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1 Executive summary 

H2Uppp project: scope and goals of the project 

The H2Uppp program is a development initiative integrated by the Deutsche Gesellschaft für Internationale 

Zusammenarbeit (GIZ) GmbH and funded by the Federal Ministry for Economic Affairs and Climate Action (BMWK) 

of Germany. H2Uppp supports the leverage of the market for green hydrogen and Power-to-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 imports up to 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 action: networking and project search, through 

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; and the dissemination of 

knowledge and capacity building through technical studies, specialized training and presentations at energy and 

finance sector events. 

 

NIRAS International Consulting in Germany and Denmark advised on a spectrum: i) the technical-economic feasibility 

study for a methanol and syncrude plant, including green hydrogen. This study was complemented by a financial 

modelling assessment and overview on international financing options for Me-Le, especially for the methanol route, 

as chosen by Me-Le and GIZ.  In addition, other studies were also implemented in this PPP including: ii) H2 and PtX 

Certification with advisory for Me-Le, 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 and study on animal 

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 FEL 1 Engineering assessments for the production 

of green fuels from biogas and green hydrogen. The assessment focused on a Power-to-X facility located in the 

Western Paraná region, and is composed of three main parts: i) multiple biogas plants connected to cooperative of 

farmers, ii) a renewable energy park (PV and/or wind), and a iii) chemical synthesis factory for green fuels including 

green hydrogen production. The developed plant concept is outlined in Figure 1-1 below.  

 

This compiled report has the objective to present the main findings of each and the studies implemented for Me-Le 

within this Public-Private Partnership between Me-Le and GIZ in an organized and harmonized manner. 

The Techno-Economic-Financial Feasbility (FEL-I Assessment)  

The purpose of this assessment was to explore the techno-economic feasibility of the production of green fuels in 

the Western Paraná region, solving the sanitation and environmental issues in the region while addressing the 

significant amount of animal and agricultural waste. The relatively large biogenic carbon available in the region, from 

said wastes, therefore offers a unique opportunity to synthezise bio and e-fuels, as biogas from animal/agricultural 

waste digestion is considered one of the most cost-effective 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 fuels, e-fuels, 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 hydrogen derivatives) is forecasted to expand from less than 90 Mt in 2020 to more than 200 

Mt in 2030; the proportion of low-carbon hydrogen rises from 10% in 2020 to 70% in 2030, where roughly half comes 

from water electrolysis (green hydrogen).  

 
Figure 1-1 General 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 (e-fuels), are going to play a major role in the decarbonization of both light and heavy mobility, and 

chemical industry, acting as low-carbon chemical compounds, as well as in industrial high temperature heat 

generation and electrical grid stabilization, as it is highlighted in following Figure 1-2. 

Additionally, there are specific targets in the EU regulation for both biofuels and e-fuels utilization as highlighted in 

Fit for 55, RED III, RefuelEU Aviation and Maritime, among others. 
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Figure 1-2 Sustainable fuels and their main usages 

Biofuels 1, Biokerosene 2, Bio-MGO and E-Methanol 3 

 

What green fuels were compared in Paraná for Me-Le? 

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 diversification 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, see Figure 1-3, and therefore larger 

offtakers base, as well as a significantly higher degree of flexibility in process design and process operation. For these 

reasons, a more detailed process design and economic 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 in Figure 1-3, 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 applications will also need to be decarbonized in the future. 

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

2 Kerosene is a fuel commonly used in aviation. Biokerosene is produced from biomass, whereas e-kerosene is generated through a process 

involving renewable electricity, the electrolysis of water, and a renewable carbon source. 

3 Marine Gas Oil (MGO) is a fuel used in maritime applications. Bio-MGO is derived from biomass. E-MGO is generated through a process 

involving renewable electricity, the electrolysis of water, and a renewable carbon source. Marine Gas Oil (MGO) is a fuel used in maritime 

applications. Bio-MGO is derived from biomass. E-MGO is generated through a process involving renewable electricity, the electrolysis of water, 

and a renewable carbon source. E-methanol and e-ammonia are fuels  produced through a process that utilizes renewable electricity and water 

electrolysis. In the case of e-methanol, a renewable carbon source is used whereas for ammonia, nitrogen separated from the air is utilized. 
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Figure 1-3 Global methanol demand and use distribution 

 

Which technological routes were designed and assessed in the technical (FEL-I) analysis?  

