO portion of the production that fulfills RED I
requirements for RFNBO.

The Brazilian law and the standard currently under development in Brazil for-tmwbon hydrogen have been
included in this report, accompanied by a brief analysis since it is very incipient.

To identify the certification systems applicable to the project according to the aforementioned regulations, an analysis
is conducted on existing certification systems globally, in alignment with each of the four applicable regulations.

The certification systems ensuring compliance with the REFuel Aviation EU certification are the same as those for
biofuels under RED I, as the latter regulation requires adherence to RED Il requirements. Even that the CORSIA and
ASTM certification do notneed to be acquired before product exportation, and hence might fall beyond the
producer's scope, they are included in the analysis as an internal preliminary validation, to ensure subsequent
compliance with their requirements and posgxport certificationof SAF.

3.56.2 Overview of the certification process

The aforementioned regulations that apply to the project require the tracking of attributes throughout the hydrogen
supply chain, implementing a Mass Balance chaificustody model.

When the Mass Balance model is applied, the certificate must be traded along with the product, and tracking of all
economic operatord 7throughout the chain must occur. Below is the detailed process and lifecycle of certificates
according to this model.

Firstly, each economic operator (EO) must undergo an initial audit (certification audit), in whimfce it is verified

that the respective actor complies with the certification system requirement$ey receive a certificate from the
certification body,based on the corresponding audit (the certificate has a previously determined validity period and
is issued for a specific quantity/product per year). A recertification audit is necessary once the initial audit certificate
has expired.

Subsequentl vy, each economic operator can 1issue their
statements made by economic operators based on the certificates issued by the certification body, stating the
conformity with the requirements of &pecific quantity of raw materials or fuels ("batch").

These Sustainability Proofs are used by economic operators to transmit information related to GHG emissions and
the batch's sustainability, according to their respective scope in the chain, and are transmitted from one economic
operator to another along wih the physical product. Therefore, the Sustainability Proof of a downstream economic
operator in the production process will consider the previous Sustainability Proof and related emissions. Based on
this information, the next economic operator will issu@eir own Sustainability Proof, ensuring that tracking and
certification occur throughout the entire chain.

The Sustainability Proof issued by the last economic operator holds actual value from the consumer perspective as it
consolidates information related to the entire chain (all previous steps, in this context). Similarly, those economic

17This term refers to a producer of raw material, a collector of waste and residues, an operator of installationsvpratessinigtefinal fuels or
intermediate products, an operator of installations producing energy (electricityr beating), or any other operator, including storage facilities or
traders that are in physical possession of raw material or fuels, provided that they process information on theandsaaeathilituse gas emissions
saving characteristics of thos& materials or fugk6]
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operators subject to the regulation (e.g., in the case of REfuel aviation regulation, the fuel suppliers) require this final
SoP to demonstrate compliance with the regulation, as they contain all the information about a specific volume,
allowing for accourting and ensuring compliance with the consumption targets for that product.

3.5.3 Relevant certification analysis

Information was gathered from public sources on various certification systems, and a comparative evaluation was
conducted on key aspects of the certification systems that address each of the previous analyzed regulations. This
analysis aims to determine hmost suitable certification system according to the project needs.

To provide this recommendation, three primary criteria will be assessed: the attributes covered by each certification
system, its presence and experience in Brazil (including the existence of certification bodies under the system within
the country), and he simplicity of implementation across the entire project.

When conducting attribute analysis, the process involved standardizing the attributes identified in all the certification
systems (in order for them to be comparable), and grouping them into 11 categories: GHG reduction and accounting
methodology, Feedstok Origin, Biodiversity Conservation, Soil Conservation, Sustainable Water, Air Quality,
Community Development, Social Aspects, Labor Conditions, Compliance with Laws and International Treaties, and
Continuous Improvement. A definition for each of these egjories was established in Annex 3, based on the
definitions provided by the RSB certification system, which delves more deeply into its attributes. It is worth noting
that the first attribute, related to emission reduction and the emission accounting naethlogy within certification
systems, aligns entirely with the regulation it aims to comply with. Hence, the definitions for these aspects were not
reiterated but are explicitly detailed in previous chapters for each regulation.

The following chapters provide a breakdown of the certification systems according to the corresponding regulations.
Each chapter covers the systems recognized and approved to certify under each certification or group of
certifications. In the analysis wemnsidered only those systems that meet the project's requirements: covering
agricultural residues as feedstock (since animal manure is included in this category), encompassing the entire supply
chain, and aligning with the geographic area of interest &il for production and Europe for the target market).

3.5.3.1 Directive (EU) 2018/20@1RED II): Advanced biofuels and REFuel Aviation EU regulations

The analyzed project focuses on exporting advanced biofuels to Europe, thus being subject to the regulations for
biofuels, bioliquids, and biomass fuels under RED II. Additionally, as the product will be used as feedstock for SAF
production, ensuring fulcompliance with the requirements in the European Union upstream of the production point

for this type of product is essential. Therefore, the project under study is also required to adhere to the European
regulation REFuel Aviation EU. This latter regulatstipulates that SAF must comply with the same requirements as
those set by RED Il for biofuels, bioliquids, and biomass if produced from organic material, so the certification systems
to be analyzed aimed at meeting RED |l criteria for this type of puntks.

Accordingly, the table below provides the details of different certification systems that comply with Directive (EU)
2018/2001 (RED II) for Advanced biofuels, considering only those relevant to the specific project. Systems not covering
the project's conglered raw material or geographical scope were excluded despite recognition by the European
Commission (e.g., BONSUCRO EU certification system exclusively covers sugarcane derivative fuels and TASCC
certification system only applies in the United Kingddd®).
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Table3-4 RED Il (Directive (EU) 2018/2001) certification systems overview

Elements

Certification

Type of feedstock
covered

Geographic
scope

Experience iBrazil
(certified projects)

systems

International
Sustainability and
Carbon
Certification (ISCQ
EU) [13] [14] [15]

Agricultural
biomass, wastes
and residues.

Global

Yes. Five (6
projects in Brazil
have been
certified under this
system.

Certification
bodies/auditors

in Brazil

Green Domus, IBC
Certificag0es, SC¢

global, SGS, Contro
Union, Dekra, Bureat
Beritas, Tuv Rheinald

[16] TUV SUD
Biomass  Biofueld Agricultural Yes Two (2 Bureau Vertias
voluntary scheme| biomass, wasteg Global ro'écts in Brazil Certification, Control
(2BSvs)17] and residues. pro] " | Union
Rountable of| Agricultural
Sustainable biomass, wastes Yes. Only one (1
Biofuels EU REI and residues| Global ro'éct inyBraziI SGS and SCS global
(RSB EU REDIS] | (forest biomass is proJ '
[19] excluded)
. All EU member
Agricultural
. states and .
biomass selected Bureau Veritas, Conto
. (excluding  high e Union Certifications,
B | UC risk ET(‘::;';S Belare No Dekra, DQS, SGS, Tt
feedstocks), waste Norwa ’ RUSSI Rheinald, TUV SUD
and residues Y, i
and Canada

18 Although this certification system may not apply to the analysis in terms of geographical scope, it is decidechtmnetimsiieles due to its

widespread use across Europe, use of auditors with coverage in Brazil and since it is in the pgrtées édrédee EU RFNBO market.
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Four certification systems have been identified and recognized by the European Commission to certify biofuels under
the RED Il regulation (Directive (EU) 2018/2001): ISCC EU, RSB EU RED, REDCert EU, and 2BSvs.

All of these certification systems encompass hydrogen production derived from agricultural residues within their
scope, making the projectds feedstock eligible for com
manure and recognized as magricultural residue. To verify under these schemes the type of raw material used,

and its status as a genuine residue, it is required to ensure traceability of the feedstocks back to their origin

throughout the entire chain of custody. Each system presge a similar methodology or pathway that need to be

followed to ensure these requirements for the feedstock are met. An example of the procedure to guarantee the

origin of the feedstock is shown in

ANNEX3: ASSESSMENT STEPS TO DETERMINE FEEDSTOCK QUALIFICATION UNDER ISCC EU

Simultaneously, they all have a global scope and have certified projects in Brazil under their respective certification
systems, except for the REDCert system, which currently covers only a specific list of countries. However, it was
included in the analyis because certain auditors operating under this system have a presence in Brazil (so certification
for a project in Brazil should not have major complications). Also, this system is in the process of approval for the
RFNBO market, which could facilitateplementation if targeting both marketsbiofuels and RFNBOat the same

time.

Once the attributes were standardized, identification was made regarding those requirements present in the RED |l

regulations for biofuels and which attributes were verified by the various certification systems under study (marked
with an 'X"). The synthéged information is presented in the table below.

Table3-5 RED Il (Directive (EU) 2018/2001) certification systems attributes analy23][13

. ISCC ElL2BSvs |RSB ELl REDcert
Attributes RED I[1] [13] [17] RED[18] EU[20]
GHG reduction and accounting methodology X X X X X
Feedstock origin X X X X X
Biodiversity Conservation
Biodiversity X X X X X
High conservation valueareas X X X X X
Soil Conservation
Sail protection X X X X X
Waste management X X X
Sustainable Water
Water rights X
Water quality X X
Efficient use of water X
Community Development
Increase in energy access X
Local economic development and employment X
Local professional skills training and education X
Social aspects
Human rights X
Land right issues X
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. ISCC El 2BSvs RSB El REDcert
Attributes RED I[1] [13] [17] RED[18] EU[20]

Labor conditions

Working conditions / ILO conventions X X
Health and safety X X
Compliance with Laws and International Treaties X X
Continous improvement X X

From the previous analysis, it can be inferred that the ISCC EU, 2BSvs, and REDCert certification systems primarily
demonstrate compliance with the attributes required by RED II, based on CO2 emission requirements and land
maintenance and protection, as deribed in chapter 4.1.1. Some of them also aim to exhibit other attributes, such as
water quality in the case of REDCert, although these are considered secondary attributes. Meanwhile, the RSB EU
RED certification system integrates numerous extra socia anvironmental sustainability attributes, encompassing
aspects like water usage, air quality, social considerations, human labor, and others. These attributes are inherent to
the RSB certification, which are applied across all its certification systems.

While these added attributes might bring benefits by triggering positive social and environmental externalities in
Brazil, encompassing important topics in the country such as human and labor rights and air quality, they can also
involve significant cost$or the project if total compliance is sought. The more attributes required for certification,
especially the more stringent they are, the more complex and costly the production of-lcavbon/renewable H2
products becomes, widening the price gap with Busss as Usual (BaU) options even further. Finally, there is a lot of
uncertainty about whether market prices will be sufficient to cover the production costs of these special sustainable
products.

However, it is deemed relevant to analyze this system since it has an equivalent for Sustainable Aviation Fuel (SAF)
certification. This could once again facilitate a future certification process for this derivative if required, and
consequently its entrynto the European market.

3.5.3.2 Carbon Offsetting and Reduction Scheme for International AviaigGORSIA)

The CORSIA scheme is an initiative aimed at harmonizing international Aviation Fuel requirements. Currently, it
operates as a voluntary market but intends to transition to mandatory market at global level starting in 2027.

As previously explained, the necessity to certify this product under CORSIA depends on the preferences of the off
taker to use the productive batch to comply with CORSIA carbon offset targets. Of course, this decision must be
accompanied by a decision fronthe producer regarding entry into this market. Currently, there is a certain level of
uncertainty regarding the alignment of requirements for Sustainable Aviation Fuel (SAF) mandated by CORSIA with
those the product must also meet in Europe, such as RHFAgiation standards. Additionally, CORSIA's SAF
requirements are stringent in terms of social and environmental sustainability, and as explained before with RSB
system, this could potentially imply higher costs and risks from the project's perspectivethireason, it is deemed
crucial to conduct analysis on this aspect and make the decisions before deciding to certify the SAF produced under
CORSIA.

The table below summarizes publicly available information presented by both certification systems:
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Table3-6 CORSIA certification systems overview

Elements
Certification

Type of
feedstock

covered

Geographic
scope

Scope of attributes

Experience
Brazil

Certification
bodies/auditors
in Brazil

systems

Under this certification

system, there are two
accessible certifications:

ISCC CORSIA
Operators must
demonstrate
Agricultural compliance with the two Green  Domus,
' ICAO CORSIA IBD Certificagbes
forestry,

aquaculture

sustainability criteria of

Yes. Four (4) SAl

SCS global, SG¢<

ISCC CORSI/ and fisheries Global greenhouse gases ang projects certified| Control  Union,
[21][21] raw carbon stock, this latter in Brazil under| Dekra, Bureau
Materials and prohibiFing biomags this scheme Berit_as, Tuv
residues extraction from land with Rheinald, TUV
high value content SUD
ISCC CORSIA PLUS:
additionally includes
social and
environmental
sustainability
requirements.
Under this certification
system, there are two
accessible certifications:
CORSIA certificatior The certification
only (not RSB)| system has been
Agricultural, Operators must| involved in
forestry and demonstrate certifying  other
RSB CORSI) pro.cessing compliance with the two| products in Brazil, Bureeu .Vertias
[22] residues, and Global ICAO CORSIA yet there haven't| Certification,
wastes, by sustainability criterig been any SAF Control Union

products and

(greenhouse gases anc

projects certified

co-products. carbon stock). in Brazil under
RSB CORSI; this particular
certification:Additionally | scheme.
includes the inherent
RSB sustainabilit
criteria.

According to this information, if this regulation becomes mandatory starting in 2027, and the project commences
operations after 2024 deciding to enter the CORSIA market, the product should adhere to the latter category and
comply with the social and envinmental sustainability requirements outlined within it. When analyzing these
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certification systems, it is observed that both schemes operate similarly: they propose one type of certification based
on the basic requirements of CORSIA for eligible fuels and an additional "special” certification for CORSIA sustainable
fuels includingextra social and environmental sustainability criteria. This aligns with the specifications outlined in the
regulation: on one side, the batches €@ORSIA eligible fuel produced before January 1 2024ye to align only with

two sustainability criteria (greenhouse gases requirements and conservation of specific areas with value content);
while on the other side, multiple additional social and environmental sustainability attributes are included tdbatc

of CORSIA sustainable aviation fuel produced after January 1 2024.

At the same time, both analyzed certification systems cover the project's feedstock and have a global reach, certifying
through specific auditors present in Brazil. However, it's noteworthy that only ISCC has conducted SAF project
certifications in the coutry thus far.

For the analysis of the respective attributes, the same approach as in the previous regulation was employed,
standardizing the attributes according to the same categories presented, and indicating which of them are present
in both the regulationand the certification systems.

Table3-7 CORSIA certification systems attributes analysisZ2]L

ISCC RSB

CORSIA CORSIA | CORSIA
GHG reduction and accounting methodology X X X
Feedstock origin X X X
Biodiversity Conservation
Biodiversity X+ X+ X+
High conservation values areas X X X
Soil Conservation
Sail protection X+ X+ X+
Waste management X+ X+ X+
Sustainable Water
Water rights X+ X+ X+
Water quality X+ X+ X+
Efficient use of water X+ X+ X+
Air quality
Air pollution X+ X+ X+
Community Development
Increase in energy access X+
Local economic development and employment X+ X+ X+
Local professional skills training and education X+
Social aspects
Human rights X+ X+ X+
Land right issues X+ X+ X+
Labor conditions
Working conditions / ILO conventions X+ X+ X+
Health and safety X+ X+
Compliance with Laws and International Treaties X+ X+
Continous improvement X+ X+
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From the presented information, it is evidenced that ISCC offersadality with fewer requirements, even in the ISCC
CORSIA PLUS certification, focusing on criteria mandated by the CORSIA standard. Additionally, this certification
system only demands compliance with 3 '"MUST" attributes (GHG, high conservation values,aagd biodiversity
conservation), while only a 60% of the remaining requirements, labeled as 'MINOR MUSTS,' need to be met. In
contrast, the RSB certification system once again encompasses all the inherent requirements within its framework, as
also outlired in the RSB biofuel certification system.

Furthermore, under both approaches of ISCC CORSIA certification system, there is a fundamental requirement

i mposed specifically on agricultural residues (which i
residues may not occur at theexpense of the soil nutrient balance, soil organic matter balance, or important
traditional uses (such as fodder, natural fertilizer, material, or local fuel), unless similar or better alternatives are
available [2lhd appliedo

This attribute necessitates a comprehensive analysis concerning the project, particularly if this certification system is
selected. For instance, if the biogenic material (such as pig manure) presently serves as a fertilizer or fulfills another
specific rde within the area, its utilization could potentially impact the project. This situation demands the exploration

of alternative methods to address these potential impacts.

Finally, it is crucial to stay informed about how these certification systems and the ones that comply with REFuel
aviation regulation, will adapt or integrate in the future according to market evolutions.

3.5.3.3 Standard Specification for Aviation Turbine Fuel Containing Synthesized Hydrocadl{&sIM D7566)

ASTM D7566 stands as the established standard governing the technical certification of SAF (Sustainable Aviation
Fuel). It assesses the technologies suitable for producingspecification neat SAF under specific circumstances and
characteristics, certifyg them based on its defined requirements and circumstances. Therefore, this standard is the
only option available for certifying the project under these international requiremef28].

3.5.3.4 Directive(EU) 2018/200a (RED II): RFNBO regulation

Assuming thatpart of the hydrogen injected into the project is RFNBO compliant, meaning it meets the requirements

and implications imposed by RED Il (Art.-3®) described in chapter 4.1.5, certification systems that works under this
regulation should be applied. Attte moment, there are no certification systems recognized by the European
Commission (EC) to certify that a product is compliant with the requirements imposed by RED Il for RFNBOs.
Nevertheless, three certification system drafts have been identified that still under EC review (expected to be
validated during S1/2024): ISCC RFNBO, REDCert RFNBO, and CertifHy RFNBO. The first two certification systems are
adaptations of their biofuel versions, aiming to meet the required criteria for RFNBOs, while thef@grsystem was
specifically designed for this market.

Currently, there are no globally certified projects under these systems; they are instead in the process of developing
certification pilots. It has been noted that CertifHy also offers a qmertification process, assessing projects and their
alignment wih RED Il regulations, aiming to address easfage aspects that do not comply with the objectives, thus
reducing risks associated to the project.

The table below summarizes the key aspects of the public information identified for each certification system:
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Table3-8 RED Il Art. 2880 (RFNBO) certification systems breakdown

Elements / Certification Geographic Experience in Brazicertified Certification

systems scope projects)

bodies/auditors
in Brazil

The certification system ha
been involved in certifying
other products in Brazil, yel
there haven't been any SAF
projects certified in Brazi
under this particular schemes

Green Domus, IBD
Certificagbes, SCS globa
SGS, Control Union, Dekre
Bureau Beritas, Tuy
Rheinald, TUV SUD

ISCC EU (extension of th
scope to also RFNBOs an| Only EU
RCF)16]

Bureau Veritas, Conto
Union Certifications, Dekra
DQS, SGS, Tuv Rheinal

REDcert EU (extension (
the scope to also RFNBO| Only EU No
and RCFJ]20]

TUV SUD
Only EU. They
. are starting one TUV SUD and Bureal
CertifHy RFNB@24] pilot outside EU No Veritas

(Oman)

Since it is an emerging market with a high level of uncertainty, due to the constantly evolving regulation and market
context, there is not abundant public information about these certification systems. Each system is in process to be
recognized by the Euspean Commission with its own designed certification scheme aiming to be pioneer in the
market.

Nonetheless, the system boundaries and emission accounting methodologies of these systems must align with the
RED Il guidelines for RFNBOs to be applicable in this market. Additionally, the minimum attribute requirements must
also be included, covering théhree key aspects of additionality, geographical, and temporal correlation. At this time,
no additional attributes have been identified that are considered by any of these systems, adhering solely to those
attributes required by the regulation. Based orvailable public information, the most significant difference between
the components of the presented certification systems, lies in their governance structures and the involved
stakeholders.

In terms of regional presence and coverage, all schemes exclusively cover Europe. However, the ISCC system stands
out as the sole one that, through its other certification systems (such as those for biofuels and CORSIA), has a presence
in Brazil. Nonethelss, all systems engage auditors operating within Brazil, making their implementation in the country
less complex. It is noteworthy that, while ISCC is the only system present in Brazil, CertifHy RFNBO may be the most
advanced as it is conducting a pilot dside the European Union, validating its attributes and their translation in a
different region. This leads to the belief that it could potentially hold greater credibility in certifying RFNBO products

at present.

3.5.3.,5 Brazilianbill of law regulating the production of lowarbon hydrogen

The Brazilian Chamber bill of law sets out requirements and attributes to be met by producers ofdarbon
hydrogen in Brazil, directly impacting the project and its design. This document under Senate analysis also proposes
a 'Brazilian standard' to ceffiy low-carbon hydrogen, which will oversee the verification of lesarbon hydrogen
production in Brazil, based on the requirements set by the government. This instrument is also the responsible of
defining the methodology for greenhouse gas emissions acauability, the production process stages covered by
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the certification system (certification boundary), criteria for certificate suspension or revocation, information
concerning negative emissions, and adaptable mechanisms in cases of temporary hydrogen specification deviations.