A feasibility assessment was performed considering different synthetic fuels and many technologies for biogas 

utilization and green fuels production. The process design phase aimed to compare the feasibility of producing 

different green fuels: syncrude/SAF or methanol.  This 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. Therefore, despite being 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, reducing 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 this study 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 methanol and subsequently to sustainable aviation fuels (SAF), explained 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 CO2) and subsequently to SAF. This is realized with a combination of steam 

reforming unit, SMR reactor, and an adiabatic post convertor (APOC). This methodology has the advantage of 
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creating a syngas composition more suitable for downstream synthesis processes, Fischer-Tropsch (FT) or methanol 

synthesis, maximizing the CO2 carbon source. Furthermore, it improves the SMR operating conditions, reducing its 

size as well.  

 
Figure 1-4 Different scenarios designed for syncrude/SAF or methanol production. 

Technological options A and B present two possible version of SAF plant with different complexity degree, hydrogen 

utilization and overall productivity. 

Technological Option A (SAF Production) 

The technological option A is the simplest pathway to produce SAF, and follows the existing conventional plants 

configuration. Syncrude is produced through Fischer-Tropsch (FT) synthesis, distilled and hydrocracked to SAF. The 

tailgas and unreacted gas species from the FT loop are recovered and partially converted in a Pre-Reformer 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 TRL level for SAF production. Since not the entirety of available CO2 

is utilized, the SAF productivity stands at approximately 365 MTD. 

Technological Option A 

Technological Option B 

Technological Option C 
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Technological Option B (Improve Syncrude Productivity) 

The technological option  B stems from the 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 H2 rich 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 FT reactor, 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. 

Technological Option C (Methanol Production) 

Methanol synthesis configuration, technological option C, is composed of the same SMR-APOC 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 methanol synthesis 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 the CO2 from 

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 to the 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 bio-fuels and e-fuels, currently and for the next decades are encumbered by a 

significantly large uncertainty. The green fuel market, especially for the e-fuels case, is currently in a start-up 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 of e-methanol in the near future is attending between 

820 USD/ton and 1620 USD/ton, (1), (3), depending on regionality, cost of electricity and cost of CO2 supply. In the 

next decades the cost of e-methanol 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 bio-methanol 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/ton (1). 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 Energy Agency, are highly dependent on the market 

conditions, for example bio-methanol has been bought at around 2500 USD/ton by Mearsk in 2023 (4).  

Secondly, considering SAF, current fossil-originated aviation fuel price sets around 400 USD/ton and 800 USD/ton 

globally. SAF production, through HEFA and Alcohol-to-Jet pathways, is still nowadays limited compared to global 

kerosene demand, despite interest 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/ton (5), (6), (7). E-SAF 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 Me-Le?  

The developed final concept for green methanol production has the potential to produce 1030 MTD of methanol, 

selling a part as certified bio-methanol and a part as certified e-methanol, following the RFNBO directive regarding 

the green hydrogen derivatives. It has been estimated, as part of a class 5 cost analysis (± 50%), that for the whole 

facility, composed of biogas plants, RE farm, PtX plant and infrastructures, that a total investment, CAPEX, of 

approximately 1.3 to 1.8 billion euros is necessary, for these ranges the financial assessment defined four scenarios, 

with the last one being a variant of the Me-Le scenario. The relative levelized cost of methanol for such project stands 

approximately between 900 and 1200 EUR/ton, placing it well within the expected 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 a systematic 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 verified. It is to be noted that a more thorough investigation of these points is required in 

the successive, more detailed, design phases of the project: 

¶ Technical feasibility: the 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 readiness level. This has been 

verified engaging with technology suppliers. 

¶ Economic viability: the 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 business model analysis has been conducted to 

verify the project bankability. 

¶ Guarantee of supply: it is has been studied and verified that there are sufficient natural resources (water, 

electricity, carbon sources) to ensure the projectõs operation throughout the projected cash flow period. 

An agreement has already been signed with a consortium of farmers for the biogas supply and its 

purchase value. 

¶ Guarantee of offtake: it 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, both local 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 for biomass 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 reduce the marketõs demand for higher returns. 

What certification and sustainability analysis was conducted for hydrogen and PtX in this Power Purchase 

Agreement PPA PPA? 

This Project defined the production of biomethanol, syncrude and subsequent production of sustainable aviation 

fuels from biogenic residues (specifically pig manure). A power purschase agreement (PPA) is a long-term 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 period. NIRAS together with Hinicioõs consulting service had the objective to (i) 

describe the applicable regulatory framework that affects the development of a syncrude production value chain in 

Brazil and its exportation to the European market. Additionally, (ii) the available certification schemes to potentially 

be implemented in the syncrude process were identified, with recommendations oriented to the most suitable options 

for the specific process, off-taker market and the clientõs location. As part of the analysis, (iii) potential funding 

opportunities for this kind of projects were also reviewed. 

Regulatory Analysis 

Regardless of the exported product, the specific emissions savings established by the European RED II regulation for 

advanced biofuels must be met to commercialize the product in the European mandatory market, following the 

outlined methodology for GHG emissions calculations.  The assessment of application-oriented 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 II sustainability requirements.  

To generate a carbon-neutral 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 effect in this Power-to-X project to be implemented in Brazil. If an additional renewable hydrogen 

stream is introduced to the process to adjust the H2:CO ratio from the biomass-based syngas, as in the project 

proposed here, a fraction of the final product could be labeled as Renewable Fuel of non Biological origina (RFNBO), 

provided that the RED II criteria regarding emissions and electricity generation for these fuels are fulfilled. 

Certification assessment 

For compliance with the RED II, it is advisable to consider certifications with streamlined frameworks to ease 

certification implementation while meeting project requirements, reducing costs, and mitigating risks. Key 

recommended schemes include ISCC EU, 2BSvs and REDcert.  It is 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 certification 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 CORSIA, leveraging certifications with minimal demands is suggested, continuing with 

ISCC for biofuels due to its simplicity and regional adaptability. In 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 funding-providing 

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

process eligible for European programs. Me-Le was recommended to seek for such options. 

What are the socio-environmental implications for the H2, PtX and Green Fuels Paraná program? 

The study on the "Analysis of Socio-environmental Implicationsó assesses the regulatory requirements of the rural 

sanitation, bioenergy, biofuels, H2V and PtX Program, known as Green Fuels Paraná program from Me-Le. The main 
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objective of the analyses is to assess the socio-environmental 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 Paraná 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 legislation at country, federal state and municipal levels. It highlights an approach to the 

arrangements and strategies to be applied in socio-environmental 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 assessment is based on the information provided by Me-Le Biocombunstíveis GmbH and the actors involved in 

these studies, as well as other data and information collected during an on-site reconnaissance trip in the municipality 

of Toledo and the surrounding area in the state of Paraná.  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 socio-economic assessment?  

The project as defined here by Me-Le GmbH is named the Green Fuels Paraná Program and it provides for the 

production of biogas, green hydrogen from the processing of animal waste from large-scale pig, poultry and fish 

farms and the production of PtX streams such biomethanol, syncrude or SAF and it is to be established in the western 

region of the state of Paraná. 

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 biomethanol, Syncrude (CnH2n) or sustainable aviation fuels. The final product is enriched with 

hydrogen (H2) made from biogas. 

The current proposal for the program potentially involves biogas producers from 18 municipalities in the western 

region of Paraná. 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, 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 electricity from wind and solar power plants with off-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 socio-environmental approach to the Program, in order to facilitate feasibility analyses and the definition of 

strategies for licensing with regulatory bodies, a non-formal division into two modules was established: 1) Primary 

Production Module comprising the animal farm enterprises, rural sanitation structures and biogas and biomethane 

production plant enterprises; and, 2) Syncrude (CnH2n) / Green Hydrogen (H2) Production Module, comprising the 

biogas transportation pipelines and the Syncrude production plant. The details are presented in the report below. 

The Syncrude plant will require the supply of energy produced sustainably (wind or solar) and exclusively (off grid) 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 supply of electricity needed to run the industrial unit.  

In 1.5 below is a schematic or infographic that provides an overview of the production system envisaged for the 

Program, taking into account the Modules described above. 

 

 
Figure 1-5 Graphical representation of the production modules planned for the Rural Sanitation, Bioenergy, Biofuels 

and H2V - Green Fuels Paraná Program. Source: NIRAS, 2024. 

 

What are the scopes and approaches for the socio-environmental assessment?  

The following three specific approaches have been followed for the environmental assessment. 

Territorial scope 

The program is designed to be applied in the western region of the state of Paraná, 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 Program that may have 

a potential direct impact on the Paraná River basin, or even on basins bordering the territory of Paraná with other 

states of the federation, may have to comply with federal licensing requirements established by IBAMA. The 

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 socio-environmental issues directly related to 

the licensing, monitoring and regulations of the projects that are part of the Program. In other words, the analyses 

developed/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 
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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 socio-environmental impact? 