Therefore, it is recommended to stay informed and alert to any updates regarding this certification standard, given
that the project must be aligned with theses aspects and requirements, ensuring compliance with what defined by
the chamber bill.

Furthermore, the regulatory authority is anticipated to create mechanisms for aligning with international hydrogen
certification standards and potentially establish guidelines for recognizing certificates issued abroad. Hence, if this
certification managesto align with international requirements and even secures recognition from the European
Commission under the respective regulations, it might be possible to avoid some of the previously mentioned
certifications, and to obtain only one certification thatilwbe equivalent in both markets. This could present an optimal
scenario for the project, potentially saving significant resources in the certification processes.

Due to this certification standard being under review with no additional information, no further elaboration is
provided at this stage. It is recommended to conduct a more detailed analysis once the standard has been developed
and accepted in its entirety.

3.5.3.6 Certification conclusion antkcommendations

Deciding on a certification system entails significant complexity, particularly in the face of an uncertain regulatory
landscape and project requirements. At this stage of project development, the focus extends beyond mere
certification, being essential tgrioritize continuous monitoring and deep understanding of the target market
regulations that the project aims to engage with.

In this context, evaluating various possibilities and strategies for project certification becomes crucial.

For a product solely targeting the European RED II regulation for advanced biofuels (for biofuels and SAF markets),
excluding the CORSIA market, it is advisable to consider certifications that offer simpler requirement frameworks,
easing product productionand future certification. This approach is recommended because there is no guarantee
that there will be a market price that justifies compliance with all the social and environmental sustainability criteria
proposed by the more complex certification systes. Systems like ISCC EU, 2BSvs, and REDcert align with this
approach. Among these systems, ISCC EU stands out due to its extensive experience and presence in Brazil.
Moreover, ISCC EU covers all the regulations analyzed through its diverse certificatpatentially streamlining
certification implementation by maintaining consistent interaction with the same institution and stakeholders.

In the event that CORSIA SAF regulations become internationally mandatory, and the producer aims to supply an
off-taker looking to enter this CORSIA SAF market, early certification and verification of compliance with the CORSIA
requirements become crucialThis guarantees future SAF effikers that the product could be commercialized in
accordance with this international standard. Therefore, utilizing RSB EU certification for advanced biofuels is advisable,
since it is the only scheme that allows coveragéadditional sustainability criteria similar to those of CORSIA SAF in
the project's early stages (before exporting to Europe for SAF production). The RSB EU certification scheme, despite
its complexity, is the only scheme that covers biofuels under RErlladvanced biofuels and Aviation REFuel
regulation, and also likely facilitates subsequent certification under CORSIA.

However, if CORSIA is not mandatory or its requirements are less stringent, the strategy might lean towards
maintaining certifications with minimal demands to reduce certification complexity and associated costs. In such a
scenario, ISCC for biofuels coulaijain be advisable due to its regional presence, adaptability to various contexts,
and the crosscutting simplicity it offers across regulations.
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In the case the project includes RFNBO requirements for a portion for the fuel to be produced, since the certification
systems are even more uncertain, with no certification recognized yet to operate in this market under the RFNBO
regulation, the recommendtion is way much complex. In this context, ISCC RFNBO stands out for its presence in
Brazil and its applicability also in both biofuels and CORSIA markets. However, the possibility that CertifHy might be
more advanced and perform better due to its currentarket evolution requires constant monitoring for a final
decision.

Lastly, it is advised to stay informed about the progress and development of both the Brazilian bill of law and the
certification standard they are developing, as these could potentially alter the project landscape and the choice of
certification systems.

To conclude, the optimal certification strategy heavily relies on regulation evolution and application, as well as the
adaptability and scope of different certifications during these changes. Remaining attentive and flexible, closely
observing regulatory ad market evolutions, is crucial for making informed and strategic certification decisions when
necessary.

3.6 Available funding opportunities

A review of available funding opportunities for the development of syncrude production projects was conducted.
The review included identifying specific eligibility requirements to obtain approval from respective financial
institutions, as well as other penttial barriers or recommendations to obtain the funding acquisition.

3.6.1 Overview of the available funding opportunities

For this task, a mapping of potential funding opportunities for biofuels or SAF was conducted, primarily covering two
geographical areas: Brazil, recognized as the site for biofuel production, and Europe, as both the site for production
and final consumpibn of SAF.

Throughout the informationgathering process, it became evident that no funding system entirely matched the
criteria and conditions of the project. Consequently, a more comprehensive mapping was carried out, encompassing
not only applicable funds but alsdhose available in other countries or those that might not entirely align with the
project. However, in cases where specific project modifications were required to qualify for the funds (e.qg., altering
the final product, involving specific partners, or chging the project's target market), this information was included.

Additionally, funds were included regardless of whether they had reached their closing date, since it has been
observed that many of these funds consistently reopen for future opportunities. Therefore, it is believed to be crucial
to have a clear understating of those that could remain relevant and stay alert to their updates.

A comprehensive table was created to consolidate information on each funding opportunity, capturing essential data

points for the evaluation. This compilation included specific scopes or objectives, application deadlines, and their
relevance or compatiblity with the analyzed project.
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Table3-9 Fundding opportunities mapped for the project [281].

Funding Coverage bo::;ltl Project 8&2?329/ Comments Mele applicability
Opportunity rate/budget dates

Funding The

program Innovation

supporting Fund

projects focuses on

Loer tIt:)e me ihr:ggelative Creating a

ploy - 60% of .| partnershipwith
nt of net- . technologie | .
eligible costs bioSAF producer
: zero and N s and ;

Innovation innovative 0 40 b n| (regulargrants) flaashi located in the EU
Fund [25] technoloai (2020 - 100% of 2022/2023 rg'ectz would enable
[25] 9 2023) eligible costs p. J. application to

es . within the i .

. (competitive financial schemes
provided bidding) European | \hlished by the
by the 9 Unionthat | PUPisned by

. Innovation Fund.
revenues can bring
of the EU about
Emissions significant
Trading emission
System. reductions.
The
programme
facilitates
collaboratio
Developm
n and
ent of
strengthens
smart . . .
the impact | Applicants eligible
concepts
of research | for the program
of .
. and includeEU and
integrated . . .
. innovation non-EU countries
Horizon energy . .
. . in (Brazil not
Europe driven bio- . .
. September | developing, | included). A
Framework refineries . L
- . 2024 supporting, | partnershipwith
Programme | for co- a7 mil- .
. to January | and bioSAF producer
(HORIZON @ | production . . ;
2025 implementin | located inany of
Clesoes of EU these countries
03)[261126] | advanced g =Y
. policies would enable
biofuels, . o
bio- while application to the
. tackling funding.
chemicals,
global
and
. . challengesl
biomateria
s t supports
knowledge
and
technologie
S.
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Funding Coverane :))::rz!tl Project gr:)z?rl]ng/ Comments  Mele applicability
Opportunity J . rate/budget oo
i
Innovation
i and
projects -
leading to gasification
con of biomass
reduction is an eligible | The funding does
by 2030 source of not apply directly
o);ny for. renewable | to the Mele
technologi April 2023 energy and | project, but its
esthatare | 030 M to August | dualifies purpose of
HER+ [27]| . e for 06 mill 2023?or under the reducing costs of
27] o | 202312024 | per grant Sopaiooos | HERY. technologies
SDE++ round round Waste is not | could
The . yet an economically
urpose is eligible affectthe
ltoo rzduce source development of
the cost of under the | the project
these SDE++, but
technologi this will likely
es furthe? change in
' 2023/2024.
Funding for
3 types of
For studies:
I feasibility,
feasibility _
or environment
i al and
environme et
gial sty studies.
innovative 6 programs | The funding is
ilot lines intended only for
i?ldu’strial April 2023 / available, partnerships with
TSE Industy .~ - 1020 m o a0sy | INCluding | atleast 1 Dutch
Studied tion for 02 mi | | (fOI’ other CO- enterprise, thus a
tender [28] roiect or 2023/2024 | per project 2023/2024 reducing partnership with a
[28] ?ullj round round) measures Dutch company
dezlek, and would enable the
techno::) hydrogen acquirement of
; and green | the funding.
y that help _
reduce chemistry.
CO; Requires a
emission partnership,
before one of the
companies
2050, must be
able to
apply the
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Funding Coverage :))::;2!: Project 8{:;?:;9/ Comments Mele applicability
Opportunity rate/budget dates
results
directly.
Subsidies
for pilot
projects,
demonstra
tion Modality:
projects First come
including first serve.
large-scale 3 program
demonstra lines
tion and available: As the subsidy is
DE+: _roIIout (_)f ) July Production | issued by the
innovative | 040 m of Netherlands, a
Hydrogen . . . 2024/June o
technologi | for 015 mi |l hydrogen, partnership with a
and Green . 2023 (for
: esfor 2023/2024 | per project Transport Dutch company
chemistry . 2023/2024
sustainable| round and storage | would enable the
[29] round) )
hydrogen of hydrogen | acquirement of
(projects carriers and | the funding.
must be use of
new to the hydrogen
Netherlan (carriers)
ds) and and green
test and electrons
experimen
t
infrastruct
ure.
Programm 2022: #tcall | The initiative
e driving develops
- nd
thE.: e.nergy 2023: 2 two The funding is not
efficiency call programs . .
directly applicable
and the (Clean .
L EU o to the project, but
emissions . 2025: Calls | Aviation .
. Funding: it will favour the
reduction | for Programm
Clean al.7b . development of
L of future expression | and Clean -
Aviation [30] . - . Clean Aviation
aircraft . of interest Sky 2), both
[30] . Private e Fuels such as
Aimed to . may be aiming to . .
Funding: . . bioSAF. fostering
develop N considered | drive the )
| >02. 4 this market and
technologi for energy .

. possible syncrude
es and demo prep/ | efficiency off-takers
enablers, build and the '
leverage phase emissions
essential reduction of
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. Overall . Opening/ Comments Mele applicabili
Funding Coverage b:dget Project CI‘:)sirllgg PRCEE
Opportuni rate/budget

PP vy 9 dates
knowledge 2026-2027: | future
and Further calls | aircraft,
capabilities developing
, and de cleaner air
risk the transport
identified technologie
technologi S.
es and
solutions,
where
further
maturation
, validation
and
demonstra
tion is
required
to
maximise
impact.
Plan to
stimulate
and .
As according to
support .
. the funding,
investment
; . proposals must be
sin This .
T, related to projects
renewable initiative is )
. located in the
hydrogen aimed to
. European
production reach .
) Economic AreaA
. This targets of L
. . partnershipwith
initiative producing
. . an off-taker
aims to domestically )
European November . located in the
accelerate | $800 10 million .
Hydrogen . . - 2023: region would
investment | million . . tonnes (M) o
Bank[31][31] . pilot auction enable application
and bridge of .
for the funding.
the renewable
. Nevertheless, the
investment hydrogen itiative is not
gap for the by 2030, .
operational yet, so
EU to coupled further
reach with 10 mt formation
REPowerE of imports.
should be
U targets. .
available by the
The plan
end of the year.
supports
internation
al imports
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Funding Coverage E::;Itl Project gr:)i?rl]r;g/ Comments Mele applicability
Opportunity rate/budget dates

into the

EU.

Despite specific funding schemes targeting hydrogen projects are currently absent in Brazil, a legislative initiative is
underway within the Chamber to regulate the production of lowarbon hydrogen. This legislative project is in the
process of review byhe Senate, proposing a range of fiscal benefits and subsidies specifically aimed at supporting
low-carbon hydrogen projects. While this initiative remains at the proposal stage, it is imperative for Mele to remain
aware of its progress. Potential incenéig resulting from this initiative could significantly enhance the feasibility and
viability of the project in the future.

The bill of law extends the tax incentives to companies producing {oarbon hydrogen, granting suspension of the
Social Integration Program (PIS), Contribution for Social Security Financing (COFIN®niiSation and COFINS
Importation on the purchaseor import of equipment related to hydrogen project$11] This benefit can be used for

five years, counting from eligibility in the Special Incentive Regime to produce Low Carbon Emission Hydrogen
(Rehidro), created by the project. The incentive considers requirements as:

1 minimum percentage of use of goods and services of national origin in the production process.
1 minimum investment in research, development, and innovation.
1 maximum export percentage of the hydrogen produced.

Companies operating in the production of biogas or biomethane for producing lewarbon hydrogen may be
considered coqualified[11]

The conditions outlined for these tax incentives appear to align totally with the current state of the project. This is
perceived as a significant opportunity to reduce Mele's taglated costs, consequently enhancing its financial viability.
Leveraging tlese incentives could greatly improve the project's economic prospects.

Finally, among the identified opportunities in Brazil, the Santander Brazil's 2SC Program has been included. In 2022,
this program provided a total financing of R$100 million (Brazilian reais) to the largest biodiesel producers in Brazil,
specifically thos with expertise in advanced biofuel development, aimed at enhancing these companies' operations.

The program's objective is to strengthen the biological raw materials supply chain for biofuel production, enhancing
quality, mitigating risks, and ensuring companies' participation in national and international sustainable fuel markets
through certificatons.

Regarding this latter point, it is believed that Mele's applicability, focusing on the upstream aspect of the project,
could be substantial, since it totally aligns with the advanced fuel production. This could incentivize the development
of supply chainsgased on biological raw materials, aligning with the objectives of this initiaf32].

3.6.2 Funding opportunities recommendations

Regarding syncrude production, although financing schemes were identified, most of them required syncrude
production within specific countries, such as the European Union. Therefore, no eligible schemes for the project were
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identified. A similar situation is observed regarding funding schemes for SAF production. Even that several schemes
were identified for this product, none of them applied to the current structure of the project.

However, there are potential alternatives to explore for accessing these funds: forging partnerships with companies
from funding-providing countries; establishing a partnership with the d#iker of the syncrude set to produce SAF
downstream in the supplychain (located in Europe), to jointly access a financing opportunity from this geography;
or to consider producing SAF in the USA or Australia, since these countries present additional funding opportunities,
although this option is less favourable due thése countries' potential as lovearbon H2 producers.

In the first option, certain funding progrants primarily originating from the Netherland$ exclusively offer financial
support to Dutch companies. Consequently, establishing a strategic alliance with some of these companies is believed
to offer a potential dternative for accessing these funds. However, despite this possibility, comprehensive information
regarding this option remains elusive. Thus, in case there is interest for this fundings, pursuing an engagement with
the entities providing financing becomeimperative to address these uncertainties.

One strategic alternative for SAF production could be to explore partnerships withtaKer companies situated in
countries with available financing schemes for SAF. By doing so, Mele could supply renewable feedstock, potentially
rendering the entire progct eligible under the criteria for selecting these schemes. It is important to emphasize that
specific eligibility will largely focus on the criteria unique to each scheme and the chosen pathways for SAF production.
In light of this, it is crucial for theroject to select an approved SAF production pathway that enhances the probability

of eligibility and to submit proposals in collaboration with a local partner to access these potential financing schemes.

A clear final message conveyed by this table is that regions with higher development in the hydrogen industry and
its derivatives often have more available financing. This observation provides an encouraging perspective: as the
hydrogen industry progresse Latin America, particularly in Brazil, more opportunities may emerge for the project
to access.

Brazil, being one of the leaders in this advancement in South America, is currently in the process of establishing a bill
of law that includes tax incentives and subsidies for lawpact environmental hydrogen projects. Being prepared to
leverage these inentives and subsidies upon their release by the Brazilian government could present a significant
opportunity for Mele. It will be crucial to analyze Mele applicability to these Brazilian opportunities at the opportune
moment to maximize their potential.

3.7 Conclusions

Throughout the report, a comprehensive regulatory analysis was performed with a specific focus on the production
of syncrude and SAF, with additional key complementary insights regarding the production of methanol, to provide
valuable background informatio to complement the final design of the final process in order to align with the
exportation objectives and oftaker requirements.

The previous analysis was then used as an input to identify and select the most appropriate certification schemes that
could potentially be implemented to ensure the commercialization of the final product in the European Market. The
certification assessmerincluded details about the sustainability criteria that are added to the regulation guidelines
and strategy proposals for the best route forward in terms of certification, depending on the intentions of both the
client and its respective offaker.
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As an additional complement to the two previous stages of the study, a thorough mapping of potential funding
opportunities that could be used for the development of the project was performed, delivering relevant
recommendati ons baseahthesubjadti ni ci o6s expertise

In the following section the main conclusions from each analysis of the present report are summarized:
(I) 8 Regulatory Analysis

1. Regardless of the choice of producing syncrude or methanol, as both products would obtain their main
feedstock from a waste biomass source, the specific emissions savings established by the RED Il for advanced
biofuels must be met to be eligible for the Eopean mandatory market, following the specific methodology
for GHG emissions calculations.

2. The European Union will mandate progressively larger shares of SAF distribution for aircraft operators within
its territory, which will increase the demand for this kind of fuel, which will always require to meet RED I
sustainability requirements, proviag an opportunity for feedstock suppliers that can operate most of the
fuel value chain next to renewable energy sources.

3. To generate a carbonneutral growth of emissions from the aviation sector, the member States of the EU
are participating in the CORSIA initiative that will provide additional sustainability requirements for the
production of SAF that could have an effech ithe Powerto-X project to be implemented in Brazil. As a
clearer definition of the different location of the components of the value chain is established, these
sustainability criteria will have to be verified to ensure that the final use of SAF willritate to decrease
the offsetting requirements of the European AOs.

4. In case methanol is defined as the export product to be fed into a SAF production process, it will be necessary
to understand the status of the MTK production pathway in terms of its certification within the ASTM D7566.
As the syncrude option would apply &ischerTropsch process, which is included in the ASTM certification,
this feedstock could be immediately used for SAF production.

5. If an additional renewable hydrogen stream is introduced to the process to adjust thed® ratio from the
biomassbased syngas, a fraction of the final product could be labeled as RFNBO, provided that the RED I
criteria regarding emissions and electricity generation for these fuels are complied. The obtention of RFNBO
product could facilitae the commercialization as a higher demand is expected for this kind of fuels, which
should also be commercialized at a premium price.

6. Lastly, at the moment, it seems that the emissions threshold in the Brazilian law under process would not
impact the project, as the European market for biofuels and RFNBO is more stringent, thus meeting both
criteria. However, it is crucial to continue mdoring the evolution of this law as it might impose a different
emission calculation methodology or additional requirements that could affect the project.

(I1) 8 Certification assessment

Regarding the implementation of certification systems in the project, it is the crucial the resolution of regulatory
uncertainty and project requisites. Once this is established, the decisiaking process on certifications can proceed.

129 439



Certification and sustaintability aspects analysis

Therefore, it is recommended to prioritize ongoing surveillance and comprehensive comprehension of regulations in
the target market.

Additionally, considering the existence of various target markets, the recommendations regarding certification are
addressed separately before proceeding to a suggestion that aligns all these considerations:

1. For compliance with the European RED Il Regulation, it is advisable to consider certifications with streamlined
frameworks to ease certification implementation while meeting project requirements, reducing costs, and
mitigating risks. Key recommended schemeanclude ISCC EU, 2BSvs, REDcert, emphasizing simplified
approaches. Notably, ISCC EU stands out due to its extensive experience and a strong presence in Brazil.

2. In case of potential entry into the CORSIA SAF Market, emphasize early certification (considering regulatory
requirements for syncrude production) and thorough compliance verification. RSB EU for biofuels is
recommended as it allows preliminary coverageigiing with CORSIA SAF criteria, so once exported, it
would facilitate the certification under RSB CORSIA for SAF production. If not aiming to comply with CORSIA,
leveraging certifications with minimal demands is suggested, continuing with ISCC for bfdie¢ to its
simplicity and regional adaptability.

3. Considering the uncertainty in RFNBO market, with no recognized certification to operate under it, potential
candidates are ISCC RFNBO and CertifHy. In this scenario, if certifying the biofuel with ISCC, a beneficial
strategy could be to also implement ISCRFNBO for the RFNBO part of the product. This approach might
deliver implementation simplicity and even cost reduction by identifying synergies (e.g., audits) and
minimizing initial costs.

4. Lastly, closely monitor developments in the Brazilian bill of law and emerging certification standards is
recommended. Although this certification will be voluntary, it potentially offers implementation simplicity for
producers in the country, with directontact and certification tailored to the Brazilian context. Nonetheless,
its evolution and recognition by the European Commission for entry into the biofuels and/or RFNBO market
need evaluation to determine its suitability for the project (if not mandaygr

The optimal strategy hinges on adaptability to regulatory changes and certification requirements, emphasizing
flexibility, vigilance, and welhformed decisioamaking amidst evolving regulatory landscapes and market conditions.

(IlN3 Available funding opportunities

1. No funding opportunities were identified that entirely match the value chain or countries where the project
will take place.

2. Exploration of alternatives to access funds: forging partnerships with companies from funghoyiding
countries, partnering with oftakers for syncrude production downstream (located in Europe), or considering
SAF production in the USA or Australia despless favorable conditions due to their potential as lezarbon
H. producers.
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3. Certain funding programs, primarily from the Netherlands, exclusively support Dutch companies, suggesting
potential alternative routes through strategic alliances. However, detailed information on this option is
limited, requiring engagement with these fuding entities to address uncertainties.