The set of rules and regulations to be followed for the purposes of licensing and the socio-environmental 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 Paraná Program, 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 (for 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 Paraná 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 socio-environmental assessment?  

The Green Fuels Paraná 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 environmental licensing 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 licensing and may face significant financial impacts due to 

environmental compensation requirements. 

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

Socio-environmental Suitability: The region where the program is located faces 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 to better soil, water, 

and air quality, benefiting the entire region and potentially serving as a model for other areas. 

Formal Technical Viability and Licensing: The 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 importance of project location. Despite these challenges, 

the program is expected to be licensable, with positive socio-environmental 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 therefore the analysis needs to be complemented in the future.  

The Green Fuels Paraná 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 of the project and it is an opportunity to improve in the subsequent studies. 

While the program presents opportunities for innovative waste management and potential socio-environmental 

benefits, it also faces significant challenges in accurately determining net emissions due to insufficient data and 

methodological inconsistencies. Therefore, 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 fugitive, and exploring low-carbon 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 and systematically 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 from 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 Paraná and provide decision 

makers and possible future investors 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 strategic decision-making, thereby contributing to the effectiveness and 

success of the project at hand. The following scenarios were considered in the financial modelling study for Paraná: 
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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 CAPEX and 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 

question, the consultants can affirm that the Biogas Central Project of 45 units demonstrates viability and is highly 

attractive in terms of financial 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 this 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 considered unfeasible. The economic and financial feasibility analysis presents uncertainties due to the 
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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, biomethane, 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 importance for 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, including positive 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, Paraná, with the aim of recognizing the current animal welfare practices adopted by producers 

of broiler chickens, dairy cattle farming, 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 with integrators 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 legislation. 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 with the participation of 29 rural producers. During the event, the current concept of holistic well-being was 

presented, encompassing not only animal welfare but also considering human well-being and the balance of the 

environment where all entities coexist. The 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 production is sustainable and enduring. 

The following recommendations stemmed from the animal welfare study: 

¶ 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. 

¶ Farmer Training | Provide training for farmers on animal welfare issues, covering both legislation and practical 

aspects.  

¶ Environment/Animal Welfare Laboratory | Set up an environment/animal welfare laboratory at the region 

campus of UFPR (Federal University of Paraná), possibly near the H2 laboratory. This laboratory would store, 

maintain, repair (if necessary), and disinfect analytical instruments used in environmental, occupational, and 

animal welfare assessments. 

¶ Certification Scheme | Develop and implement an animal welfare certification scheme. For compliance with 

German standards, for example, the QS System could be a useful scheme. 

¶ Periodic Reports | 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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¶ Reputational considerations | Animal 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 consist of a single entity or a combination of multiple parties. 

Mele Biogas 

Mele Biogas GmbH, a constituent of the mele® Group headquartered in Torgelow, Mecklenburg-Western 

Pomerania, is a full-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, including development, planning, construction, and operational oversight, ensuring 

successful implementation. 

GIZ  

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, encompassing 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 Nations, private 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 such as KFW, GIZ, 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 cooperation, 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. 
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2 Techno-Economic and Feasibility Assessment for the production of green fuel production in the 

Western Paraná Region in Brazil based on green Hydrogen, renewable energy and biogenic 

carbon from animal and agricultural waste streams.  

CONSULTANTS: 

  Dr. Helton José Alves 

       Dr. Marcos Lúcio Corazza  

  Dr. Maurício Romani 

           Dr. Alessandro Checchi 

 

The technical analysis presented in this document focuses on the feasibility assessment of green fuel production in 

the Western Paraná region based on green hydrogen, produced from renewable energy (RE) sources, and biogenic 

carbon from animal and agricultural wastes. The analysis involves:  

¶ Process design: comparison between syncrude/SAF and methanol routes, process layout definition and 

simulation, economical evaluation; 

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

¶ Plant site location: water utilization potential, wind and solar energy exploration and electrical grid connection  

¶ 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 biogas feed. 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 maximization 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 by process modelling 

software, implementing well-established 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 comparison using Bare Module Cost methodology (±50% accuracy) considering only the most critical 

and expensive components. Facilities could be powered by long-term RE PPAs in an indirect grid connection scheme 

with lower CAPEX compared to deploying new RE plants. However, in scenarios where green-H2 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 new RE plants 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 green fuel product to a 

potential off-taker location. LCA is also out of scope for this project.  

2.2 Highlights of the main findings 

 

¶ Regarding the process design phase, it is found that a post-reforming technique could offer an efficient 

route to produce syngas with correct composition for green fuel downstream production. CO2 from biogas 

is partially separated and re-injected 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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¶ Regarding electrolysis, PEM is promising due to its non-dependency 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 similar (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. 

¶ Grid-connected schemes enhance full-load electrolysis plant operativeness, which demands 33MW (green-

H2 395kg/h) in the syncrude/SAF less energy-intensive scenario, up to 205MW (green-H2 3,4tons/h) for 

methanol. Considering the plant location conditions, in 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 80MW-PPA with small-hydro/biogas plants would be needed. 

¶ Regarding water demand and availability, despite both scenarios being water-intensive (74 m³/h for 

syncrude/SAF and 237 m³/h for methanol), the proposed location for the plant has very low water-stress 

risk, presenting easy access to abundant and high-quality surface and underground water sources which 

implies lower CAPEX/OPEX for water treatment compared 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 higher with 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 syncrude and 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 syncrude production, process complexity increases from base case scenario to scenario B, along with the 

utilization and recycling of by-products, which results in a progressive enhancement of syncrude production (from 

approximately 7.5 to 22 tons/h). From the CO2 utilization 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 the process due to the presence of RWGS unit, which 

is responsible for increasing its conversion. 

 

2.2.3 Part 3: 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 start-up time (<1min), high-purity H2 outlet (99,999%), low plant-level footprint (modular stacks), as 

well as fast deployment. 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 from a specific cost (including BoP) of ~700 û/kWe in 2020 to ~500û/kWe 

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 when making 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 ~395kg/h-H2 needed for the lower energy-intensive syncrude 

production scenario, while up to 205MWe is demanded to produce ~3,4tons/h-H2 for methanol. Considering ~70% 

recovery rate from raw water treatment processes (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, agroindustry, 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 supplementary sources of biogas. The 

Arroio Guaçu sub-basin presents great remaining availability and proximity to the plant, which location is within a 

very low water-stress region of Brazil. As a result, despite competing for water with other activities, a grant for surface 

or underground water exploration is the most feasible solution for the project. To improve sustainability, the high 

rainfall pattern (approx. 100 m³/h) can be exploited alongside recirculation methods.  

Facilities could be powered by long-term RE PPAs in an indirect grid connection scheme with lower CAPEX compared 

to deploying new RE plants. However, in scenarios where green-H2 is incorporated into the product, the green fuel 

might be partially classified as 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 

self-production grid-tied schemes assisted by smart metering. 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 should be located 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. 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 80MW-PPA with small-hydro/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 syngas is proposed and achieves a high methanol yield by efficiently utilizing all 

available CO2, but it requires a relatively high hydrogen input. Also, a simple business case analysis is conducted, 

comparing the different processes economically. CAPEX is estimated 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 e-methanol. Methanol production via the syngas route is the preferred process scenario. 

Scenario A is potentially feasible but requires optimization, while scenario B is not feasible under the assumed e-SAF 

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 price, but 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 to electricity 

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 SAF prices ranging from $1400 to $2400 per ton due to its lower reliance on green hydrogen. It is 

recommended to investigate scenarios involving reduced CO2 utilization and subsequent conversion into fuels to 

minimize the demand for green hydrogen. 

2.2.5 Part 5: 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 susceptible to 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 process schemes. 

2.2.6 Part 5: Technologies review 

 

In part 6, a concise description of the primary unit operations involved in the biogas-to-syncrude, and biogas-to-

methanol conversions processes is presented. The depiction and contemplation of unit operation simulations were 

delineated, serving as a foundational 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 post-converter, syngas upgrading, Methanol synthesis and purification, Fischer-

Tropsch synthesis and syncrude purification, and pre-reformer. All these sections are technically detailed considering 

specifications such as temperature, pressure, reactions involved and specific parameters of individual unit 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 the scope 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 process units 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 50 k Nm³/h. 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 correct reactantõs ratio in the synthesis step. This green hydrogen was considered to be obtained by 

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 Fischer-Tropsch synthesis) and methanol from 

biogas, as shown in Figure 2.1. 

 
Figure 2-1 Illustrative 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 main systems are presented as follows. 

 

2.4.1 Base case ð 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 with the 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 syngas passes 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. For this purpose, 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 

previously mentioned, 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 is presented in a block flow diagram with main information of mass balance 

presentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 Block flow diagram for the base case process evaluated - biogas 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 within 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 pre-reformer, 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 containing the unreacted syngas and light hydrocarbons from syncrude, it is necessary to 

include a pre-heating step and a pre-reformer to convert these light hydrocarbons, excluding methane, into syngas. 