4. Exploring partnerships with offakers in the country in which the SAF will be produced could make Mele
eligible for European programs.

5. Regions with advanced hydrogen industry development offer more financing opportunities, indicating future
prospects as Latin America, notably Brazil, advances in the hydrogen sector.

6. Brazil's ongoing bill of law includes tax incentives and subsidies for-lowact environmental hydrogen
projects, representing a potential opportunity for Mele. Analyzing applicability and readiness to leverage
these incentives upon their release will leeucial for maximizing their potential.
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4 ANALYSIS OF THE SOEHENVIRONMENTAL IMPLICATIONS AREQUIREMENTS FOR
SYSTEM REGULARITY

CONSULTANTS:

Valmir Augusto Detzel
Matheus Morganti Baldim
Marcelo Langer

4.1 Contextualization

This report deals with the "Analysis of Soegmvironmental Implications Requirements for the Regularity of the Rural
Sanitation, Bioenergy, Biofuels and H2V Prograrsreen Fuels Parana”.

This is the product developed by the specialized technical consultancy within the scope of the "DIGBErman
Brazilian Technological AllianceAction Line 2: Green Hydrogen Building a Green Hydrogen Economy in Brazil
Technical, Political and RegulatoFramework" Project (Project). This project is the result of Bif@eitmany Bilateral
Technical Cooperation, with the Deutsche Gesellschaft fiir Internationale Zusammenarbeit (G1Z) ariceBgogas
GmbH (Clients) as protagonists on the German side, and tinistry of Mines and Energy and the Brazilian Energy
Research Company on the Brazilian side.

This document includes an analysis of the so@avironmental implications that the facilities linked to ti&reen Fuels
Parana Program will potentially produce and lists the environmental requirements applicable to the proposed projects
and the production chain, in the light of current regulations and legislation. It includes an approach to the
arrangements and strategiesotbe applied in socieenvironmental licensing processes, with a view to guiding the
actors responsible for the system, in its various instances, in obtaining environmental licenses and maintaining the
regularity/compliance of the projects over time.

The content presented here is based on the information provided by Ne Biocombunstiveis GmbH and the actors
involved in the studies, as well as other data and information collected duringoarsite reconnaissance trip in the
municipality of Toledo and the surrounding area in the state of Parana.

The approach taken here is conceptual and aims to establish a preliminary assessment of the viability of the
production systems that are part of the Program in terms of soeémvironmental aspects. It also provides guidance
for entrepreneurs on the best suctural arrangements for environmental regularization and monitoring processes
over time .

The main objective of the analyses is to assess the samwironmental suitability of the Program and determine the
formal viability of the projects in the light of current environmental legislation and regulations.

4.2 Characterization of the project

The Green Fuel®arana Program provides for the production of biogas and green hydrogen from the processing of
animal waste from largescale pig, poultry and fish farms established in the western region of the state of Parana.

The program's configuration includes the construction of rural sanitation systems using underground waste and

effluent pipes, connected to 50 biogas and biomethane plants which, in turn, will supply a plant for the production
of Syncrude (CnH2n), a liquidroduct enriched with hydrogen (H2) made from biogas.
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The current proposal for the program potentially involves producers from 18 municipalities in the western region of
Parana. Biogas production units are planned to be geographically located in such a way as to allow the effluent to
be transported by gravity considering the insertion of structured network modules in the same midrasin,
connected to biogas plants established at suitable geographical points for receiving the effluent and also in terms of
accessibility to access roads and electricity grids.

The system has a modular configuration and provides for various production structures, organized in an
organizational chain involving rural producers and industrial, commercial and service structures, as well as providing
for the generation and supply of kctricity from wind and solar power plants withff-grid production (disconnected

from the National Energy System). There is also the possibility of using the biogas and biomethane produced to inject
surplus energy into the National Integrated System.

For the socieenvironmental approach to the Program, in order to facilitate feasibility analyses and the definition of
strategies for licensing with regulatory bodies, a ndormal division into two modules was establishe) Primary
Production Modulecomprising the animal farm enterprises, rural sanitation structures and biogas and biomethane
production plant enterprises; and2) Syncrude (CnH2n) / Green Hydrogen (H2) Production Modutemprising the
biogas transportation pipelines and the Syncrude prochion plant.

In detail, the secalledPrimary Production Module includes thillowing structures and activities:

a. Agricultural production farms- these are predominantly small and mediwmsized rural properties
dedicated to multiple production involving livestock and agriculture. In the region where the program is
being implemented, pig production is predominant, followed by poultry and dairy famgi Production
from psiculture is also significant in the region, and could also be included in the Program due to the
effluents derived from this activity. Animal production on farms generates a large amount of excrement,
which is currently purified in isolated systems within the properties, which are usually precarious. Today,
these systems represent significant environmental impacts, particularly negative ones, as they result in
intense and systematic contamination of soilsatercourses and water bodies. Farming activities result
in large volumes of liquid and solid waste and effluents, generating significant emissions of methane
and other gases flowing out into the open air, which also has a regional impact on air pollutimother
important aspect is that significant volumes of water are used to clean the pig stalls and/or to dilute the
excrement in order to take it to the pigsties installed on the farms, when considering the total number
of farms in the region. On the fans, thestakeholdersre usually livestock farmers organized into family
structures or small businesses, almost all of which are integrated into large agribusiness cooperatives or
companies that process meat, eggs, milk and dairy products.

b. Farmsanitation- the program's proposal for farm sanitation includes the installation of small, watertight
reservoirs on farms and rural properties, connected by pipelines to transport effluent to biogas
production plants. The pipelines are planned to be built undergrodiusing small trenches, which will
follow routes predominantly along the right of way of rural roads, mostly inayout favored by gravity,
in order to facilitate the conduction of effluents without the use of motor power. However, these i
provision for effluent lifting and pumping stations so that there is a constant flow in the system,
associated with situations that require overcoming topographical challenges. Each property that is part
of the program will have a set of ducts designed transport effluents (solid and liquid), made of resistant
plastic material. There is also a proposal to install electro/electronic cabling in the same trench to
interconnect the properties with a digital information, control and communication automatisystem.

c. Biogas production units these are industrial units for producing biogas and biomethane and, in some
units, also equipped with a system for pegtrocessing the manure used in the biodigester to prepare
fertilizers in a composting system. The plants will be production units ebtiled in a cooperative system
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made up of the rural producers who make up the system module. They will be geographically positioned
so that the waste and effluent from a large group of farms is received by gravity, in most cases. Some
biogas plants will also be equipped with an energyenerating module, for production to feed the farms

or to be sold into the national energy system. The compost and pgstocessed liquid effluent will be
redistributed by road to the agricultural production farms, for use as organic fertilizer to be used on
agricultural crops, or for sale in the general trade.

It should be noted that thisPrimary Production Module irprinciple consists of dozens of farms interconnected by
sanitation structures and linked to a biogas production unit. It is a module that can be replicated in other territories,
and 50 similar production modules are planned to be installed in the 18 mypadities that make up the program's
region.

The Syncrude Production Module (CnH2n) Green Hydrogen (H2) will involve an electrolysis plant and the
production of Syncrude itself, as well as various structures for transporting biomethane from biogas plants (50 in the
program). The following structures and activities are part of the-salled Syncrude Production Module (CnH2R)
Green Hydrogen (H2):

a. Gas pipelines these are the structures connecting the biogas and methane production units (Module
1) and transporting them to the industrial unit for producing Syncrude (CnH2i@reen Hydrogen (H2).
These will consist of metal pipes and accessory structures (regisiespection points, etc.). A total of
50 biogas production units are planned for the program, so it can be assumed that there will be 50
interconnection pipelines. These pipelines could certainly be connected to each other along the site,
forming branches connected and joined to a central pipeline, depending on the geographical
positioning of the plants.

T =

Syncrude Production Unit (CnH2n) corresponds to the industrial unit for the production of green
hydrogen from the electrolysis of water, also considering the addition of a methane reforming process
for the production of biohydrogen, as well as the addition of carbon dioxide. Using thsdher Tropsch
method, the chemical/industrial addition process will result in a liquid called Syncrude (CnH
containing Hydrogen (H ) in high concentration, suitable for a subsequent distillation process to
transform it into a fuel product.

The Syncrude plant will require the supply of energy produced sustainably (wind or solar) and exclusbfedyrif),

since for Green Hydrogen certification, energy obtained from the national system @rid) cannot be counted on.

It is intended that Syncrude will be distributed for subsequent distillation and consumption, using road, rail or
waterway transportation (including international transportation by ship). Therefore, the system will also include energy
supply and transportéion structures, considered in this work as peripheral, not included in the analysis of
environmental rites in this report.

Therefore, it should be noted that the work presented here does not deal with the structures and processes related
to transportation and logistics after the production of CnH2n and H2, nor does it deal with the externalities of the

system such as the supplof electricity needed to run the industrial unit.

In Figure 41below is a schematic or infographic that provides an overview of the production system envisaged for

the Program, taking into account the Modules described above.

136 439



Environmental

Study Battery Limit
Mele's Scope | | This Study Scope

i Farms in : i :
| Toledo Area | ! @ AT
| | I- - - - f—1 1
I I 606 |
[ | Energy P

2B T e T
[ I | Hydrogen ]
I Il | Bosas | Ruos |
oY o | -
l BIOGAS l | - I
I -I : cO2 : m—h ,ﬂ :
| \_. B | i 1
: Fertilizers : i 1
[ ! :L Chemical Plant _:

Figure4-1Graphical representation of the production modules planned for the Rural Sanitation, Bioenergy, Biofuels
and H2V- Green Fuels Parana Program. Source: NIRAS, 2024.

4.2.1 Scope of the environmental study

The scope of the studies presented here refers to three specific approaches, as follows.

4.2.1.1 Territorial Scope

The program is designed to be applied in the western region of the state of Parana, with the municipality of Toledo
as its territorial hub, although 18 municipalities are expected to be involved.

Considering that most of the projects that make up the Program will be established in state territory, in principle, the
rules applicable to licensing and regularity will be state and municipal. However, it is understood that projects included
in the Progiam that may have a potential direct impact on the Parana River basin, or even on basins bordering the
territory of Parana with other states of the federation, may have to comply with federal licensing requirements
established by IBAMA. The requirement féederal licensing will certainly depend on the size (polluting potential)
and geographical position of the project.

4.2.1.2 Technical Scope

As far as the technical scope is concerned, the studies are restricted to senidronmental issues directly related to

the licensing, monitoring and regularity regulations of the projects that are part of the Program. In other words, the
analyses developd/demonstrated here are limited to the aspects relevant to licensing and regularity, and do not
establish larger or more extensive scope relating to assessments of quality of life, accessibility, economic and structural
development, analytical projectionsn environmental improvements derived from the operation of the Program, or
similar.

The analyses carried out do not address other issues also related to the environment and society, but which are not
pertinent to the current moment, such as ESG standards to be implemented in the projects, carbon balances,
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greenhouse gas (GHG) emissions, land and environmental regularity (SIGEF/CAR/SISCAR), among others not related
to the purposes of the work.

Important additions and developments could certainly be made at a more opportune time in the future, which could
represent significant results, with gains and compensations derived from the possible implementation of sustainability
solutions, adaptation tcclimate change and optimization mechanisms that cannot be verified at the moment.

4.2.1.3 Structural scope relative to the model of the enterprise

As for the structural scope, considering the modules presented above, the analyses presented here include the
projects, structures and systems directly related to the biogas, biomethane and syncrude production chain.

Therefore, it should be noted that the studies presented here have not analyzed the licensing, monitoring and
regularities of peripheral elements necessary for the system to function, such as: power plants, dams and water
treatment plants for supplying thesystem, highways and access roads, power transmission lines, specific transport
and logistics systems (road fleets, railway or waterway lines and fleets), among other similar ones. These approaches
should only take place when the Terms of Reference aregented, aimed at guiding the entrepreneurs through the
process and documentation required for the licenses normally issued by the environmental management bodies.

4.3 Legal aspects related to the project

The approach to legal aspects in this paper aims to present the set of rules and regulations to be followed for the
purposes of licensing and the socienvironmental regularity of the project. The aim is to clarify the main elements
of the legal frameworkof the Green Fuels Parana Program, considering all the licensing phases, for each of the
structures or undertakings included in the system.

It should be noted that the provisions of this report do not exhaust the spectrum of legal norms and rules that can
be applied to the projects, considering that many of the activities envisaged in the Program do not have specific
applicable regulations (fo example, rural sanitation networks or the manufacture of Syncrude (CnH2n)), or
considering that each municipality has rules that are often different and not homogeneous with regard to the socio
environmental approach.

These regulatory gaps will certainly be worked on over time, even with the contribution of the current developers in
conjunction with the teams from the Parana Water and Land Institute, with the aim of establishing guidelines and
parameters for licensing.

In summary, since there is a specific report on legal aspects developed within the scope of this work and signed by
an expert lawyer, the main normative and legal elements applicable to the Program are listed below.

4.3.1 Federal approach applicable legislation

Article 225 of the 1988 Federal Constitution states th#ie’ public authorities and the community have a duty to
defend and preserve the environment, thus establishing that there must be means of protecting and preserving the
environment, either at the disposal of the public authorities or at the disposal ofehemunity."

Therefore, at the constitutional level, art. 225 of the Constitution of the Republic establishes the legal basis for the

government's responsibility for environmental protection in the country. The historical sequence of application of the
then new Constitition, in addition to the legislation already in force at the time, resulted in various normative and
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management instruments that culminated in the implementation of rites for the licensing of potentially polluting

activities or those with a significant environmental impact.

In Table 3.1 below is a list of the main legal environmental references, at federal level, applicable to projects for the

production, treatment and

transportation of hydrocarbons by pipelines.

Table4-1Summary of environmental legal aspects at federal level related to the project.

LEGISLATION

Law No. 5.197, o
January 3, 1967

DESCRIPTION

Provides for the protection of fauna and other measures.

Law No. 6.938, of Augus]
31,1981

Provides for the National Environmental Policy, its purposes and mechanism
formulation and application, and makes other provisions.

Establishes the National Water Resources Policy, creates the National W
Resources Management System, regulates item XIX of art. 21 of the Fec
Constitution, and amends art. 1 of Law No. 8,001, of March 13, 1990, w
amended Law No. 7,990, of Decelper 28, 1989.

Law No. 9.433, of
January 8, 1997

Federal Law No.
9.605/1998

Provides for criminal and administrative sanctions arising from conduct &
activities harmful to the environment, and makes other provisions.

Law No. 9.795 of April
27,1999

Provides for environmental education, institutes the Nationahvironmental
Education Policy and makes other provisions.

Federal Law No.

12.187/2009

Establishes the National Policy on Climate Chang®NMC and makes othet
provisions.

Federal Law No|

10.257/2001

Regulates articles 182 and 183 of the Federal Constitution, establishes ge
guidelines for urban policy and makes other provisior(€ity Statute)

Law No. 12.651, of Ma
25, 2012.

Provides for the protection of native vegetation; amends Laws Nos. 6.938
August 31, 1981, 9.393, of December 19, 1996, and 11.428, of December 22
repeals Laws Nos. 4.771, of September 15, 1965, and 7.754, of April 14, 198
Provisional Measte No. 2.16667, of August 24, 2001; and makes othe
provisions.

Law No. 14.119,
January 13, 2021

Establishes the National Policy for Payment for Environmental Services;
amends Laws No. 8.212, of July 24, 1991, 8.629, of February 25, 1993, and
of December 31, 1973, to adapt them to the new policy.

Law No. 11.445
January 5, 2007

0

Establishes national guidelines for basic sanitation; amends Laws Nos. 6.7¢
December 19, 1979, 8.036, of May 11, 1990, 8.666, of June 21, 1993, 8.
February 13, 1995; repeals Law No. 6.528, of May 11, 1978; and makes
provisions.

Law No. 12.305 o] Establishes the National Solid Waste Policy; amends Law No. 9.605, of Feb
August 2, 2010 12, 1998; and makes other provisions
Decree 7.830, ofl Provides for the Rural Environmental Registry System, the Rural Environmi

October 17, 2012

Registry, establishes general rules for the Environmental Regulariza
Programs, dealt with in Law No. 12.651, of 25 October.

of May 2012, and makes other provisions
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LEGISLATION

DESCRIPTION

CONAMA Resolution
No. 001 of January 23
1986

Provides for basic criteria and general guidelines for environmental impi
assessment

CONAMA
No. 002/1994

Resolution

Defines primary vegetation formations and successional stages of seconc
vegetation, in order to guide licensing procedures for the exploitation of nati
vegetation in Parana.

CONAMA  Resolution Provides for the licensing of basic sanitation works

No. 005/1988

CONAMA  Resolution Provides for the approval of models for the publication of license application
No. 006/1986

CONAMA  Resolution Regulates the aspects of environmental licensing established in the Natic
No. 237/1997 Environmental Policy

CONAMA  Resolution Provides for publication models for license applications

No. 281/2001

CONAMA  Resolution Provides for the classification of bodies of water and environmental guidelir

No. 357/2005

for their classification, as well astablishing conditions and standards for th
discharge of effluents, and other measures

Provides for simplified environmental licensing of Sanitary Sewage Systems

CONAMA Resolution
No. 377/2006.
CONAMA Resolution

No. 397/2008

Amends item Il of § 4 and Table X of § 5, both of art. 34 of Resolution No. &
of the National Environment Council (CONAMA) of 2005, which provides for t
classification of bodies of water and environmental guidelines for th
classification, as well asstablishing the conditions and standards fc
discharging effluents.

CONAMA
No. 410/2009

Resolution

Extends the deadline for supplementing the conditions and standards -
effluent discharge, provided for in Article 44 of Resolution No. 357, of March

2005, and in Article 3 of Resolution No. 397, of April 3, 2008. Extends

deadline for supplementig the conditions and standards for effluent discharge
provided for in Article 44 of Resolution No. 357, of March 17, 2005, and in Arti
3 of Resolution No. 397, of April 3, 2008.

CONAMA
No. 428/2010

Resolution

Provides, within the scope of environmental licensing, for the authorization
the body responsible for the administration of the Conservation Unit (Cl
referred to in § 3 of article 36 of Law No. 9.985 of July 18, 2000, as well a:
the science of thebody responsible for the administration of the CU in the cas
of environmental licensing of projects not subject to ERIMA and makes othet
provisions

CONAMA
No. 430/2011

Resolution

Provides for effluent discharge conditions and standards, complements &
amends Resolution No. 357 of March 17, 2005, of the National Environm
Council- CONAMA.

CONAMA Resolution
No. 498/2020.

Defines criteria and procedures for the production and application of biosoli
in soils, and makes other provisions.
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LEGISLATION DESCRIPTION

Source: Compiled by the author, 2023.

In addition to the legal framework listed above, it is worth mentioning other regulations that could be applied to the
Program under analysis, such as the regulations of the National Electric Energy Agency (ANEEL), which regulates the
energy sector in Brait, the National Electric System Operator (ONS), the regulations of the National Petroleum,
Natural Gas and Biofuels Agency (ANP), which regulates the production, distribution and use of biomethane as a
fuel, the regulations of the National Water Agency ), the regulations of the National Historical and Artistic
Heritage Institute (IPHAN), the resolutions of the National Land Transport Agency (ANTT), the ordinances of the
Brazilian Institute of the Environment and Renewable Natural Resources (IBAMAJuilelines and standards of the
Ministry of the Environment (MMA), the resolutions of the National Environment Commission (CONAMA), as well as
other federal bodies.

4.3.2 State approach applicable legislation

Legislation in the state of Parana basically follows federal legislation on environmental protection and the inclusion
of projects in its territory. The main legal provisions are listedliable 4 2.

Table4-2

LEGISLATION DESCRIPTION

Law 21052- May 23, It establishes guidelines and criteria for the licensing, implementation, operat
2022 and closure of sanitary and industrial landfills and for waste manageme
including the activities ofransport, collection, storage, treatment and destinatic
and final disposal of waste, with a view to controlling pollution, contamination a
minimizing their environmental impacts.

Law 21454- May 3, | Provides for parameters to encourage the usé renewable hydrogen in the state

2023 of Parana.
Decree 11300 June 3,| Establishes the Parana State Environmental Education Program and makes (
2022 provisions.
Law 20929 - | Makes environmental compensation mandatory for projects that geners

December 17, 2021 negative environmental impact that cannot be mitigated, within the scope of tl
state of Parana.

Law 20607 June 10, Provides for the Parana State Solid Waste Plan and other measures.
2021

Law no. 19500- May | Provides for the State Biogas and Biomethane Policy and adopts other meast
21, 2018

Law no. 19261 - | Creates the State Solid Waste Program Parand Residuos to comply with
December 07, 2017 guidelines of the National Solid Waste Policy in the State of Parana and me
other provisions.

Law no. 18295 - | Establishment, under the terms of Article 24 of the Federal Constitution, of
November 10, 2014 Environmental Regularization Program for rural properties, created by Fede
Law No. 12,651, of May 25, 2012.

141 439



Environmental

LEGISLATION

DESCRIPTION

Law No. 17279 o
August 1, 2012

Establishes the State Technical Register of Activities that Potentially Pollute o
Natural Resources, part of SISNAMA, as well as the Environmental Inspe
Control Fee.

Law 17134, April 25
2012

Establishes the Payment for Environmental Services, especially those provide
Biodiversity Conservation, which is part of the Bioclima Parana Program,
provides for Biocredit.

LAW No. 16.346 - | Provides for the obligation of potentially polluting companies to hire a

December 18, 2009 environmental technician.

Decree no. 3148 - | Establishes the state policy for the protection of native fauna, its principles, targ

15/06/2004 objectives and enforcement mechanisms, defines the state system for
protection of native fauna SISFAUNA, creates the state council for the protecti
of fauna- CONFAUNA, implements the state network for the protection of nati
fauna- REDE PR&AUNA and makes other provisions.

Law no. 13806 - | Provides for activities related to air pollution control, standards and air qua

30/09/2002 management, as specified, and adopts other measures.

Decree 4646 - | Provides for the granting of rights to use water resources and adopts ot

31/08/2001 measures.

Law No. 12726 - | Establishes the state wateesources policy and adopts other measures.

26/11/1999

Law no. 10.066 - | Creates the Secretary of State for the Environmer8EMA, the autonomous entity

27/07/92 Environmental Institute of ParandlAP and adopts other measures.

Law no. 19500- May
21,2018

Provides for the State Biogas and Biomethane Policy and adopts other meast

Law 20435 December
17, 2020

Establishes the Parana Rural Renewable Energy Program and makes ¢
provisions.

Decree 7872- June 9,
2021

Regulates Law 20.435, of December 18, 2020, which established the Parana
Renewable Energy Program and limited the special discount referred to in L
19.812, of February 6, 2019.

CEMA Resolution 110
May 04, 2021

Establishing criteria, procedures and typologies for activitiaadertakings and
works that cause or may cause local environmental impact.

CEMA Resolution 109
February 09, 2021

Establishes the criteria and procedures for Solid Waste Management in the S
of Parana.

CEMA Resolution 107
September 9, 2020

Provides for environmental licensing, establishes criteria and procedures to
adopted for activities that pollute, degrade and/or modify the environment an
adopts other measures.

CEMA Resolution No
088 - August 27, 2013

Establishes criteria, procedures and typologies for municipal environmer
licensing of activities, works and undertakings that cause or may cause |
impact and determines other measures.

CEMA Resolution no
081- October 16, 2010

Provides for Ecotoxicity Criteria and Standards for the Control of Liquid Efflue
discharged into surface waters in the State of Parana.
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LEGISLATION DESCRIPTION

CEMA Resolution No| Provides for environmental licensing, establishes conditions and criteria i
070- October 1, 2009 | makes other provisions, for Industrial Enterprises.

SEMA Resolution No Exemption from State Environmental Licensing and/or Authorization for sir
051- October 23, 2009| enterprises and activities with low environmental impact.

SEMA Resolution No| Provides forenvironmental licensing, establishes environmental conditions a
021- of April 22, 2009 | standards and other measures for sanitation projects.

SEDEST Resolution 3 Establishes procedures for the integration of environmental licensing and grant
- June 3, 2022 procedures for the use of water resources in Parana.

SEDEST Resolution 15 Establishes conditions and criteria, and adopts other measures, for
March 5, 2020 environmental licensing of pig farming enterprises in the state of Parana.

Source: Compiled by the author, 2023.

4.3.3 Municipal approach- applicable legislation

The rules and legislation applicable to the municipalities involved in the Program generally follow state regulations.
Some specificities may be found at municipal level, determining differences in the requirements and parameters
applicable to the licensig of projects. Normally, more developed municipalities, such as Toledo, located in the study
region, have a better environmental service structure and a greater framework of laws and regulations applicable to
environmental licensing and compliance. In thesases, there may also be some level of licensing autonomy,
delegated by the state. To this end, developments in these municipalities may certainly be required to comply with
municipal licensing rites, establishing an additional level of bureaucracy authhical approach to be followed.

Other smaller municipalities certainly don't have the same structure, resulting in state licensing taking precedence,
with the municipal procedure boiling down to the entrepreneur obtaining the consent of the Municipal Executive
Branch, attesting that theproject they intend to implement complies with current regulations, which are normally
restricted to urban and rural/agricultural rules.

Normally, when it comes to municipal licensing, it is quite common for it to boil down to authorizations dealing with
non-objection to location, suppression of vegetation, disposal of solid waste, accessibility by rural roads and paths
and other similar oljects.

As these are 18 municipalities included in the Program, the legislation will not be compiled here, although the technical
approaches to licensing/regularization applicable at municipal level are provided for in the chapters later in this
report.

4.4 Conceptual approach on environmental compliance

In order to fully understand the scenarios and soeenvironmental approaches of the Green Fuels Parana Program,
it is important to establish a conceptual basis on the subject, exploring the minimum requirements applicable to the
licensing, monitoring ancenvironmental compliance processes of each planned project.

This chapter presents the minimum concepts needed to understand environmental authorizations, licenses and
permits, considering their role in making all the components of the entire project viable and compliant.
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4.4.1 Environmental licensing instruments

The level of environmental licensing for a project is defined according to its polluting potential, as indicated above.
The more complex the licensing processes and requirements are, the greater the potential impact on the environment
and the influence onsociety.

In order to assess and decide on the environmental licenses requested, the existing regulations point to gradual levels
of environmental studies and documentation to be submitted when applying to the regulatory bodies. Thus, simple
projects with low impactpotential will normally be licensed by means of an Environmental Authorization, and in this
modality there is not even a requirement for specific environmental studies. Developments with medium impact
potential usually require simplified socienvironmentl studies and a slightly denser licensing process. On the other
hand, large scale projects or those with a high potential for impact and social influence tend to depend on wide
ranging and detailed socieenvironmental studies, with a very complex decisiomaking process on the part of the
regulatory bodies. Licenses for complex projects usually depend on more than one body being involved in the
licensing process.

That said, below are the definitions of the main instruments required for deliberating on environmental licensing and
granting the use of natural resources.

4.4.2 Environmental permits

According to CEMA Resolution 107/202&nvironmental Authorizationis the administrative act by which the
competent environmental body authorizes the execution of works, activities, research and services of a temporary
nature or emergency works, in accordance with the specifications contained in the applications, retjstsaplans,
programs and/or approved projects, including the environmental control measures and other conditions determined
by the competent environmental body.

According to the regulations in force at state level, earthmoving activities over 100m?2 and the laying of pipe networks
require the issuance of Environmental Authorizations.

In the case of the projects that make up the Program, it is expected that the Environmental Authorization instrument
will be required for the licensing of farms, the implementation of rural sanitation networks for the transport of waste,
water and telecomnunications and for the licensing of pipelines for the transport of biogas or biomethane between
the production plants and the Syncrude Plant.

In order to install the network of outfalls, it is also necessary to obtain forestry authorization to cut down vegetation
if the route reaches areas with native forest cover. TRerestry Authorization AFis the document that authorizes
the cutting, suppression and/or use of woody material from native vegetation. In native forest remnants, the
installation of pipelines may require both the felling of isolated trees and the suppression of vegetation.

It is worth highlighting possible obstacles in the case of cutting down endangered species, which are fully protected
by law, or in the case of suppressing vegetation in a Permanent Preservation Area (APP), which will certainly occur.

Normally, a Forestry Authorization (FA) also defines as a consequence the carrying out of native forest replacement
plantations as compensation for the trees cut down by the enterprise. Entrepreneurs will then have to reserve
available land to accommodateeplacement plantations within the same watershed, which may require the purchase
of land or agreements with the owners of integrated farms to accommodate plantations.

The Forestry Authorization is used for undertakings subject to environmental licensing specifically in cases of Public
Utility and Social Interest, and it is not permitted to transport the raw material resulting from exploitation without
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issuing the Authorization for the Use of Raw Material from Forest Produci8JMPF and its respective Document of
Forest Origin- DOF. Therefore, in cases where native vegetation that produces usable timber is suppressed, the
entrepreneur will also have teaomply with the AUMPF and DOF requests in parallel with the AF request.

For the cutting of exotic forest species in APP and replacement of planting with native species, this will be done
through full Environmental Licensing by Adhesion and CommitmenitAC, the criteria for which are established in
SEDEST Resolution no. 27/202inder the terms of the caput of article 68 of CEMA Resolution no. 107/2020.

4.4.3 Simplified environmental licenses (LAS)

It is a type of licensing that can be carried out in a single phase. The granting of3imaplified Environmental License
(Licenca Ambiental SimplificadalAS) establishes approval of the location and design of the undertaking, activity or
work of a small size and/or that has a low polluting/degrading potential, attesting to its environmentability and
establishing the basic requirements and conditions to be met, as well as authorizing its installation and operation in
accordance with the specifications contained in the approved requirements, plans, programs and/or projects,
including the environmental control measures and other conditions determined by the competent environmental
agency.

4.4.4 Environmental licenses full (THRIPEHASE)

The licensing of medium and high potential impact projects is carried out using the instruments of full environmental
licenses. The full licensing process normally has three phases that can be applied to projects, hence it is called three
phase.

The licensing of an enterprise begins with the opening of a protocol containing a request to classify the enterprise,
accompanied by basic documentation indicating what is intended. Normally, this initial protocol is carried out using
forms already availale from the licensing authorities.

In response, the regulatory body usually provides guidance on the documentation and studies needed to obtain the
socio-environmental licenses, defining which framework applies to the intended project, as well as providing the
Terms of Reference that guidihe entrepreneur as to the minimum technical demands that must be met for licensing
to take place. Therefore, it is at this point that the demands for environmental studies are clarified, including
identifying the type of study required by the environmenitagency, which may be: Simplified Environmental Study
EAS, Simplified Environmental ReperRAS, Preliminary Environmental ReperiRAP; Environmental Control Plan
PCA, Neighborhood Impact Study EIV, Environmental Impact StudyEIA, Environmentalmpact Report- RIMA,
Environmental Control Plan PCA, among others.

It is only after the elements requested by the environmental regulatory body have been produced and provided (by
protocol) that the licensing process effectively begins, following all the phases defined in specific rules over time.

A. Prior Licensing (LP)

The Preliminary License (LP) is one of the fundamental pillars of the environmental licensing process, representing
the first stage in the evaluation and locational authorization for the projects that make up the system. Prior licensing
therefore determines the environmental viability of whether or not the project can be established in the geographical
location planned by the entrepreneur.

The primary objective of the Preliminary License is to carry out a general assessment of the proposed project, seeking

to identify possible environmental impacts that may occur as a result of its installation and operation, analyzing these
aspects in reldabn to the geographical location where the structures are to be located.
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According to Article 72 of CEMA Resolution 107/2020, the LP, which is required for projects with the potential to have
an impact on the environment, must be requested at the initial planning stage. The main objectives of this license
are: to approve the leation and design of the project, to certify its environmental viability, to establish basic
requirements and conditions for the subsequent phases of implementation, including limits for the discharge of
effluents, waste and emissions, according to the am@nd type of project, and to request proposals for environmental
control measures in view of the impacts expected during the implementation of the project.

At the end of this process, the environmental authority can grant or deny the Preliminary License. If granted, this
license establishes the guidelines and conditions that the entrepreneur must follow in the next phases of licensing.
These conditions are eential to ensure that the project is developed in such a way as to minimize its environmental
and social impacts, as well as meeting the applicable legal and technical requirements.

The socieenvironmental studies required at this stage depend on how they fit in with the rules in force and also on
guidance from the licensing body. Normally, the standards already define frameworks based on the potential impact
(or polluting potential,in some cases) linked to the type of activity that will be developed, as well as the size and
geographical location.

B. Installation License (LI)

This phase of the licensing process involves assessing the structures and processes involved in the intended project.
At this stage, the environmental studies must present plans for controlling, monitoring, mitigating and remedying the
impacts to be implenented during the installation of the project.

The main objective of the implementation licensing process is to check that the executive projects are in line with
what was approved in the previous phase, including environmental control plans, waste management and mitigation
measures. Its purpose is a@sto assess whether the structures and systems will be detailed enough for the
management bodies to fully understand the project and whether they will comply with the regulations in force in all
instances, in a comprehensive and safe manner.

At this point, detailed projects must be submitted to the licensing body, with dimensions and volumes not only for
the project's construction works, but also for its operation, in order to provide an understanding of the social and
environmental risks inheent to it. At this stage, analysts from the regulatory agencies establish a solid assessment of
the implications that the project will have on society and the environment during its construction and operation,
determining conditions and measures to be coptied with in order to minimize negative impacts and enhance the
positive impacts resulting from the project.

According to Article 81 of CEMA Resolution 107/2020, the LI is required as soon as the executive projects for the
enterprise, activity or work have been drawn up and must contain a projection of the environmental control measures.

The Implementation License authorizes the construction/building of the project's facilities and structures, but does
not allow it to operate.

C. Operating License (LO)
The Operating License (LO) is the final stage of environmental licensing, authorizing the start of regular operating
activities for the project, which at this stage has already been builtptisnary purpose is to ensure that the project

operates in compliance with environmental standards, respecting legal norms and minimizing its impacts. This phase
involves detailed checks to ensure the effective implementation of environmental control andmensation systems.
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The LO is a formal authorization to operate, something similar to an operating permit applied to environmental
issues.

The granting of the LO may include specific conditions established by the environmental authority to ensure that the
project's operations proceed in a sustainable and environmentally appropriate manner. Obtaining the LO, however,
is not static; periodic asessments are carried out to verify ongoing compliance with the conditions and renewal is
subject to continued compliance with environmental standards.

445 Water resource concessions

The Grant is the administrative act that expresses the terms and conditions under which the Government allows the
use of water resources for a specified period. According to Law 12726/1999, it is aimed at meeting social interests
and its purpose is to enste quantitative and qualitative control of water use and to regulate the exercise of rights of
access to water.

Depending on the characteristics of the project, it may require a permit or registration of insignificant water use. In
addition to water grants and registration of insignificant water use, there is also prior approval for drilling wells. A
Figure 42 below shows the different types of authorizations by type of source and use.

A Cadastro de uso
~ Aguas superficiais insignificante de agua
(rios, corregos e nascentes) -

captac&o ou langamento de
efluentes Outorga prévia » Outorga de direito
Cadastro de uso
Aguas subterrineas Anuencia prévia para insignificante de agua
(pogos rasos e pogos profundos) - > -
captacao perfuragao do pogo
Outorga Prévia | Outorga de direito

Cadastro de uso
insignificante de agua

Intervencoes de obras e servigos

Qutorga prévia » Outorga de direito

Figure4-2 Authorizations by type of source and use of water resource. Source: IAT, 2023.

According to Decree 9.957/2014, uses that do not require a grant are commonly referred to as insignificant uses and
must be registered as insignificant water uses. Following diedinition in Ordinance 130/2020 of the Water and Land
Institute, the following accumulations, derivations, abstractions and releases are exempt from granting, and are
considered insignificant uses:

1 Accumulations and dams on watercourses with a volume of up to 15,000 m3, and with a water mirror area
of less than or equal to 10,000 m2, and with a dam height of less than 1.5 m;

Diversions and individual catchments of up to 5.4 m3/h or 129.6 m3¥/day in aquaculture activities;

Diversions and individuatatchments of up to 1.8 m3/h for other activities (except aquaculture);

Effluent discharges into bodies of water with a flow rate of up to 1.8 m3/h.

Catchments intended for family consumption by landowners and population groups of less than or equal to
400 (four hundred) inhabitants dispersed in rural areas.

=A =4 =4 =4
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For new ventures that require environmental licensing and existing ventures that do not yet have environmental
licensing, a Prior Grant must first be applied for, followed by a Right Grant.

The permit requirement applies to anyone who wants to use surface water (river, stream, brook, lake, mine or spring)
or groundwater (deep tube wells or shallow wells) for a wide variety of purposes, such as domestic supply, public
supply, firefighting, human consumption, particulate emission control, animal watering, dilution of sanitary or
industrial effluents, industrial processes and general use. Therefore, the Program structures that will require this
procedure will be the farms (if they don't alreadyave one), the biogas plants and the Syncrude plant.

It should be noted that all surface and groundwater abstractions, including cacimba (shallow) wells, bridge wells,
among others, must follow the stages of prior consent and grant or registration of insignificant use of water.

Effluent discharge permits are required for the purpose of diluting effluents from, for example, industrial production
processes, sanitary systems (domestic and animal sewage), among others, as will be the case with biogas plants and
the syncrude plant. Tarefore, the discharge of effluents into natural watercourses may also require obtaining an
Effluent Release Permit, also issued by the IAT in the case of the state of Parana.

4.4.6 Additional records

Even though they are not directly inherent to environmental licensing procedures, it is common for licensing bodies
to request additional proof in order to analyze and decide on the license. In this respect, for any undertaking that is
seeking environmenth compliance, there will be a need to comply with various parallel registrations and
formalizations.

Some registrations can be mentioned in instances related to environmental regularity, but not directly inherent to
environmental licensing, such as the property's Rural Environmental Registry (CAR),destfatory instrument that
determines regularityunder the Brazilian Forest Code. There is also the ghdtlaratory registration with IBAMA for
enterprises, and the Environmental Declaratory AetADA corresponds to the registration with the federal
management body of rural properties that contain areas environmental interest. The ADA is primarily intended for
rural landowners to establish exemptions from the Rural Land Tax, however, when the rural property develops
economic activities based on specific enterprises, the ADA is required by some enviemtal management bodies.

The same happens with the Federal Technical Register of Environmental Defense Activities and Instruments
CTF/AIDA, which corresponds to the mandatory technical responsibility register for the industry and commerce of
equipment, apparatus and instrumentdesigned to control activities that are effectively or potentially polluting.

Another example is the need to maintain a permanent technical manager for monitoring the environmental
conditions of licensing, requiring a professional with active registration with the Professional Council and issuing the
corresponding ART.

Although many of these registries and records are not directly linked to the licensing process, any active enterprise
must comply with all the regularity requirements throughout the licensing and operational period. These
complementary requirements usuallsequire effort, time and financial resources to maintain, and will certainly have

a significant impact on projects over time. Developments that are intended to serve regulated markets, such as the
export market, are constantly required to comply with reggiations and records in multiple territorial or socio
environmental management instances.
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4.4.7 Variables relevant to licensing procedures

Considering that the basis of licensing is directly related to the potential impact that certain projects can have on the
environment and society, which can be positive or negative, the main variable that influences licensing decisions is
the location of he source that generates impacts and the area where these impacts can potentially radiate. Therefore,
clarifying the exact location of projects in the territory and their areas of influence is a fundamental variable for
licensing analysis.

The second influential variable in licensing analyses is the project's impact potential in terms of volume, intensity,
duration and scale, among other aspects. In this sense, the regulations define this variable as the enterprise's
"polluting potential" or "impact potential" (more appropriate, given that the enterprise being analyzed usually
produces positive impacts and impacts not necessarily related to pollution).

These variables are explored in more detail below.

4.4.7.1 Area of influence gbrojects as an analysis variable in environmental licensing

The areas of influence of a project are defined as the space likely to undergo changes as a result of the
implementation, maintenance and operation throughout the project's useful life. Therefore, the delimitation of the
areas of influence of a project isletermined by the territorial scope of the probable impacts foreseen in the
environmental studies established according to consistent technical analysis, whether positive or negative,
considering the physical, biological and anthropic environments.

Legally, the definition of areas of influence is based on CONAMA Resolution No. 01/86, which establishes the following
guideline in Article 5, paragraph IlI:

1 1ll- define the limits of thegeographical area to be directly or indirectly affected by the impacts, called the
project's area of influence, considering, in all cases, the river basin in which it is located.

The importance of previously defining the areas of influence at the start of environmental feasibility studies is directly
related to the direction and preparation of the environmental diagnosis. In addition, defining the areas of influence
helps in proposng mitigating and compensating measures and environmental programs aimed at recovering
negatively altered areas or enhancing the impacts considered positive.

The areas of influence are usually delimited into three areas: Directly Affected Area (ADA), Area of Direct Influence
(AID) and Area of Indirect Influence (All). In addition, the definition of the polygonal boundaries of these areas is
subject to studies 6the physical, biotic and anthropic environments, and there may be differences in the scope of
the definition of these areas of influence when environmental studies and subsequent analyses are carried out.

1 Directly Affected Area (ADA)efers to the territorial area corresponding to the geographical perimeter to
be effectively occupied by the project, including those intended for the installation of the infrastructure
necessary for its implementation and operation, annexed areas sucpaking lots, accesses, domain strips
for pipelines and power lines, fences, various structures.

1 Area of Direct Influence (AlDYorresponds to the contiguous and extended territorial space of the ADA and
is delimited by the territory where social, economic, cultural and environmental conditions may be primarily
impacted, i.e. where there is a direct relationship of cause (implenagioin, operation and decommissioning
of a given project) and effect (impacts).