One more notable difference between the two processes described is that in process A, steam is introduced directly 

into the pre-reformer instead of the SMR. Following the pre-reformer, a portion of the stream containing the 

unreacted CH4, combined with the produced syngas, is blended with the fresh methane from the 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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90 % of the tail gas stream resulting from the FT product separation is successfully recycled, leaving only 4,134 kg/h 

of tail gas excluded from the recycling loop. The amount of tail gas not reintroduced into the system is considerably 

lower compared to base case scenario, resulting in an enhanced process productivity. This remaining tail gas could 

be utilized as a fuel source in furnaces, for instance. 

 

Figure 2-3 Block flow diagram for the base case with tail gas partial recycling - biogas conversion to syncrude. 

 

2.4.3 Technological option  B - Biogas to Syncrude (+ recycles + RWGS) 

 

As it was previously mentioned, in both base case and process A, the unreacted CO2 from the Re-Shift step needed 

to be removed from the syngas prior to the FT synthesis. This task was accomplished by the MEA system, which 

effectively eliminated this compound, but necessitated the purging of CO2, causing a negative impact on the process 

sustainability and productivity. In response to this issue, process B was proposed to address the unconverted CO2 by 

incorporating an additional RWGS reactor.  

In this scenario, the CO2 stream exiting the MEA system is pre-heated 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 configuration will increase the syncrude production and reduce 

the CO2 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, all the CO2 could be recycled in the process simulations. In this case, the 

steam to methane ratio in the SMR was 1.12, with a CH4 conversion of 71.3 %. Also, the CO2 conversion was 42.5 % 

and 76 % in the Re-Shift system and in the RWGS reactor, respectively.  
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Figure 2-4 Block flow diagram for the base case with tail gas partial recycling - biogas conversion to syncrude 

 

2.4.4 Technological option C - Process C - Biogas to Methanol 

 

An alternative pathway for biogas utilization involves its conversion to methanol via a three-step process: steam 

methane reforming, water-gas shift, and methanol synthesis. This method features a high 91% recycle of unreacted 

components, similar to the syncrude production process. Appendix IA-B 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, 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 55 %. The 

obtained syngas passes through a series of heat exchangers for cooling 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. 

Post-reactor, a heat exchanger takes on the role of cooling the system and condensing water and methanol. 

Subsequently, the chilled mixture is directed 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 with unreacted 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 stream, comprising 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, 

yielding a main product with a purity of 98.5%. 
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Figure 2-5 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 and technology, water supply, power demand and renewable sources. In this regard, the 

approximate synthetic fuel plant location was considered close to the region demarcated by Figure 2.6 (Lat 

24°37'15.65"S: Lon 53°56'46.69"W). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-6 Approximate spot considered for synthetic fuel plant. Source: OESTE-PR (2023). 

 

Table 2.1 presents the main power and water resulting requirements for two scenarios which presented the best 

results in terms of IRR. Assumptions that lead to the resulting values are described in the next topics. 

 

Table 2-1 Basic requirements considered for green hydrogen in each scenario 

Requirements Syncrude/SAF Methanol Units 

Fuel Productivity 15,4 31,5 tons/h 

Green Hydrogen demand 395 3400 kg/h 

Power (electrolysis) ð PE 24 205 MW 

Power (compression) ð 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 H2 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 plantõs 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 high-capacity factor plant. This 

steady-state operating 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 approximately 82 tons of hydrogen, enough to sustain a 24-hour 

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 zero-carbon 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 full-load 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 exchange membrane) and AEL (alkaline) electrolyzers technologies. These technologies were 

chosen due to commercial availability on large scale. 

Highlights for AEL technology are: 

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

¶ Conventional AEL output pressure may demand almost 3% of Electrolyzer power, but AEL 

pressurized technology are also available; 

¶ AEL H2-output lower purity may lead to PSA higher investment if high-purity hydrogen is needed 

(H2Uppp might not demand high purity levels); 

¶ Maintenance: 20 Ò5 û/kWAC; 

¶ Stack lifetime: AEL = 60,000 - 80,000 hours 

¶ Deployment readiness according to supplier 

¶ Short start-up time (under stand-by) 

¶ Modular arrays 

¶ Larger land footprint compared to PEM 
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Highlights for PEM technology are: 

¶ No KOH dependency (price, logistics); 

¶ High output pressure demands less power; 

¶ High H2 purity outlet  

¶ Maintenance: 15 Ò 5 û/kWAC; 

¶ Stack lifetime: 40,000-70,000 hours.  