1 Area of Indirect Influence (Allxorresponds to the territory where the impacts are felt in a secondary or
indirect way and, generally, to a lesser extent than the AID. For example, impacts of the project on the local
or regional economy, indirectly affecting development processes.
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It is worth noting that the areas of influence of a development are complex and encompass several interacting
environments. The possible changes are varied, affecting air, water, soil, flora, fauna and human life in different ways,
with different susceptibities to atmospheric pollutants, water pollution, soil changes, ecosystem and species
composition, income generation and improved quality of life. Therefore, these definitions must be made through an
in-depth analysis of the different projects for the pject, including the location of the farms, detailed piping layouts

and the areas where the biogas plant and syncrude plant will be located.

4.4.7.2 Potential impact or polluting potential

The potential impact or polluting potential of an undertaking refers to the capacity or likelihood of a business activity,
whether it be industrial production, agricultural production or even services, to have an impact on the environment.
Normally, the qualification of an undertaking for licensing purposes is based on the potential for negative impact
and/or the polluting potential that this particular undertaking may represent for the environment and society. This
potential is assessed on the basis of tly@antity, nature and toxicity of the waste, pollutants or impacts that may be
generated during the construction, operation or decommissioning phases of an installation.

This assessment takes several factors into account:

1 Type of Activity- certain industries or processes have a greater potential to generate pollution, such as those
that deal with chemical substances, energy production, waste treatment, among others.

1 Quantity and Nature of Waste the quantity of waste generated, as well as its toxicity, biodegradability and
persistence in the environment are assessed to determine the polluting potential.

1 Technologies used the type of technology used to control or mitigate environmental impacts is also
considered. More advanced effluent treatment technologies, for example, can reduce the polluting potential
of a project.

1 Location and Environmental Vulnerability the sensitivity of the environment around the facility also
influences the potential for pollution. Areas close to fragile ecosystems, aquifers or natural habitats may be
more susceptible to impacts.

The assessment of polluting potential is crucial in the environmental licensing process, as it allows regulatory bodies
to determine which control, mitigation and prevention measures should be implemented to ensure that the project
operates within acceptale environmental impact limits.

4.5 Licensing arrangements apjgable to the Green Fuels Paranadgram

This chapter presents the arrangements and requirements applicable to environmental licensing for the various
projects that are part of the Green Fuels Parana Program.

As a reference for the analysis, in addition to researching data and information obtained from the developer, we also
considered the structures and systems already installed at the Vila Ipiranga Pilot Plant, built Hye\ie 2019, in terms
of biogas/biomethane production.

As described in Chapter 2, the enterprises that make up the Program have been grouped into two Modules: the
Primary Production Moduleinvolving livestock farms and biogas production units, and tSyncrude Production
Module.

Although the production units are integrated and interdependent, for the purposes of licensing, monitoring and
control, it is essential to establish not only the instances of production, but especially the instances of legal
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responsibility for the various undertakings before the licensing bodies, since the licensing processes are established
with registration in the name of the entrepreneur.

As such, arrangements were established for the developments and projections of the licensing instruments applicable
to each of the developments considered.

It should be noted that, according to Article 6 of CEMA Resolution 107/2020, the framework and environmental
licensing procedure to be adopted are defined by the relationship between the location of the activity or enterprise,
its size and polluting/degrathg potential, taking into account its typology.

For the licensing procedure, according to Article 8 of the aforementioned Resolution, it will be up to the competent
environmental body to define the criteria for enforceability, detailing the list of undertakings, activities and works
subject to environmatal licensing and/or authorization, taking into account the specificities, environmental risks, size
and other characteristics of the undertaking, activity or work.

According to Art. 56 of the same Resolutiothe environmental studies will be defined according to the classification
of undertakings and activities established in accordance with the matrix combining the polluting/degrading potential
of the size. The Terms of Reference for the environmental stud@bke required of the entrepreneur must be defined

by the competent environmental body. In addition, specific studies may also be required for undertakings and
activities located in areas of importance from anvironmental point of view or which include innovative process
technologies.

Also noteworthy is Article 80, the first paragraph of which establishes that the competent environmental body, having
verified that the activity or undertaking does not potentially cause significant degradation and/or modification of the
environment, willdefine the Environmental Studies pertinent to the respective licensing process. The second
paragraph states that the environmental body may require, at any time, the presentation of a Risk Analysis in the
case of the implementation of potentially dangerougechnologies, especially when there is production,
commercialization and use of techniques, methods and substances that pose a risk to life, quality of life and the
environment.

Considering the above aspects, it is proposed that the licensing processes be carried out according to the
arrangement illustrated ir.3.
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Figure4-3 Demonstration of the licensing arrangements for the Green Fuels Parana Program. Source: Author's

elaboration, 2023.

Considering the above arrangement, the licensing processes should be organized as follows, in terms of legal

responsibility:

1 Farms- the legal responsibility for farms lies with the cattle rancher who owns them, so environmental
licensing should be the responsibility of the farm owner, autonomously. Considering that new farms may be
added to or excluded from the system, the autonomougensing arrangement reduces the risk of the need
for changes to the licenses of other enterprises. Environmental Authorizations or Simplified Environmental
Licensing are applicable to the licensing and environmental regularization of farms, dejpenodn the size

of the farms.

1 Biogas, Biomethane and Composting Plantsn the case of licensing Biogas Plants, the legal responsibility
will fall on the entrepreneur/investor, or more likely, on the legal representative of the Cooperative that will
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own the enterprise. According to records, the plants will be established under the legal form of an investment
cooperative or rural production cooperative, owned by the cooperative members of the system. The
licensing of this arrangement is mixed, and sonaetivities may have simplified licensing in the form of
Environmental Authorizations or Simplified Environmental Licensing, as is the case with pipelines and plant
suppression authorizations (when applicable depending on the location of the plants). For
biogas/biomethane production and composting units, depending on the volume of waste involved in the
operation, environmental licensing must be full, taking into account the Preliminary Environmental License,
the Implementation License and the Operating Litge. Surface and underground water use licenses are
required (applicable to the artesian wells that the project must contain).

1 Syncrude Plants- In the case of licensing the Syncrude Plant, legal responsibility will fall on the
entrepreneur/investor who owns the project. The licensing of this arrangement is also mixed, and some
activities may have simplified licensing in the form of Environmentalthorizations or Simplified
Environmental Licensing, as is the case with pipelines and plant suppression authorizations (when applicable
depending on the location of the plants). For biogas/biomethane production and composting units,
depending on the volune of waste involved in the operation, environmental licensing must be full, taking
into account the Preliminary Environmental License, the Implementation License and the Operating License.
Surface and underground water use licenses are required (applicabl¢éhe artesian wells that the project
must contain).

45.1 Potential socieenvironmental impacts linked to the Green Fuels Parana Program

The identification of potentially occurring environmental impacts must take into account all the different activities
foreseen in the basic and executive projects. However, it is understood that the current stage of the project does not
make it possible tandicate details about the operation of the project, for example, with regard to volumes of waste
and effluents, or even the movement of loads and the circulation of vehicles that this movement will cause. Therefore,
the analyses in this subchapter tend be less complex due to the vagueness of certain items related to the operation
of the project.

We started by assessing the resulting impact on components of the physical, biotic and anthropic environments,
generically in the possible areas of influence of the project. The components in question are the elements likely to be
affected by the planningjmplementation and operation of the project. The resulting impact is understood to be the
final residual effect (positive or negative) on each affected component, after all the impacting actions have been
carried out and all the proposed preventive, mitiging and/or compensatory measures have been adopted.

During the planning phase, the actions of drawing up projects, negotiating areas, land and plots, appraisals,
measurements and surveys tend mainly to produce changes in the real estate market and generate expectations and
uncertainties. Eventually, changean occur in the soil due to the movement of equipment and people.

In the implementation phase, the specific impacts are greater, generating changes in the soil, generation of
particulates, reduction of vegetation cover, disturbance of fauna, changes in the landscape, among others. The
implementation phase can also increa noise pressure in some areas, the risk of accidents at work or pollution, and
changes in the real estate and services markets. These impacts generally result from activities such as earthworks,
construction sites, crane and heavy machinery operationsiryg labor and building construction, among others.

During the operation of the project, impacts such as income generation and improved quality of life are expected,
as well as changes in pressure on soil quality and water resources. In some places, there may also be changes in
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sound and atmospheric quality, as well as in the markets for energy, materials and services, income generation and
the risk of accidents and environmental pollution.

Under the licensing arrangements identified, the farms will have a reduction in impacts, which could be significant, in
their current areas of influence. The final disposal of waste in pastures, watercourses and other areas currently
impacted by the estabshments will be eliminated. It can therefore be seen that the environmental and social impact
linked to the implementation of the project on the farms will be minimized compared to the current situation.

To facilitate a gradual understanding of all the elements involved in this process, they are presented below in the
Table 43, Table 44 e Table 45 the actions and activities planned for each of the project's modules, their relationship
with the potential impacts and an indication of the phase in which they may occur.

Table4-3 Analysis of the potential impacts of livestock farms, organized and grouped according to the actions and
activities planned for the planning, implementation and operation stages

GRENADES

ACTIONS/ACTIVITIES

POTENTIAL IMPACTS

Appraisals, measurement| Changes to the ground due to the movement o n
and surveys equipment and people
Official implementation of the| Changes in the real estate market, generatir n

project expectations anduncertainties

Preparing accesses to farn Changes in the soil, generation of particulate

NA - |- |-

areas particle transport

Vegetation suppression Ir Reduction of vegetation cover, impacts on fauni na |- | . |-
implementation areas loss of habitats andlisturbance of fauna

Soil movement, earthworks Landscape change. NA | - |- |-
and containment

Soil movement, earthworks Changes to the soil, generation of particulate n
and containment siltation of watercourses

Soil  movement, earthworks| Changes in air quality and sound pressure. n

and containment

Soil movement,
and containment

earthworkyg Risk of altering archaeological or historical/cultur

sites, altering speleological heritage.

Noise and vibration emissions

Interference with the behavior of some species
fauna

Construction site assembly,
operation anddismantling

Changes in sound quality, generation of sanita
waste, generation of solid waste, risks of accider
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GRENADES

PHASE
ACTIONS/ACTIVITIES POTENTIAL IMPACTS =
8
E
c
Q
(S
Q
o
£
Fueling vehicles and Risk of accidents and oil and flammable spills NA
machinery
Crane and heavy machiner; Changes in sound quality, risks of accideni ya
operations changes in the soil, generation of smoke and gas
Hiring labor Changes in the local and regional market relate
to employment and income
Hiring labor Hunting Activities
Building construction Changes in sound quality, risks of acciden
changes in the soil, changes in the services mar}
Waterproofing areas Soil sealing, concentration of rainwater flows
Movement of heavy vehicles | Changes in sound quality, smoke andgas pa
production, accident risks, changes in region
traffic intensity
Water consumption Change in the supply market, impacts on effluer
production
Electricity consumption Change in the energy market, change in the supp
network
Special  solid, liguid and Changes in traffic intensity, risk of accidents w
gaseous cargo handling special loads
Solid waste production Impacts on the recycling market and thearket for
the supply of specialized services
Production of liquid effluents | Impacts on the market for specialized services, r
of accidents with dangerous cargo, changes in th
water regime
Production of gaseous Changes in aiquality
emissions
Hiring specialized labor Change in the regional employment and incom¢ y
market, change in the real estate market
Animal production Changes in municipal revenue, changes in th \a
market for the supply of inputs and services
Administrative production Changes in the local and regional market fg ya

permanent and consumable services an

materials, changes in local and regional trade
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GRENADES

PHASE
ACTIONS/ACTIVITIES POTENTIAL IMPACTS =
8
g
c
Q
(S
Q
o
£
Tax collection Changes in municipal and state revenue, chang| ya .
in the market for thesupply of inputs and serviceg
Running over and killing wilg Risks of traffic accidents NA ;
animals
Power plant operation Risks of electric shock accidents NA )
Maintenance of the Solid waste generatiorr electrical and electronic _

company's equipment

materials

Legend: NA- Not Applicable. Source: Author's elaboration, 2023.

Table4-4 Analysis of the potential impacts of the establishment of the Biogas Plants and Manure Pipelines project,
organized and grouped according to the actions and activities planned for the planning, implementation and

operation stages.

MANURE PIPES AND BIOGAS PLANTS

ACTIONS/ACTIVITIES

Appraisals, measurement

and surveys

POTENTIAL IMPACTS

Changes in the soil due to the movement @
equipment and people

| =
2
<
=
[
(O]
€
Q@
oL
£

Official implementation of the
Biogas Plant and Manurg
Pipes project

Changes in the real estate market, generatir
expectations and uncertainties

Preparing accesses to pip

Changes in the soil, generation of particulate

n
areas and biogas plants particle transport
Vegetation suppression ir] Reduction of vegetation cover, impacts on faun n
implementation areas loss of habitats and disturbance of fauna
Soil handling, earthworks and¢ Landscape change. n
containment
Soil handling, earthworks an¢ Changes to the soil, generation of particulate n

containment

siltation of watercourses
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MANURE PIPES AND BIOGAS PLANTS

ACTIONS/ACTIVITIES

Soil handling, earthworks anc

POTENTIAL IMPACTS

Changes in air quality and sound pressure.

Implementation

n

containment

Soil handling, earthworks and Risk of altering archaeological or historical/cultur n

containment sites, altering speleological heritage.

Noise and vibration emissiond Interference with the behavior of some species n
fauna

Construction site assembly Changes in sound quality, generation of sanita n

operation anddismantling waste, generation of solid waste, risks of accider

Fueling vehicles ang Risk of accidents and oil and flammable spills n

machinery

Crane and heavy machinery Changes in sound quality, risks of accidents n

operations changes in the soil, generation of smoke and gas

Hiring labor Changes in the local and regional market relate n
to employment and income

Hiring labor Hunting Activities n

Building construction Changes in sound quality, risks of acciden n
changes in the soil, changes in the services mar}

Waterproofing areas Soil sealing, concentration of rainwater flows n

Movement of heavy vehicles | Changes in sound quality, smoke and ge n
production, accident risks, changes in region
traffic intensity

Water consumption Alterations to supply sources, impacts related n
effluent production

Electricity consumption Change in the energy market, change in the supp n
network

Special  solid, liguid and Changes in traffic intensity, risk of accidents w n

gaseous cargo handling special loads

Solid waste production Impacts on the recycling market and thmarket for n
the supply of specialized services

Production of liquid effluents | Impacts on the market for specialized services, r n

of accidents with dangerous cargo, changes in th

water regime
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MANURE PIPES AND BIOGAS PLANTS

ACTIONS/ACTIVITIES

Production of
emissions

gaseous

POTENTIAL IMPACTS

Changes in aiquality

Implementation

Hiring specialized labor

Change in the regional employment and incom
market, change in the real estate market

Biogas and electricity

production

Changes in municipal revenue, changes in tk
market for the supply of inputs andervices

Waste treatment and disposa

Changes in soil quality and water resources

Administrative production

Changes in the local and regional market fc
permanent and consumable services an
materials, changes in local and regional trade

Tax collection

Changes in municipal and state revenue, chang
in the market for the supply of inputs and service

Running over and Kkilling wilg
animals

Risks of traffic accidents

Legend: NA- Not Applicable. Source: Author'slaboration, 2023.

Table4-5 Analysis of the potential impacts of establishing the Syncrude and Biogas Pipeline Unit, organized and
grouped according to the actions and activities planned for the planning, implementation and operation stages.

BIOGAS PIPES AND SYNCRUDE PLANT

ACTIONS/ACTIVITIES

Appraisals, measurement

and surveys

Changes in the soil due to the movement @
equipment and people

POTENTIAL IMPACTS

Official implementation of the
Syncrude and Pipeline Unit
project

Changes in the real estate market, generatir]
expectations and uncertainties

Preparing accesses to the ga
pipeline and syncrude unit
areas

Changes in the soil, generation of particulate
particle transport
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BIOGAS PIPES AND SYNCRUDE PLANT

Vegetation suppression in
implementation areas

Reduction of vegetation cover, impacts on faun
loss of habitats and disturbance of fauna

Soil movement, earthworks

and containment

Landscape change.

Soil movement, earthworks

and containment

Changes to the soil, generation of particulate
siltation of watercourses

Soil handling, earthworks anc
containment

Changes in air quality and sound pressure.

Soil handling, earthworks ang
containment

Risk of altering archaeological or historical/cultur
sites, altering speleological heritage.

Noise and vibration emissions

Interference with the behavior of some species
fauna

Construction site assembly,
operation anddismantling

Changes in sound quality, generation of sanita
waste, generation of solid waste, risks of accider

Fueling vehicles

machinery

and

Risk of accidents and oil and flammable spills

Crane and heavy machinery
operations

Changes in sound quality, risks of accidents
changes in the soil, generation of smoke and gas

Hiring labor Changes in the local and regional market relate
to employment and income
Hiring labor Hunting Activities

Building construction

Changes in sound quality, risks of acciden
changes in the soil, changes in the services mar}

Waterproofing areas

Soil sealing, concentration of rainwater flows

Movement of heavy vehicles

Changes in sound quality, smoke and ge
production, accident risks, changes in region
traffic intensity

Water consumption

Alterations to supply sources, impacts related
the production of effluents

Electricity consumption

Change in the energy market, change in the supp
network

Special solid, liquid
gaseous cargo handling

and

Changes in traffic intensity, risk of accidents w
special loads

Solid waste production

Impacts on the recycling market and thmarket for
the supply of specialized services

Production of liquid effluents

Impacts on the market for specialized services, r
of accidents with dangerous cargo, changes in th
water regime
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BIOGAS PIPES AND SYNCRUDE PLANT

Prqdu;tion of  gaseous Changes in aiquality n 'n

emissions

Hiring specialized labor Change in the regional employment and incom n
market, change in the real estate market

Industrial  production  of| Changes in municipal revenue, changes in tk n

syncrude market for the supply of inputs angervices

Biogas treatment and disposa Changes in the quality of air, soil and wate n
resources

Administrative production Changes in the local and regional market fg n
permanent and consumable services an
materials, changes in local anekgional trade

Tax collection Changes in municipal and state revenue, chang n
in the market for the supply of inputs and service

Running over and killing wilg Risks of traffic accidents n

animals

Legend: NA- Not Applicable. SourceAuthor's elaboration, 2023.

4.5.2 Environmental Licensing of Farms

There is no formal projection of the minimum or maximum number of farms that will be part of each biogas,
biomethane and compost production module, but it can be assumed that there will be dozens of pig, poultry, dairy
and fish production units. Each of thfarms must be regularized in terms of socienvironmental aspects, by means
of an Environmental License issued by the state regulatory body Instituto Agua e TetAT and by the Town Hall

of the municipality where the farm is located.

While the pipelines and biogas and Syncrude plants will require the issuance of new tpreese environmental
licenses, the farms, in turn, will need to amend and renew their licenses, covering changes to the treatment and
disposal of effluents and the imlpmentation of infrastructure in the production areas. The infrastructure is considered
small, especially considering the size of the other structures on the farms and the production areas themselves.

These modifications will probably not lead to any changes in the size or polluting potential of each of the farms, and
there will be no need to change the environmental licensing instrument for the establishments. Therefore, the process
of obtaining envirmmental compliance for the farms involved in the project will be carried out by renewing the legal
instruments in force, with the submission of information about the infrastructures to be implemented on the farms
by the entrepreneur.

According to information, the majority of farms in the western region of Parana already have Environmental
Authorizations or Simplified Environmental Licenses, which makes them in good standing with regard to current
legislation.

Even so, the current farm production system is set up without collecting, disposing of and treating waste in an

optimized way, especially pig and cattle farms, since they use pigsties or lagoons to dispose of waste. The exception
is farms that already havintegrated biogas production systems, in which case the waste goes through a purification
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system and is reused for composting. Even so, there is plenty of scope for optimizing internal processes that can
result in improvements to the environmental quality of the property and the region.

In the analysis of the scenario envisaged as a result of the implementation of the Program, it is considered that there
will be changes in the processes of generating and discharging waste, especially due to the implementation of the
rural sanitation netwok and the consequent removal of waste from the property. These changes make it compulsory
for farmers to register with the environmental agencies in order to report changes to the systems, facilities and
treatment of waste and effluents on their farms. &tefore, in practice, due to the changes in parameters and polluting
potential, in principle reducing the risks and impacts, the environmental licenses of farms will have to be renewed.

Environmental licensing will be required for farms/producers that do not yet have an environmental license, for farms
that are planning to expand or fonew poultry production ventures that will join the Program. In these cases, licensing
will be by Environmental Authorization or Simplified Environmental Licensing (LAS), or even full Environmental
Licensing (LP, LI, LO), depending on the size of the entesg.

According to Article 88 of CEMA Resolution 107/2020, definitive extensions and alterations to undertakings or
activities that hold LAS or LO require specific licensing for the extended or altered part, adopting the same licensing
criteria, and the entrepraeur is responsible for notifying the competent environmental body of such alterations or
extensions in advance.