¶ In general, fast plant deployment 

¶ Short start-up time under stand-by (less than 1 minute) 

¶ Modular arrays 

 

 

Figure 2-7 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 start-up time (less than 1 minute) and operating with a minimum load of 

approximately 5% if necessary. Moreover, the H2-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. Since PEM-electrolyzers 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 the cost forecast shown in Figure 2.7 (2020 PEM and AEL specific costs both near 

to ~700 û/kWAC), a PEM-based Electrolysis plant with high-lifetime 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 basic concept for a standard PEM-based Electrolysis plant. 
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Figure 2-8 Electrolysis plant basic concept flowchart 

 

However, an important question must be refined before any decision-making: Will the PEM electrolysis 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 very related to this minerals market. Itõs also known that AEL electrolysis 

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 making 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. 

 

2.5.1.2 PEM-based 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 20MWDC, producing 

around 18kg of hydrogen per 1MWDC installed. Therefore, to meet the hydrogen flow requirement for methanol, 

~190MWDC would be necessary, and ~22MWDC for syncrude/SAF (capacity factor ~90%). Although we assume a 

robust power and water supply, the PEM-Stack needs stoppage time for maintenance. 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, to sustain hydrogen 

production at any period for methanol, the electrolysis plant power would be 205 MWAC,  and 24MWAC 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) Anode: Heat exchanger for O2 cooling; 7) Water circulation pump; 8) Heat exchanger; 9) Ion exchanger; 

10) Cathode: Gas water separator; 11) Cathode: Heat exchanger for H2 cooling; 12) Deoxidizer; 13) Condensing heat 

exchanger; 14) Dryer; 15) Compression chiller; and 16) Dry cooler. 
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Figure 2-9 PEM-Stack arrays for large-scale 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 

scenario. Most electrolyzerõs manufacturers offer an integrated solution that include a water treatment station to 

bring tap water to deionized water within purity requirements for their stacks. 

Within electrolysis plant, there are other sub-processes 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 +6tons/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 recovery), the total water consumption of the electrolysis plant 

is up to 10 tons/h for syncrude/SAF production 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. Tap water quality is also sufficient. In this way, a total of ~ 53,3 tons/h of treated water must 

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

and electrolysis. 

Although it may seem unnecessary to provide high-quality 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, 2013). Therefore, 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 high-treatment processes 
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(SHAH, 2013), resulting in a total raw 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 2.10 presents a map that shows the location of nearby current permits. Red 

numbering refers to surface water grants described, and black numbering refers to groundwater grants. Next, Table 

2.10 provides information on the granted daily flows. 

 

 

 

 
Figure 2-10 Water flowchart from collection to processes 
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Table 2-2 Water flow grants nearby the industrial complex. Source: SIGARH (2023). 

ID OWNER 
GRANT 

(m³ dia-1) 
ACTIVITY VALID UNTIL 

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* (Paraná State 

water company) 
10 (240) 

Water collection, treatment, and 

distribution 
02/08/2025 

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 (Paraná State 

water company) 
até 306 

Water collection, treatment and 

distribution 
02/08/2025 

Source: IAT (2023). *Granted flow m³ h-1 (max. m³ day-1) 

 

Figure 2-11 Location of water exploiting grants nearby. Source: IAT (2023). 
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When it comes to surface water, the largest grant in the region is managed by SANEPAR (Companhia Paranaense 

de Água e Saneamento). They are responsible for a daily flow of 10 m³/h, which accounts for less than 10% of the 

total estimated demand for the H2UPPP project. As for groundwater, SANEPAR currently holds a permit of 12.75m³/h 

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 water availability in nearby bodies as follow: 

¶ Arroio Guaçu:  

Á Located north of the plant ~5,5 km straight line. 

¶ Q7,10=2,18m³/s; Q95%=4,77m³/s and Qmean=13,76m³/s 

¶ Total water flow: ~17172m³/h 

Á Small hydropower plant PCH Moinho (Cercar) downstream 

¶ Sub-basin total available flow for collection: 1508,98 m³/h 

¶ Marreco River  

Á Located southwest of the plant ~10 km straight line. 

¶ Q7,10=0,92m³/s; Q95%=1,95m³/s and Qmean=5,52m³/s) 

¶ Total water flow: ~7020m³/h 

Á Aquaculture intensive production downstream and Suine activities upstream 

¶ Sub-basin total available flow for collection: 605,74 m³/h 

¶ São Francisco River  

Á Located south of the plant ~11 km straight line. 