Environmental licenses for farms will be renewed upon presentation of an environmental study to be submitted by
the applicant, which may be a Preliminary Environmental Report (RAP) or another more complex study determined
by the environmental agency.

The RAP is a crucial document in the environmental licensing process for activities that have a lower potential for
environmental impact, according to Article 56, item V of CEMA Resolution 107/2020. The RAP must address different
aspects of the environmera diagnosis, detailing information on the physical environment, such as the topography
and geology of the region affected by the pipeline installations, as well as aspects of the flora, fauna and-socio
economic characteristics of the areas influenced etimplementation works.

The identification of environmental interventions is part of the RAP, considering an analysis of the executive project
for the installation of the pipelines, which should detail all the actions that will be carried out for the works, such as
excavations, arthworks, trenching and installation of the systems. This will make it possible to outline the potential

environmental impacts, allowing an assessment of the possible risks and damage to the local ecosystem.

Based on this assessment, the RAP should propose mitigating and/or compensatory measures involving the
presentation of strategies to reduce the impacts identified or, when it is not possible to avoid them, the definition of
actions that compensate for or rimimize these adverse effects. For example, environmental restoration of affected
areas, the use of less impacting technologies or even the development of samwironmental programs in the
region.

It should be noted that the preparation of the RAP requires the inclusion of professionals with technical responsibility.
This involves the participation of specialists who are trained and qualified to validate the report, ensuring its technical
quality ard compliance with legal requirements. These professionals are responsible for ensuring that all the
information is accurate and in line with the standards set by the environmental agencies.

The environmental licensing of farms is fundamental for the certification of biogas and Syncrude production, and it

is essential for the Program to require its members to maintain their farms in compliance with current environmental
legislation.
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4.5.3 Environmental Licensing d8iogas Plants

As we have already seen, the biogas, biomethane and composting production module involves farms, sanitation
pipelines and waste treatment and gas production units. It is reported that the Program will establish 50 biogas
production Modules involving dozensf feeder farms connected by manure transport pipelines and auxiliary systems
such as pumping stations, inspection/visit stations and the like. The plants will also contain structures designed to
generate electricity (those equipped with power generatdosised on combustion/biogas engines).

Because they are more complex undertakings, involving industrial facilities, pipelines laid over large areas, the
collection and treatment of large volumes of waste, power generation equipment, the use of large volumes of water
and the logistics of transpding potentially contaminating material by road (waste and compost), Biogas Plants should
be subject to Full Environmental Licensing.

45.3.1 Prior License for Biogas Plant Installations

As already described, CEMA Resolution 107/2020 establishes, in its Article 87, that environmental authorization is
required for works, temporary or emergency activities that may have an impact on the environment. It follows that
the structures that are planed to make up the biogas production module will require full environmental licensing
when there is a projection of implementing the programme in a more intense and organized way as a full enterprise.

In the pilot format, although the legislation does natllow it, the structures could be granted fractional environmental
licensing, precisely because it is an initial testing phase. In the event that the Program is actually implemented (no
longer as a pilot), this split licensing is not recommended, resgtin the application of full environmental licensing.

In order to obtain the Preliminary License, the environmental agencies will require the presentation of a complete
projection of the elements that will make up the biogas production module, involving the identification,
characterization and geographic/lod#gonal referencing of all the construction elements. With this, the studies must
include the outlines and dimensions of the rural sanitation network that will be part of the Module being licensed,
the characterization of the structures, equipment and geagphical positioning of the plants and their parallel
structures (power lines, access roads), all at a level of detail characterized as "basic design".

In order to obtain the Preliminary License for biogas plants, the entrepreneur will be required to submit information
and studies detailing the proposed project and its operation.

Biogas plants can be characterized as projects that generate electricity from the energy released in the form of heat
through the combustion of biogas. In this case, CONAMA Resolution 01/1986 defines that the requirement for an
EIA/RIMA for this type of mject is only for generation above 10MW. As there are no plans for plants above this
capacity, they can be licensed withRAR or another similar study oéqual complexity.

However, it should be noted that, at the discretion of the environmental agency, biogas plants and the network of
pipelines for transporting waste may fall under the sole paragraph of Article 59 of CEMA Resolution 107/2020, which
establishes the requiremerfor an EIA/RIMA if, due to the peculiarities of the project and the impacts assessed, it is
substantiated that this is an activity that potentially causes significant environmental impact. In this case, paragraph 2
of Article 76 and Article 80 corroborat the need to submit an EIA/RIMA.

CONAMA Resolution 01/1986 establishes the requirement for an Environmental Impact Study and its respective
Environmental Impact Report (RIMA) for projects, activities and works involving sewage collection trunks and outfalls.
Therefore, by similarity, itan be inferred that for sewage pipes, the environmental licensing process can be carried
out by submitting an EIA/RIMA, which will be publicized and public hearings will be held.
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The Environmental Impact Assessment (EIA) is a complex and comprehensive document required in environmental
licensing processes for largecale projects or those with a potentially significant environmental impact. Even though
the pipelines represent a ratively small structure to be installed on each farm, along the way the agglutination of
pipelines aimed at forming a rural sanitation network is representative if we consider the volume and length of the
network in a biogas/biomethane production module gpresenting a potentially large environmental impact and risk.

In the EIA, viable technological and locational alternatives for the project are analyzed, seeking to identify options
that minimize environmental and social impacts. This includes not only considering different technologies or
execution methods, but alsoevaluating various locations for implementing the project, prioritizing less
environmentally sensitive areas.

Delimiting the areas of influence involves identifying and characterizing the regions that will be directly or indirectly
affected by the project, covering physical, biotic and soeé@onomic aspects. As already described, this delimitation
is essential fo understanding the scope of the impacts and planning appropriate mitigating and compensatory
actions.

The detailed environmental diagnosis is one of the pillars of the EIA, analyzing the physical environment, flora and
fauna, as well as the socieconomic aspects of the areas of influence. This assessment should provide crucial
information on the current sate of the environment, helping to identify environmental interventions during the
project's implementation phase.

The assessment of potential environmental impacts is based on an analysis of the planned interventions, considering
the proposed scenarios and the affected areas. This detailed analysis makes it possible to identify the positive and
negative environmentakisks and impacts that the project could generate, from changes in air and soil quality to
possible effects on biodiversity and the local soegzonomy.

Based on this assessment, the EIA proposes enhancing measures for potential positive impacts and mitigating and/or
compensatory measures for negative environmental impacts predicted as a result of the analysis. Conditioning or
compensatory measures can rge from actions to preserve sensitive ecosystems to environmental education
programs for affected communities. The inclusion of professionals with technical responsibility is also crucial, ensuring
that the information is accurate and that the proposals raelegal and environmental requirements.

The Environmental Impact Report (EIR) is a summarized and accessible document, derived from the EIA, prepared
during the environmental licensing process. Its purpose is to present the main results, conclusions and proposals
contained in the EIA in a cleaand comprehensible way to the affected community and interested parties. The RIMA
highlights the significant impacts of the project on the environment and the community, discussing possible mitigating
and compensatory measures. It serves as an essential for promoting public participation and transparency in
decisions on projects that can influence the environment.

Finally, holding gpublic hearingis an important stage in the licensing process for projects with significant potential
environmental impact. The environmental agency may, at its discretion, request that more than one public hearing
be held to present the program to the public. The purpesof the hearings is to promote the participation of society,
allowing access to information and contributions or even criticism of the Program.

It is important to note, in accordance with paragraph 4 of Article 71 and Article 74 of CEMA Resolution 107/2020, that
for both LAS and full licensing, when it is hecessary to cut or suppress native vegetation, the license can only be
issued accompanied bythe respective Forestry Authorization. In this case, the Flora Characterization Report, in
accordance with CONAMA Resolution 02/1994, must be submitted in the licensing process itself.
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The Flora Characterization Report comprises a detailed and systematic assessment of the flora and vegetation that
could potentially be affected by the installation of the sanitation pipelines and biogas plant facilities. The report should
provide an accurée diagnosis of the area that will be affected, indicating plant diversity, forest structure, species
distribution and general ecosystem conditions. This information is essential for the environmental agency to
determine mitigating actions and mandatory fest replacement to compensate for the individuals that will be
suppressed by the infrastructure works.

As far as professionals and technical responsibility are concerned, it is essential that the EIA/RIMA be drawn up by a
multidisciplinary team independent of the developer, and for the Characterization of the Flora the technical
responsibility of a profesenal in the field of natural sciences or forestry sciences. These professionals are responsible
for conducting the surveys, analyzing the information collected and preparing reports that meet the requirements of
the environmental agencies.

4.5.3.2 Installation License for Biogas Plants

Once the Preliminary License has been obtained, the next step will be to obtain the Installation License for the projects
that make up the biogas/biomethane production module.

In order to apply for the Installation License, the entrepreneur must submit detailed plans for the facilities and
infrastructure, covering aspects such as engineering, environmental control systems, waste management plans,
among others. These executive pjects must accurately reflect the characteristics planned for the project, as well as
the mitigating and compensatory measures proposed to reduce the environmental impacts identified in the
EIA/RIMA.

It is important to note that compliance with the conditions set out in the Preliminary License is essential for the
Installation License to be granted. The entrepreneur must demonstrate that he is in compliance with the previously
established requirementsas well as ensuring that the environmental control systems and mitigation measures are

being duly implemented.

In this case, according to Article 82 of CEMA Resolution 107/2020, the competent environmental agency may require
the submission of an Environmental Control Plan (PCA), detailing the environmental plans and programs to be carried
out when implementing theproject.

The PCA expands on the EIA/RIMA strategies, offering a detailed plan of actions, outlining how they will be carried
out, the resources needed, the timetable and those responsible. In addition, it requires the presence of qualified
specialists to supervisexecution, monitor results and make adjustments, ensuring compliance with the proposed
measures.

In addition, the PCA also requires the presence of professionals with technical responsibility. As with the EIA/RIMA,
the participation of qualified specialists is essential to guarantee the effectiveness and suitability of the measures
proposed in the plar. These professionals not only supervise the execution of the actions, but are also responsible
for monitoring the results obtained, making adjustments if necessary and reporting back to the environmental agency
responsible for licensing.

State Decree No. 6.848/2009 provides for monetary environmental compensation to be applied at the time of the

project's Implementation License, in the amount of 0% to 0.5% of the project's CAPEX, varying according to the size
and scale of the project andt$ degree of potential impact.
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With the Implementation License issued, the developer will be able to build the works and installations until the
systems are commissioned.

45.3.3 Operating License for Biogas Plants

In order to obtain the Operating License, the entrepreneur must prove that all the measures provided for in the
approved projects have been adopted, as well as demonstrating that the environmental control and monitoring
systems are working properly. Thisdludes compliance with waste management plans, monitoring of atmospheric
emissions and effluent treatment, among other aspects relevant to environmental preservation.

The granting of the LO may include specific conditions that must be complied with during the operation of the
project. These conditions are guidelines and requirements imposed by the environmental authority to ensure the
continuity of activities in a sustaable manner, minimizing environmental impacts. The sole paragraph of Art. 86 of
CEMA Resolution 107/2020 states that when applying to renew the Operating License, it may be required to submit
periodic reports on monitoring, control and/or environmentalecovery work, duly signed by the technicians
responsible.

4.5.4 Environmental Licensing of Syncrude Production Unit

The Syncrude Production Unit comprises the connecting pipes between the biogas plants and the Syncrude industrial
production unit itself.

For the licensing of this Module, there are two points of analysis in terms of the regulations in force. With regard to
biogas pipelines, the project's classification under the regulations is, by similarity, equivalent to the licensing of
pipelines. With egard to the Syncrude production unit, there is no specific designation in the regulations for the
project's classification; therefore, by similarity, the industrial licensing regulations for chemical production and/or the
transformation industry were estdished in the analysis.

45.4.1 Preliminary license for the Syncrude Production Unit

The work to lay the biogas pipeline connecting the biogas plants and the Syncrude plant, as well as the Syncrude
plant itself, will require an environmental authorization and licensing process to be carried out with the environmental
agency.

Article 59 of CEMA Resolution 107/2020 establishes that oil pipelines, alcohol pipelines, gas pipelines and poly
pipelines are undertakings, activities or works with a significant environmental impact and, therefore, require the
presentation of anEIA/RIMAwith the appropriate public hearing.

The same technicahdministrative procedures as for the licensing process for biogas plants are expected for the
Syncrude plant, as described above. It is possible, depending on the criteria adopted by the licensing body, for the
Syncrude plant to be inclded in the sole paragraph of Article 59, and an EIA/RIMA should be required in the
environmental licensing process if, due to the peculiarities of the undertaking and the impacts assessed, the
undertaking, activity or works are potentially causing sigrafit environmental impact. In this case, a Public Hearing
must be held.

The EIA and its respective RIMA, as already described, are the environmental studies of an activity or undertaking

that uses environmental resources, effectively or potentially causing significant pollution or other forms of significant
environmental degralation, to be carried out beforehand in order to analyze its environmental viability.
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Item VII of Article 59 of CEMA Resolution 107/2020 also defines that, in the case of gas pipeline projects, a Risk
Analysis must be carried out in addition to the EIA/RIMPe Risk Analysis of projects involves discerning the possible
origins of dangers associated with the proposed activity, from the specifics of the project to the chemical substances
and industrial processes involved. This approach aims to anticipate adveituations that may arise during the
execution of the project, enabling the imphlaentation of appropriate preventive and control measures.

This study requires a comprehensive analysis of the geological, hydrological, biological and-sacinomic aspects

of the area affected by the project, as well as a detailed assessment of the environmental and social effects resulting
from the project's ativities. This process includes identifying the ecosystems affected, checking the quality of the air,
water and soil, as well as considering the impacts on human health and local communities.

In addition, provision must be made for the respective Forestry Authorization, which authorizes the cutting or
suppression of native vegetation for the implementation of the works. The Forestry Authorization requires the
preparation of a Flora Characteritimn Report, in accordance with CONAMA Resolution 02/1994, in the licensing
process itself, as part of the EIA/RIMA.

45.4.2 Installation license for the Syncrude Production Unit

As already described, when applying for the Installation License, the entrepreneur must submit detailed projects
covering engineering, environmental control and waste management aspects. These projects must faithfully reflect
the characteristics planned fahe project, incorporating measures to mitigate environmental impacts as identified in
the EIA/RIMA. Furthermore, compliance with the conditions set out in the Preliminary License is vital to obtaining the
Installation License, requiring the entrepreneto demonstrate compliance with previous requirements and ensure
the implementation of environmental control systems and mitigation measures.

In accordance with CEMA Resolution 107/2020, the application for the Installation License for the biogas pipelines
and the syncrude unit may require the submission of RCA detailing environmental plans and programs to be
implemented during the project's implementation phase. The PCA deepens the strategies of the EIA/RIMA, offering
a detailed plan of actions, with specifications on execution, resources, timetable and resipiities. Qualified and
technically qualified professionals must prepare this syuand supervise its execution, monitoring the results and
ensuring compliance with the proposed measures.

State Decree No. 6.848/2009 provides for monetary environmental compensation to be applied at the time of the
project's Implementation License, in the amount of 0% to 0.5% of the project's CAPEX, varying according to the size
and scale of the project andt$ degree of potential impact.

The Implementation Licenses for the pipelines and the Syncrude plant could be established in parallel and not linked,
allowing the entrepreneur to establish separate equipment installation works for each project once they have been

issued. However, this djpn requires a risk assessment of the environmental agency's deliberation deadlines, and

there could be a mismatch or even obstacles in the deliberation, resulting in risks for the entrepreneur.

With the Implementation License issued, the developer will be able to build the works and installations until the
systems are commissioned.

45.4.3 Operating license for the Syncrude Production Unit

In order to obtain the Operating License (LO), the entrepreneur must prove that the approved projects have been
fully implemented, guaranteeing the full operation of the environmental control systems. This involves strict
compliance with waste management, essions monitoring and effluent treatment plans, ensuring compliance with

environmental preservation requirements. In addition, the granting of the LO may contain specific conditions that
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guide the sustainable operation of the enterprise, with a view to minimizing environmental impacts. Furthermore,
according to the sole paragraph of Article 86 of CEMA Resolution 107/2020, the renewal of the LO may require
periodic monitoring, control and @vironmental recovery reports, signed by the technicians responsible.

45,5 Grants for the use of water resources

In addition to the environmental licensing of the projects, there is a projected need to apply for a Water Resources
Use Grant, both because of the planned use of surface or underground water for use on the fanmakin the industrial
units, and because of the possibility of discharging industrial effluents at the Syncrude production unit.

For farms, depending on their size, there may be no need to issue a Water Resources Use Grant, since the amount
of water used for washing and supplying livestock is considered "insignificant use". However, even if the permit is not
required, it should be ted that the water abstraction must be registered with the IAT, in compliance with current
regulations. The registration process is simple and should be the responsibility of each farmer who joins the program.

In the case of the use of water resources in large bolumes, according to Article 12 of CEMA Resolution 107/2020, the
processes for obtaining water resource concessions are normally instructed by hydrogeological studies that analyze
the environmental capacty of the body of water to supply water, either through a surface or underground source,

or to receive effluents from an industrial process.

In the case of a groundwater abstraction grant, in addition to the hydrogeological study, with information on the

location of the well, the intended flow rate for the system, geological information on the aquifers, geological
structures, hydraulic charactistics and water quality, among others, the executive project for the abstraction well

must be submitted, with a view to authorization for drilling (prior consent). The well's executive project must be
accompanied by an Annotation of Technical ResponstilART) issued by a qualified professional.

In the case of an effluent discharge grant, in addition to the hydrogeological study analyzing the flow and quality of
the effluent, as well as the environmental viability of the receiving body, the Sewage Treatment Plant (STP) project
must be submitted, acompanied by an ART issued by a qualified professional.

45.6 Environmental Compliance Matrix of the Green Fuels Parani Program

A general matrix on the Program's regularity is shown below irable 46. It mentions licensing guidelines,
environmental requirements and the bodies involved in the different licensing arrangements for the project, covering
farms, manure and biogas pipelines, biogas plants and the Syncrude plant.

The matrix outlines the specific processes for each arrangement, from the renewal of environmental licenses for farms
to the procedures involved in licensing manure pipelines, biogas plants and syncrude plants, offering a
comprehensive and structured oveimw of the steps and requirements for environmental licensing in different
contexts.

Table4-6 Guidance matrix for the project's environmental licensing process, considering the different viable
arrangements for the process.

ARRANGEMENT LICENSING ENVIRONMENTAL INSTANCES REMARKS

INSTRUMENTS REQUIREMENTS INVOLVED

1 | GRENADES Renewal of LAS or LC T RAP IAT
Rural Producers
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ARRANGEMENT LICENSING ENVIRONMENTAL INSTANCES REMARKS
INSTRUMENTS REQUIREMENTS INVOLVED
Cooperatives
2 | WASTE DUCTS | Environmental 1 EIA/RIMA IAT
Authorization 1 Flora
Characterization
Report
PCA
BIOGAS PLANTS| LP RAP IAT
1 Flora IPHAN
Characterization City Hall
Report
LI 1T PCA IAT Sequential
f Compliance with IPHAN instrument after
the LP City Hall LP
LO 1 Compliance with| IAT Sequential
the LI IPHAN instrument after
City Hall LI
IBAMA
Federal Police *
Ministry of
Defense *
Water allocation 1 Application IAT If necessary
(surface) f  Hydrogeological | ANA **
study
Water allocation 1 Application IAT If necessary
(underground) 1 Hydrogeological ANA **
study
1T Well Executive
Project
Effluent licensing 1 Application IAT
1 Hydrogeological ANA **
study
ETE project
3 | BIOGAS PIPES | Environmental EIA/RIMA IAT
Authorization f Characterization of
the Flora
1 Risk Analysis
1 PCA
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ARRANGEMENT

SYNCRUDE
PLANT

* o f

LICENSING
INSTRUMENTS

ENVIRONMENTAL
REQUIREMENTS

INSTANCES
INVOLVED

REMARKS

restricted

Source: Author's elaboration, 2023.

LP EIA/RIMA IAT
Risk Analysis IPHAN
Flora City Hall
Characterization
Report
LI PCA IAT Sequential
Compliance  with| IPHAN instrument after
the LP City Hall LP
LO Compliance  with| IAT Sequential
the LI IPHAN instrument after
City Hall LI
IBAMA
Federal Police *
Ministry of
Defense *
Water allocation Application IAT If necessary
(surface) Hydrogeological | ANA **
study
Water allocation Application IAT If necessary
(underground) Hydrogeological | ANA **
study
Well Project
Effluent licensing Application IAT
Hydrogeological ANA **
study
ETE project
products  are handled ** if federal water resources are used

4.6 Benchmark Assessments of Greenhouse Gas Emissions in the Green Fuels Parana Program

In September 2023, the Federal Government extended Brazil's commitment to reducing greenhouse gas emissions
from 37% to 48% by 2025 and by 2030, the forecast had risen from 50% to 53%. In view of these new Nationally
Determined Contributions (NDCs) esta$iied by the Brazilian government, the efforts of all parties, governments,

society and companies have gained strength and also greater responsibilities to work towards compliance with the

NDCs.

Inter-federative relations between countries to combat climate change are ensured by the provisions of the Kyoto
Protocol (1997), its Cap and Trade and CDM mechanisms, and the Paris Agreement (2015/2016). From these arise
various opportunities for Brazilat act and develop programs to combat climate change or carbon programs in joint
actions and publieprivate partnerships, including with international federations.

Every carbon program needs to establish its baseline. Whether this is to demonstrate the greenhouse gas emissions
that the scope of the program will cover and deal with, or carbon stocks to determine avoided emissions or to
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determine the volumes of carbon that will be added to the baseline. Determining the baseline is fundamental to any
program, and can be more or less complex, and consequently require more or less effort.

The Rural Sanitation, Bioenergy, Biofuels and H28reen Fuels Parana Program is planned to be implemented in
eighteen municipalities in the west of Parana, with the city of Toledo as the main hub, and therefore has the potential
to involve a wide range 6social actors, such as the government, academia, private companies and rural producers.

The Green Fuel$arana Program aims to present new technologies for the disposal and treatment of organic animal
waste, with socieenvironmental and economic additionalities for rural producers and the local, state and national
economy. These new technologies have a higlatential for reducing local and regional environmental pollution, as
well as reducing the effects and socieconomic damage linked to the processing of this waste throughout its life
cycle, from the cradle (generation) to the grave (final disposal on faem).

In the current scenario, conventional waste management practices in these eighteen municipalities cause a lot of
socio-environmental damage, such as the emission of methane, ammonium and hydrogen sulphide gases, with the
production of odors and contaminatig particulate matter; the production of liquid or seméolid waste with high
nitrogen and phosphorus loads; production of socieconomically important pests for the development of
agricultural and urban activities, animal and human diseases, environmesttalss in animal production areas and
consequently an increase in animal mortality rates, a high rate of natural water consumption, management conflicts
during periods of drought and water stress, and during periods of excessive rainfall which cause ab@dagoons

to leak.

As a result, there are severe local environmental limitations to the expansion of livestock production in the region,
including the blocking of new environmental licenses, even considering the large potential secmnomic horizon

to be explored with theexpansion of livestock farming. The solution, even if only partial, for the treatment and
disposal of animal production waste represents an opportunity to expand livestock production on a sustainable basis.

The treatment of manure using other technologies will also generate additional environmental gains, since the laws
regulating the application of manure in the field are becoming more restrictive with regard to the presence of
phosphorus. And new technologis will even facilitate the implementation of Frimesa's production expansion plans,
which aim to double its pig production.

Other problems can also be addressed by the Program, such as better management of water resources, improving
and guaranteeing agricultural productivity, integrating and solving problems arising from the management of dead
animal carcasses, improving the magement of poultry litter, reducing animal mortality due to improved production
environments, reducing the risk of contamination of soil and water resources, the human-hedthg of rural
producers and the communities and societies around them, and thenease in income for the recovery of the
capacity and economic empowerment of rural producers and their farming families.

The Green Fuel®arana Program, in addition to its objective of transforming waste management techniques, has the
potential to promote improvements in the welbeing of rural producers, their properties and animal production
processes. These benefits will be brought abdoy technological innovations and changes to the energy matrix of
properties with the implementation of the Distributed Generation system and by the potential return of income to
producers due to the increase in remuneration derived frometprovision of effluents usable in the production of
biogas and biomethane, since the system presupposes cooperative organization for the provision of production
inputs at the plants.

In addition to the socieenvironmental benefits listed above, this chapter presents reference calculations of the

greenhouse gas (GHG) emissions avoided in the atmosphere as a result of the implementation dbtben Fuels
Parana Project. These projections provide a view of how representative the project will be, once implemented, in
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terms of its contribution to climate change adaptation measures, as well as providing a benchmark for entrepreneurs
in terms of the potential related to the carbon market. And their contributions to the Brazilian NDCs.

The baselines for conventionabgsiness as usuplwaste treatment systems and other processes involved in the
Program's production and value chains are set out here, presenting important considerations for boosting
contributions to the fight against climate change and soegnvironmental improvements inlocal agricultural
production systems.

4.6.1 Methodological Approach

The baselines of a carbon program are fundamental, as they determine the milestones linked to processes and
systems, as well as their opportunities for sequestration and fixation, reduction and possibilities for avoided emissions.
All programs need to presnt their baselines in order to be validated on the carbon market and accepted in the
processes for recognizing their benefits (certifications). Without baselines, no program has the technical or economic
viability to comply with national or internationaliDCs.

Baselines must be defined using methodologies validated by the UNFCCC/IPCC and must be aligned with the
program's objectives and goals. To this end, compliance with international validation and certification agreements is
essential, starting with registrian with one of the international CDM, VERRA or Gold Standard schemes. These certify
methodological compliance throughdue diligenceanalysis, baseline validation, field audits and verification of the
processes, values and results presented in the projdotuments.

A greenhouse gas (GHG) emission baseline must delimit the scope of the program's emissions, comply with the
methodology validated in the UNFCCC, and present results in full accordance with the methodological assumptions.
Likewise, the baselines for sequeshg and fixing carbon in natural or anthropogenic systems, and maintaining
carbon stocks, through the values of carbon that will not be emitted.

The Green Fuels Parana program has a direct bias in the baselines of emissions avoided by technological change,
such as changing the treatment of manure, changing the energy matrix, generating-ltawbon energy source
products that can replace higfcarbon energy sources and an indirect bias in the use of biodigestate as a source of
nutrients for agricultural production.

The materials used for this work were reports, data and information on tBeeen Fuel$arana Program. Therefore,
the analyses carried out were based on secondary data obtained directly from the entrepreneursl(®)eand the
other consultants involved in the H2UPP project, and also involved interviews with technicians linked to the Program.

We used data from the Sicredi Avoided Methane Umbrella Program, developed in Parana and Santa Catarina and
registered on the VERRA platformd925 https://registry.verra.org/app/projectDetail/VCS/4925, considering primary

data on emissions from pig and cée production.

The following methodologies were used to construct methane emission baselines from animal waste treatment
lagoons:

1 AMSIILY - Smaliscale methodology- Methane avoidance through separation of solids from
wastewater or manure treatment systems; e,

1 AMSIILI- Avoidance of methane production in wastewater treatment through replacement of
anaerobic systems by aerobic systems (Version 08)
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For the volume of waste produced annually per animal, data from the literature was used for fish and poultry, which
was crossreferenced with data sources from AMAR SUSTAINABILIDADE for pig and cattle farming, using the AMS
l1l.Y methodology- Smaltscale methodology Methane avoidance through separation of solids from wastewater or
manure treatment systems

In accordance with the AMS AN methodology (version 04), the emissions generated in the conventional system for

treating animal waste
the equations below.

in anaerobic lagoons were calculated using the following calculation methods, according to

608 YOD(U wx600dRe 0 QU v, € 605 U DAL000 (Equation 1)

Where:

voh =

b 600 0=

Model correction factor to take into account model uncertainties (0.89)8

Volume of wastewater entering the solids separation device in yeamy )

Chemical oxygen demand of thevastewater entering the solids separation device (Rg/)
Volume of wastewater leaving the solids separation device in yeamy )

Chemical oxygen demand of the wastewater leaving the solids separation devicentkg/

Methane production capacity of wastewater (IPCC default value of 0.25 kg @g COD or
0.6 kg CH4/kg BOD)

Methane correction factor for the baseline anaerobic wastewater treatment system

The reference emissionare calculated using Equation 1 of the AMS IIl.Y methodology (version 4), and Equation 2 is
used to determine the net emissions of the conventional animal manure treatment system.

BE = BE ww treatment ¢ BEww highy+ BEstreatmenty + BE Sinaty (Equation 2)

Where:

BEy = Reference emissions in year y (tCO2e)

B ww treatmenty = Treatment y Methane produced in the baseline anaerobic wastewater treatment
system(s) being replaced by the aerobic biologicistem(s) (tCO2e)

BE ww highy = Methane emissions due to inefficiencies in basic wastewater treatment systems and

BE s treatment y

BE s final

the presence of degradable organic carbon in treated wastewater discharged into
rivers/lakes/seas, etc. (tCO2e)

Methane treatment produced in the baseline sludge treatment system(s) (tCO2e)

y= Reference methane emissions from the anaerobic decomposition of the final
sludge produced (tCO2e)

It should be emphasized that th8E ww ytreatment is the only oneapplicable to this project. Therefore, it is the only
one considered for the equation, which results in equation 3:

172 439



Environmental

BE = BEww treatmenty (EQuation 3)

Where,
BEy = Reference emissions in year y (tCO2e)
BE ww treatmenty = Methane produced in thebaseline anaerobic wastewater treatment system(s) that

is/are being replaced by the aerobic biological system(s) (tCO2e)

These methodologies are registered with VERRA and the UNFCCC and the data on the static herd of cattle, pigs and
poultry was provided by the management team of the Rural Sanitation Program, Bioenergy Biofuels and3REEN
FUEL®ARANA Energy Transition + Circular Economy.

The methodological steps included the annual harmonization of all the data and subsequent normalization to the
functional unit of m3 of methane from the various sources, since in order to calculate and define the baseline it is
necessary to consider thertie frame of one year. For this reason, data was adjusted to technical production and

management issues for one year.

In Table 47, as reported by the Green FuelsParana Program, shows the numbers of animals in the eighteen
municipalities involved in the program's study area, the amount of manure generated per animal and per herd.

Table4-7 Number of animals in the annual herd of the eighteen municipalities in the program, the relative and
absolute quantities of waste generated in a year.

ANIMALS DEJECT PER ANIM/ LIVESTOCK
(kglyear) (kglyear)

Fish 125.000.000,00 8,93 1.116.250.000,00

Birds 73.649.650,67 8,00 589.197.205,33

Pigs Finishing 3.149.193,00 4.175,60 13.149.770.290,80

Sow Pigs (UPL) 239.048,00 10.249,20 2.450.050.761,60

Piglets Piglets 3.742.758,00 1.138,80 4.262.252.810,40

(nurseries)

Cattle 30.000,00 17.082,00 512.460.000,00

22.079.981.068,13
Source: AMAR Sustainability (2024), based on information from-MeGbmH (2024).

4.6.2 Emissions Analysis

The region's conventionallusiness as usual) wasteeatment system is an anaerobic lagoon for sersolid waste
from pig and cattle farming; for fish farming waste, it is land application without chemical and biological control; for
poultry farming waste, it is land application as a source of nitrogen, bgoultry litter and waste from carcasses and
eggs. These systems of opeair manure application, without chemical or biological control, are sources of high
greenhouse gas emissions during the decompasit of organic matter.

An analysis of the figures in Table 1 shows the large volume of waste generated by each type of animal, as well as
the total volume of the animal herd over the course of a year, corresponding to 22,079,981.07 t/year. Certainly, this
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large volume of material to be treated, dispersed or applied to agricultural land in the eighteen municipalities in the
Green Fuel®arana program study area represents significant impacts on the environment and society. So much so
that there are environmental licensing limitations for the expansion of livestock farming in the region, indicating that
the load of waste currently produce tends to reach or even exceed the maximum load capacity and nutritional
purification capacity in natural and mamade envionments, due to the ecotoxicity, acidification and eutrophication

of local soils and waters, mainly due to the presence of phosphorus (P), an element with high polluting power in the
environment.

The following baseline results were obtained from thH@reen Fueldarana Program considering the established
production modules, namely agricultural production, biogas production, biomethane and Syncrude production.

4.6.2.1 Emissions Analysis in the Livestock Production Module

Based on the data presented in Table 1, the methane emission values for manure production were calculated using
the AMSIILY methodology, considering each type of animal and based on the current herd in the study region, as
informed by the entrepreneur.n Table 48 shows the emission values of the resulting baselines.

In order to verify the estimated manure production of the 18 municipalities mentioned, the research developed by
Sordi, Alexandre et al. (2005) on the potential daily generation of biogas from poultry manure, which is 0.014 m3 per
bird, was used. Embrapav@ne and Poultry in Concordie5C has developed a platform for calculating the potential
for generating waste and biogas (Biogasforte, 2018), so the data obtained came from this platform for finishing pigs,
sows (UPL) and piglets (nurseries), as well agdat direct GHG emissions from animal production.

Table4-8 Ratio of manure per animal, volume of GHG emissions per manure and for the total herd of animals, in
one year

ANIMALS TOTAL ROSTE| EMISSIONS €] (€ GHG EMISSIONS FROM
(kg/animallyear) | EMISSIONS THE PLANT IN 10 YEARS
FROM THE (TCQ E/10 years)

PLANT PER

YEAR (TC9

Elyear)
Fish 125.000.000,00| 0,73 1.358,10 13.581,04
Birds 73.649.650,67 | 0,32 885,84 8.858,42
Pigs Finishing 3.149.193,00 | 880,00 9.643.164,88 96.431.648,80
Sow Pigs (UPL) 239.048,00 2.000,00 4.083.417,94 40.834.179,36
Piglets Piglets (nurseries 3.742.758,00 180,00 639.337,92 6.393.379,22
Cattle 30.000,00 21.070,00 8.997.943,50 89.979.435,00

23.366.108,18 | 233.661.081,83
Source: AMAR Sustainability (2024), based on information from-MeGbmH (2024).

AnalyzingTable 48 it can be seen that manure, in the current system for its treatment, is a source of high emission
rates of methane (CH4 dr carbon dioxide equivalent (CO2 e), the main greenhouse gases (GHG). These gases, if
released freely into the atmosphere, are precursors of climate change processes due to their large quantities,
representing a high potential influence on global warming
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Also inTable 48 shows the potential volumes of GHG emissions (methan€H4 ) that could be reduced if another
technology and waste treatment system were used instead of anaerobic lagoons (business as usual). In this case, the
Green Fuels Parana Program, if implemented the scale and operational intensity planned, will have the potential

to avoid the emission of 23,366,108.18 tCO2 e/year, generating carbon credits that can be traded on international
platforms and can be taken into account when accoungior national NDCs or can be used to neutralize production
systems. The 100% elimination of anaerobic lagoons is unlikely, but the numerical calculations presented above give
an indication of the current challenges facing the region due to the real enoss of the current scenario.

If the volumes of emissions avoided were extrapolated over a 4gear period, as proposed by the AMELY
methodology, maintaining the current plantations, the total projected volume of emissions would be 233,661,081.83
tCO2 over 10 years.

4.6.2.2 Analysis of the potential for Avoided Emissions in the production of Biogas And/Or Biomethane

TheGreen Fuel®arana Program establishes the production of biogas and biomethane from the use of animal waste
as a new technology for reducing emissions presented in the baseline replacement of the business as usual manure
treatment system. This represents a direct redion in emissions of methane and other gases into the atmosphere.

This new technology, in addition to changing the way animal waste and effluents are treated and disposed of, will,
when in operation, result in the minimization of the negative soeamvironmental impacts listed above, combined
with positive contributiongo combating climate change, as well as boosting other opportunities for economic gains
that will certainly be reflected across the entire spectrum of Program patrticipants.

Animal waste has the potential to generate biogas in local or group biodigestdrable 49 shows the potential values
for biogas generation from each type of waste generated by the anintedrd over the course of a year.

Table4-9 Potential volume of biogas generated from the volume of animal waste for one year's herd.

ANIMALS DEJECT/PLANT/YEAR BIOGAS GENERATION POTEN
(kglyear) (m3/year)

Fish 1.116.250.000,00 NE

Birds 589.197.205,33 2.448,67

Pigs Finishing 13.149.770.290,80 3.830.840,06

Sow Pigs (UPL) 2.450.050.761,60 175.199,31

Piglets Piglets (nurseries) | 4.262.252.810,40 259.198,37

Cattle 512.460.000,00 10.665,58

TOTAL 22.079.981.068,13 4.278.351,99

Source: AMAR Sustainability (2024) based on information from-MeGbmH (2024).

In Table 4.9t can be seen that fish waste does not have the potential to generate biogas; however, it can be included
in the treatment processes for animal waste on rural properties, since the vast majority of fish farmers carry out other
agricultural activities.

It can be seen that the production of biogas (ms3) can contribute to the emission of a certain volume of tCO2 and,
depending on the type of waste considered, because each waste has its own chemical composition and specific
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characteristics, biogas from cattle waste has the highest rate of avoided methane emissions and poultry waste has
the lowest rate of avoided methane emissions.

In the case of biogas from biodigesters, in addition to avoiding emissions from the natural degradation of organic
matter in waste, there is also the possibility of converting methane (CH4 ) into thermal and/or electrical energy
sources, as well as the pduction of other products from biogas and biodigester waste, such as biodigestate.

If the volumes of emissions avoided were extrapolated over a {gear period, as proposed by the AMEILY
methodology, maintaining current plantings, the total projected volume of emissions avoided would be
233,661,081.83 tCO2e/10 years.

4.6.2.3 Analysis of the potential for Avoided Emissions in Syncrude Production

Among the scenarios analyzed, 3 different scenarios were considered, of which A and B refer to the generation of
Syncrude and aviation biofuel (SAF), with the difference in efficiency dealt with in scenario B due to the use of the
water vapor change reactin; and for scenario C the exclusive production of Methanol is destined.

Scenario A- Syncrude and SAF + Recycles

Scenario B Syncrude and SAF Recycles + RWGS

Scenario G Methanol

In Table 410shows the potential uses of biogas for the production of Syncrude and methanol according to the
technological descriptions presented in scenarios A, B and C of the Gragzid-Parana Rbgram.

Table4-10Potential use of biogas for the production of Syncrude and methanol.

ANIMALS BIOGAS SYNCRUDE SYNCRUDE METHANOL
GENERATION POTENTIAL POTENTIAL POTENTIAL
POTENTIAL (m3lyear) IN| (m3/year) IN| (m3/year)
(m3fyear) SCENARIO A | SCENARIOB | SCENARIOC

Fish NE NE NE NE

Birds 2.448,67 609,11 861,20 1.244,28

Pigs Finishing 3.830.840,06 952.920,69 1.347.313,68 1.946.627,87

Sow Pigs (UPL) 175.199,31 43.580,79 61.617,93 89.026,91

Piglets Piglets (nurseries) | 259.198,37 64.475,54 91.160,56 131.710,74

Cattle 10.665,58 2.653,06 3.751,10 5.419,68

4.278.351,99 1.064.239,19 1.504.704,47 | 2.174.029,48
Source: AMAR Sustainability (2024) based on information from-MeGbmH (2024).

4.6.2.4 Analysis of the Potential for Fugitive Emissions based on Electricity Consumption

In the case of the Green Fuels Parana program, which will use biogas to produce methane, carbon dioxide (CO2 ),
biohydrogen, Syncrude (CnH2 n) and other derivatives, large amounts of energy will be consumed in production
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processes. The consumption of this large amount of energy determines thecatled "generation of fugitive
energies”, which can have different GHG emission rates depending on their origins (energy sources).

The potential for minimizing, or even eliminating, the release of methane and other gases into the atmosphere from
organic matter biodigestion technology, considering the possibilities for using biogas to build Syncrude and Methanol
production scanarios, are presented in Table-41.This is based on a theoretical projection based on data provided

by the developer, with analysis backed up by primary data obtained from the project developed with SICREDI, as
already mentioned, and using emissions data for Biégity, from a hydroelectric energy source.

Table4-11Conversion/transformation ratio and generation of syncrudand methanol from biogas in scenarios A, B
and C with hydroelectric energy matrix

ethanc _ Qua €
Pl100a Ola groeie
Qe DIO(d c 0
PDOLE d = O 0
0 O2e/to 0
de avoided Of Prod
elralil PDIOG PDIOQ
Unit tht t/t tCO2e tCO2e tCO2e
Scenario A 0,249 4,0201 68,03 60,6526 7,38
Scenario B 0,352 2,8433 48,11 42,8980 5,22
Scenario C 0,508 1,9679 33,30 237,6166 - 204,32

Source: AMAR Sustainability (2024) based on information from-MeGbmH (2024).

Considering the use of hydroelectric power for the production &yncrude and Methanol in scenarios A, B and C,
their total production volumes and according to thdable 411.In scenario A, the net emission is 7.38 tCO2 and
avoided per ton of final product; in scenario B the net emission is 5.22 tCO2 and avoided per ton of final product;
and in scenario C the net emission is an addition&i04.32 tCO2e per ton of final productin other words, scenario

C generates more GHG than it would avoid.

The deduction of fugitive emissions generated by the consumption of energy to carry out biogas production
operations and their derived products, as well as their -pooducts, is mandatory according to the
UNFCCC/IPCC/VERRA methodology and the Gold Standami these fugitive emissions can lead to negative final
net balances.

As can be seen, the total annual volume of emissions avoided, considering the current herd indicated by the
company, amounts to 23,366,108.18 tCO2ve//year. It should be noted that the actual methane avoided in the
technological generation process differs from that estimated from the methagenic potential of the manure in natura.
This is due to the efficiency factor of the system and the technology usedechnological scenarios A, B and C.

In Table 412 are examples of GHG emissions for each type of energy source that can be used in production
processes, considering the Program's scenarios, and which need to be deducted from the final volumes of emissions
avoided in the processes consideredhe sametable shows the GHG emission rates for the production of each
source of electricity to be considered. The fugitive emissions values for each energy source were calculated using the
GHG Protocol method, due to the lack of primary data.

Table4-12Electricity consumption in the Green Fuels Parana Program scenarios, with fugitive emissions from the
different electricity sources per ton produced.

ﬁﬁ Emission of tCO2e per t of Syncrude
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EE

SVl consumption
Productuon (MWht of Hydroelectric
Scenarios

Syncrude)
Scenario A 1,58 60,65 0,03 0,1
Scenario B 1,11 42,9 0,02 0,07
Scenario C 6,17 237,62 0,12 0,41

Source: AMAR Sustainability (2024) based on information from-MeGbmH (2024).

In Table 4.12t can be seen that theproduction of Syncrude and Methanol from hydroelectric power generates larger
and more significant volumes of fugitive GHG emissions than the production of Syncrude and Methanol from wind
and solar photovoltaic electricity sources.

Considering the maximum annual potential generation of Syncrude and Methanol from the volumes of biogas that
can be obtained from biodigesters for treating animal waste. Through the biogas generated, the estimates of GHG
emissions generated for the produatn of Syncrude and Methanol in scenarios A, B and C are showitable 412
considering the total possible production volumes for Syncrude and Methanol.

Intable, 4.13,n Scenarios A and B, electricity consumption of 212,750.00 MWh/year is required for the production of
Syncrude and in Scenario C the electricity consumption required for the annual production of methanol is
1,702,640.00 MWhl/year. It should be noted thatettfSyncrude generated in Scenario B, despite needing the same
amount of electricity as the Syncrude in Scenario A, has the lowest GHG emissions. Among the energy matrices, wind
is the EE source with the lowest GHG emissions in all scenarios

Table4-13Electricity Consumption in the Scenarios of the Green Fuels Parand Program, with Fugitive Emissions
from the Different Electricity Sources for Annual Production.

Syncrude EE consumption fo| Annual tCO2e emissions

Production Syncrude's annu Hydroelectric Wind

Scenarios production (MWhl/year)

Scenario A 212.750,00 12.903.287,50 6.382,50 21.275,00
Scenario B 212.750,00 9.126.975,00 4.255,00 14.892,50
Scenario C 1.702+640,00 404.581.316,80 204.316,80 698.082,40

Source: AMAR Sustainability (2024) based on information from-MeGbmH (2024).

In Table 414the net emissions balances for Syncrude and Methanol produced in scenarios A, B and C with the

different electricity sources are shown.

Table4-14Balance of Emissions from the Different Sources of Electricity for Annual Production.

Syncrude
Production
Scenarios

Hydroelectric

Emission balance of tCO2e/year

Wind

H

Solar

Scenario A 10.462.820,68 23.359.725,68 23.344.833,18
Scenario B 14.239.133,18 23.361.853,18 23.351.215,68
Scenario C - 381.215.208,62 23.161.791,38 22.668.025.78

Source: AMAR Sustainability (2024).
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In Table 4.14he balances of net GHG emissions are presented, showing tleaitthe Hydroelectric energy matrix,
scenario C presented environmental unfeasibility, with emissions generated higher than emissions avoided, at
381,215,208.62 tCO2e per year. Scenario B showed the highest avoided emissions, with a reduction of 23,381,853
tCO2e per year when using wind power.

4.7 Conclusions on the viability and environmental regularity of the Green Fuels Paran& Program

TheGreen Fuel®arana Program is at the idealization and technical and financial feasibility studies stage. The program
involves multiple projects spread over a wide area (18 municipalities) in an integrated system.

The approach presented here establishes perceptions about the Program's suitability in environmental terms and
conclusions about environmental viability understood from the formal approach of licensing, taking into account the
information available on thegeneral set of projects that make up the Program and their potential effects on the
environment and the society that inhabits the region.

At this stage of idealization and feasibility analysis of the Program, there is no information on specific variables that
are fundamental for assertive environmental analysis, such as which production alternative will be adopted by the
entrepreneur- Syncude/SAF or Methanot for example, or on the exact location of the structures and infrastructures
that make up the Program. The detailed analysis of environmental licensing depends on the precise definition of the
object to be licensed and the exact locatnal information to determine the feasibility of obtaining the licenses for the
project. There is no such thing as generic environmental licensing or licensing for an undetermined location.

The environmental analyses carried out on all the elements that make up the proposal are, in a way, limited to the
general conception of the Program, and are also based on the analyses carried out in the study called "Technical and
Economic Feasibility Sty of Biogas and PtX Production Plants for Mee in Parand", presented in a specific report
produced by professionals linked to the Federal University of Parana and NIRAS. The study compares methane,
biogas, methanol and Syncrude/SAF production scenariagstablishing comparative technical and economic
feasibility analyses.

In terms of environmental licensing, the evaluation of the studies mentioned above indicates that there are important
differences and factors in the various scenarios for producing biogas, biomethane, Syncrude/SAF and methanol, but
they do not alter the fam or the procedure for obtaining environmental licensing for the Program. Whichever
alternative is adopted from the options presented in the study, for the production volumes considered, it will require
full three-phase environmental licensing and wateesource use grants. This conclusion can be drawn from the
framework of the projected size of the projects and the volume of production envisaged, with all the alternatives
presented establishing a similar framework with regard to the regulations in force.

While on the one hand there will be no significant difference in the way licensing is obtained, there will certainly be
significant differences in the environmental conditions applicable to the Program, depending on the alternative
adopted. For example, ta variable production projections for processes 1, 2 and 3, as presented, indicate a variation
in the volumes to be produced from 7.5 to 22 tons/h. This variation already defines, albeit simplistically, a change in
the size and volume of production that Wihave an impact on the licensing process and certainly on the number of
environmental conditions to be met. However, it is important to note that these changes will not create major
differences in the challenges of compliance, since the environmentalditans are expected to be similar between

the alternatives adopted.

Care should be taken to consider Environmental Compensation in relation to the alternative adopted. It should be
noted that Environmental Compensation is a different tool from Environmental Conditioning, the former being
applied monetarily as a fraction o€APEX ranging from 0% to 0.5%, at the discretion of the licensing environmental
agency. In the case of a project with a high value to be invested, this Environmental Compensation could represent
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a significant financial impact for entrepreneurs, bearing in mind that it will add costs to the other elements to be paid
as a result of Environmental Licensing and the regularity of the project.

4.7.1 Environmental viability of the Green Fuels Parana Program

Discussing the environmental viability of the program necessarily leads to two important approaches, the first
referring to the suitability of the proposal in socienvironmental terms and the second relating to formal technical
viability defined as beingubject to environmental licensing.

In environmental terms, the region in which the program is located is considered to be in a critical situation, largely
due to the impacts caused by the production of poultry, especially pigs and cattle. No matter how technologically
advanced the farms arethe environmental conditions they present have major negative impacts not only on the
farmers but also on the region, and are felt in all the communities and towns in the region. Soil and water
contamination from effluent discharge and organic waste disgal, air contamination from high methane loads and
odors from decomposing organic waste, are just a few approaches that can be mentioned.

From the analyses carried out, it can be seen that there is a great opportunity for environmental improvement, based
on a paradigm shift in the way regional farming activity is handled, which, if implemented, will certainly serve as a
model for implementaton in other parts of the country. Establishing rural sanitation infrastructure will certainly bring
about a significant change in the environmental quality and wbking of the region's population.

Optimizing the systems for collecting and conditioning animal waste on the property will immediately minimize the
load of soil contamination caused by the percolation of wastewater from pigsties and similar archaic structures, as
well as minimizing the cotamination of watercourses on the property. Watercourses that contribute to a wide
network of tributaries, resulting in expanded contamination of the basins of the main rivers in the western region of
the state of Parand, so the effect of this improvementll have regional irradiation.

Increased environmental health due to optimized collection and packaging will also help to reduce air pollution by
reducing atmospheric emissions of gases such as methane4L;ldarbon dioxide (C®@), hydrogen sulphide (KHS),
ammonia (NH ), among others. Although the system will not eliminate these emissions, the way the waste is
contained and the reduction in the time the waste remains on the property due to the implementation of the
structures provided for in the Program will contributeo a significan reduction in these emissions. In addition, the
impact of the odors emanating from these pens should also be reduced. More frequent washing of the animals' stalls
will also contribute to these improvements.

In terms of location and space occupied, it can be concluded that the project will not require major immobilization
of areas of the properties in any of its components and, therefore, the impact of occupying areas inside and outside
the properties will terl to be contained and of low influence on the means and spaces of rural production. Even the
biogas and biomethane production plants occupy relatively small spaces, considering the size of the pilot project
already installed in the region. The possibilitf locating the biogas and Syncrude plants in areas with already
consolidated land use reduces the potential impact on native forests and environmentally sensitive areas.

In terms of the environmental risks posed by the biogas and methane plants and the Syncrude/SAF or Methanol
plant, they are more related to the possibility of accidents with inputs, and the production of gases and fuels stored
in significant quantities. Ahough they represent a significant potential impact, they are elements and manufacturing
processes that could/should have constant and rigorous monitoring and control.

In addition, it is understood that the program documentation provides for the use of critical contaminants in
manufacturing processes, which reduces the potential impact of the projects to the levels usually applied to standard
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manufacturing industries. The use of water resources is also considered to be within normal industrial limits and does
not represent any significant risk of alterations to the availability of groundwater or surface water.

Although the Program projects actions and facilities that could have an impact on the environment and society, given
the existing data and considering the conditions exposed by the available documentation, the conclusion is that the
projects have positiveenvironmental suitability. There is an interpretation that in the Primary Production Module,
especially with regard to the agricultural production farms, the positive environmental and social impacts will tend to
outweigh the negative impacts, defining fusocio-environmental viability. With regard to the biogas plants and the
Syncrude plant, although they may represent activities that have an impact on the environment due to their industrial
nature, the expected changes to the physical and biological eoniment and the use of natural resources, it can be
concluded that they are fully socially and environmentally viable due to the social benefits they will represent once
they are up and running.

With regard to the Program's formal environmental viability approach, none of the elements presented in the
documentation, data collection and analysis carried out indicate a risk that the projects will not be licensed. Therefore,
from the formal point of view of environmental licensing, it is concluded that the Program is viable.

However, there are some risk elements that must be considered and worked out with the environmental agencies
during the basic and executive design stages of the projects:

1 The lack of specific regulations to guide the licensing of rural sanitation infrastructures. This aspect
should be worked on by the developer together with the environmental agencies in order to
establish clear and appropriate regulations to guide the Iregng of rural sanitation structures/ducts
on properties.

1 The splitting up of environmental licenses due to the Program being structured into various
undertakings organized into a system. Attention must be paid to the legal impossibility of fractioning
or slicing up a project in order to obtain environmental liosing more quickly, in an attempt to
provide a framework with a lower polluting potential. Fractioning the licensing process with this
artifice is illegal and puts the entrepreneur at risk of embargo and fine.

1 The time it takes to obtain full licenses. Biogas production plants, larger/extended pipelines and the
Syncrude plant are classified as projects with high or great polluting potential, which determines full
three-phase licensing, based on an EIA/RIMA andnaandatory Public Hearing. This level of
complexity for licensing usually means a long time between the initial protocol, carrying out the
environmental studies, submitting the documentation with the license application and issuing the
licensing certificat, understanding the three phases of the procedural rite, which are LP, LI and LO.
It is common for industrial environmental licenses to take between 1.5 and 3 years to be processed,
which can be a challenge for certain entrepreneurs.

1 The location of each project is fundamental for obtaining the Preliminary License. Although the civil
engineering/construction solution often indicates the best location for a given structure or
infrastructure, this is not always adequate in environment@ims. It is recommended that before
starting basic projects for biogas plants and the Syncrude Plant (including power plants),
consultation with the regulatory environmental bodies is carried out. It is recommended that the
plants should not be installedn geographical areas of direct influence of trarstate or trans
national rivers (Parana River), which is why they would be subject to more complex and- time
consuming environmental licensing with IBAMA, as well as other bodies.
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4.7.2 Final considerations on Greenhouse Gas Emissions applicable to the Green Fuels Parana Program

When analyzing theGreen FuelParana Program in order to quantify the GHG emissions generated or avoided
throughout its phases and processes, the following considerations can be made:

1 TheGreen Fuel$arana Program does not present the baselines of the production processes used
to generate the raw material'animal waste" and this compromises all the analyses and results
presented.

1 TheGreen Fuel®arana Program does not establish the technological boundaries of the processes
analyzed, the scenarios constructed or the emissions considered in each oéthission tierswhich
limits robust analysis and conclusions.

1 The data presented in the materials of th&reen FuelsParand Program does not present a
theoretical methodological reference for the development of its approaches or the calculation
methods used to determine the results presented.

1 The values of the animal herds considered in the program present a static methodological approach,
which differs from the approaches requested by the UNFCCC/IPCC international methodologies,
which request the total calculation of animals according to theannual production systems,
considering the effective production periods and disregarding the spaces for health gaps

1 Data for fish and poultry farming is still insufficient to correctly determine their net emissions
(generated and avoided).

1 The emissions generated for the production of electricity from the different potential sources of
electricity were determined using the official Brazilian government GHG Protocol platform, however,
the resulting values do not represent the process boundzsi

1 The GHG emissions figures for hydroelectric power and wind and photovoltaic sources are not
explained by the GHG Protocol, raising doubts about the scope of the processes for defining each
of the electricity sources. The GHG Protocol does not establishlifeecycle of energy sources and
does not specify whether the results take into account all their life phases: construction,
implementation, generation, transmission, transformation and use. This methodological restriction
may be the reason for the discqgancies between the results of these three-salled lowcarbon
sources of electricity.

1 TheGreen Fuel®arana Program presents opportunities for new production arrangements for waste
management and technological innovation for the treatment and use of animal waste, which is a
very positive factor. However, attention must be paid to the real so@ovironmertal benefits of
these proposals, as other possibilities for privapeivate partnerships and publiprivate
partnerships with good economic and socienvironmental attractiveness have already been
observed in Parana, involving rural producg animal integration cooperatives and other
companies.

1 The results presented have varying uncertainty factors in their different phases, e.g. when
determining emissions in anaerobic lagoons, the results for fish farming and poultry farming come
from secondary information and data; the results for pig farmingné cattle farming are more
certain, as they are based on real data from the Sicredi Avoided Methane Program, but the figures
for determining the static herd may have generated discrepant results.

1 In order to correctly determine the net emissions from the production of Syncrude, SAF and
methanol, specific data and information is needed on the inputs and outputs of each process and
their resistance flows at all stages of the product's life cycle. e study, the only fugitive emissions
that could be taken into account were those from electricity consumption. However, as was
observed, different sources of electricity generate different emissions and this determines the final
balance of net GHG emsons from each system and its products, whether positive or negative in
terms of reducing GHG emissions.
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9 Itis necessary to consider all the system's emissions, both specific and fugitive, as they determine
the final net emissions. This is why determining the baseline using methodologies valid under the
UNFCCCI/IPCC, VERRA and/or the Gold Standard is essdntiadny carbon or climate change
project.

1 Since theGreen Fuel$arana Program is considering the involvement of various social actors, raw
material transport, storage, processing and use in different locations, it will be essential to establish
the environmental, social and technological limits or boundaries of eaghgess, reference flow and
production phase of the final products to ensure the validity of the benefits.

1 As afirst approach to scenarios A, B and C, the program presents interesting net emissions results
for the production of Syncrude and Methanol when the electricity sources are wind and
photovoltaic. However, because it has not presented the methodologieglproaches, calculation
methods and scientific basis validated by the UNFCCC/IPCC, it is not possible to reduce or eliminate
the uncertainty factors in these calculations, which is why the validation and accuracy of its results
and conclusions will requir field studies to collect primary data and reduce the uncertainties in the
results.

1 This study also has strong limitations, as it was developed based on secondary data and, in order
to reduce its uncertainties and make its results more robust and replicable, field studies,
technological, environmental and social delimitations will be nesary to delve deeper into all the
data and information in order to reduce or eliminate the uncertainties in its results.

1 Since the only fugitive emissions that can be accounted for are those from EE, the Program needs
to study and define alternative lowcarbon energy options, such as wind and photovoltaics. But
there is great potential for processing and using poultry wadgoultry litter) in the form of pellets
and used as a source of thermal and electrical energy generation, as it has interesting calorific value
data, and this technology reduces or eliminates the risks of soil and water contamination when this
waste is diposed of directly on the ground.

1 The technological proposals of the three scenarios are very interesting for contributing to the
Brazilian and German NDCs, and could generate seenvironmental and economic benefits for
all the players involved. However, it is important to establishdaliiteria so that the rural producers,
the surrounding communities and the societies that will host the Syncrude, SAF and Methanol
processing plants really do have soeienvironmental, political and economic benefits; and that they
are not just fundamentacontributors to an economic chain that is so strategic for Germany and
Brazil.

1 The results presented in Table 8 show the net balance of GHG emissions in the production of
Syncrude and Methanol using photovoltaic and wind power sources. However, the hydroelectric
power source reduces net GHG emissions and, in the specific case of amgth generates negative
results, meaning that methanol production from biogas from animal waste is negative and should
be discarded.

1 Furthermore, the lack of a baseline for the program's emissions and the failure to comply with
UNFCC/IPCC methodologies compromise the qualification and possibility of confirming and
replicating the results presented by the Green Fuels Parana Program.
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5 ANIMAL WELFARE
CONSULTANTS:

Me. Amanda Peniche dos Santos
Dr. JOrg Hartung

5.1 Initial phase: visiting local producers

On August 29 and 30, 2023, three rural properties and one slaughterhouse in the municipality of TeleRowere
visited with the aim of recognizing the current animalelfare practices adopted by producers of broiler chickens,
dairy cattle farming, breeding swine farming, and finishing swine farming.

1. Dairy farm

A. Location: 24°44'58.89"S 53°49'21.37"W

B. Owners: Monica Tonello e seus irméos

C. Property area: 53,18Ha

D. Uptime: 34 anos

E. Breeding system: serintensive, independent

F. Number of animals: 114, including 54 lactating cows, 01 bull, and the remaining animals are heifers for

rearing, calves (sold for beef) and female calves (remain on the property for rearing).
G. Size of the feeding and handling shed (corral): 95.7m2.
H. Total size of the pasture paddocks: 5.8 hectares.

l. Veterinary nutritional assistance: not available. The feed is purchased readgle from cooperatives

in the region.

J. Veterinary health care assistance: limited, only provided when requested by the owner.

K. Average daily production: 22 liters.

L. Destination of the dairy production: regional dairy (Lactobom).

M. Observations: Famitypwned property with apparent difficulty in maintaining infrastructure and sanitary

conditions for the herd due to the age of the owners (over 60 years old) and the accumulation of responsibilities,
as the family has no hired employee$he cows were generally in good body condition, active, and comfortable
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with the presence of people and other animals (dogs and cats), suggesting a harmonious environment. Some
lactating cows were observed to have moderate to severe hoof problems. Others no longer have all teats of
the udder functioning, indicating a history fomastitis that was possibly diagnosed and treated inefficiently,
leading to teat loss. The owners can perform one of the tests for mastitis detection (California Mastitis- Test
CMT), which was conducted during milking on one of the cows. They reporteteraccurrences of mastitis;
however, no records or documentation were provided regarding medication use, individual animal production,
mortality, births, and other zootechnical indices. The hygienic conditions of milking are reasonable, as the

owners propely conduct premilking and teat cleaning; however, several teats end up touching the ground
once the cow is milked out.
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Figure5-1Natural Mating Paddock
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Figure5-2 Feeding and handling corral
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Figure5-4 Milking waiting area
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Figure5-7 Injured hoof

5.2 Broiler poultry farm

A.

B.

H.

Location: 24°44'58.89"S 53°49'21.37"W

Owners: M6nica Tonello e seus irmaos

Property area: 53,18Ha

Uptime: 36anos

Breeding system: integration (BRF), conventional
Number of animals: 15,000

Shed size: 1,200 square meters.

Animal density: 12.5

Veterinary nutritional assistance: the responsibility of the integrator, which makes frequent visits to monitor the

batch and adjust the nutritional levels in the formulation.

J.

Veterinary health care assistance: the responsibility of the integrator, which conducts frequent visits and analyzes

mortality data, its causes, causes of culling, and provides guidance toptteelucer.

K. Observations: The batch is slaughtered every-43 days. Zootechnical indices are well controlled by the
integrator, the shed was organized, with no excessive ammonia odor. Due to cases of Avian Influenza in the state,
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Animal Welfare

we were not allowed to enter the housing and assess the structure and environment more thoroughly; however, the
animals had good feathering, no signs of cannibalism, normal behavior, no crowding, with water and feed available.
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Figure5-8 View of the entrance to the poultry housing shed
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