¶ Q7,10=6,88m³/s; Q95%=15,29m³/s and Qmean=38,76m³/s) 

¶ Total water flow: ~55044m³/h 

Á PCH São Francisco upstream 

¶ Sub-basin total available flow for collection: 773,15 m³/h 

 

The Municipal Water Resources Plan of Toledo indicates that the ratio between the current flow captured and the 

available flow for the Arroio Guaçu and Rio Marreco sub-basins meets the minimum conditions for accepting new 

grants. However, the Rio São Francisco sub-basin 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 region, it 

is recommended that an assessment be conducted to allow the exploitation of surface or underground water in the 

Arroio Guaçu sub-basin. 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 large-scale 

photovoltaic solar plant in proximity to the synthetic fuel plant. Such a step could help to expand the useful catchment 

area and promote a more sustainable process overall. 

After conducting a brief study with the Instituto Água e Terra, it was discovered that there are agro-industries within 

a 50-70km radius of the area being evaluated with water demands that exceed 400 m³/h. Therefore, the proposed 

concession for a total flow of 237 m³/h in the current project is not expected to face significant obstacles during the 

granting process. As part of the assessment, we also looked at how wastewater from agro-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 agro-industrial 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 RED II directives (which will soon be revised in 

RED III), it's important to clarify certain definitions related to power supply for the industrial complex. 

¶ Advanced biofuels: biofuels that are produced from the feedstock listed in RED III Part A of Annex 

IX (within H2UPPP scenario, applied to letter f - Animal manure and sewage sludge); 

¶ Renewable fuels of non-biological origin (RFNBO): liquid and gaseous transport fuels which the 

energy content is derived from renewable sources other than biomass (e.g., using H2 produced from 

electrolysis powered by renewables, known as green hydrogen).  

 

Products synthesized within the H2UPPP project are obtained through thermo-chemical processes using animal 

manureõs biogas as feedstock in addition to green hydrogen (besides heat and water). Therefore, even integrating 

green hydrogen into product manufacturing does not lead to an RFNBO classification. Thus, one could assume that 

H2UPPP synthetic products are more likely to aim at accomplishing the RED III 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 energy 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 sustainability 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 III 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 III 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 gCO2eq/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 hundreds-of-MW capacity power grids and substations in order to support energy 

security for the green hydrogen production 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 year 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 agro-industrial waste) and non-renewable 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 below brings 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 electrical matrix 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. 

This scenario 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 renewables 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. 

Table 2-3 Southern Brazilian submarket generation share 

Year 
Total Gen Hydro 

Termo 

(renewable) 

Termo (non-

renewable) 
Wind Renew. Non-renew. 

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 5.743 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. However, due 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 "system-friendly" mode, indicating specific connection buses where this 

equipment could really help to improve the grid stability. This study should be provided by utilities jointly with the 

National Grid Operator (ONS). 
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Figure 2-12 Share of renewable and non-renewable energy in the Southern submarket Electricity Generation. 

Source: ONS (2023). 

 

After analyzing the challenges that were highlighted in the previous alternatives, PPA(s) based on additional electricity 

capacities are the most recommended ones (alternative 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 the geographic correlation criterion. Smart 

metering systems should be implemented in nearby (alternative 1) and distant (alternative 2d) plants to manage the 

correlation between electrolyzer generation and consumption on an hourly basis. Real-time smart metering must 

regulate electrolyzers consumption to meet both, local and remote renewable plants. If the sum of local and remote 

renewable energy exceeds the electrolyzerõs capacity, the excess power could be sold in the Electricity Free Market. 

If the sum of local and remote renewable energy production is lower than the capacity of the electrolyzer, the smart 

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 (Year+1 to Year+4) ranged  R$110 to R$172 per MWh (21 to 33 û/MWh) between October/2022 and 

October/2023. The same type of incentivized generation in the short-term market (Month+1 to Month+3) fluctuated 

in the same period between R$88 and R$112 per MWh (17 to 21 û/MWh) (Dashboard Dcide, 2023). 

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 to 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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Figure 2-13 Standard 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 Gaúcha 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 site via 230kV substations with sufficient remaining capacity, as already evaluated in 

Report 1. The Guaíra 230kV Substation, which has 950MW remaining, is located ~64.3km from the site while the 

Cascavel 230kV Substation, which has 700MW remaining, is located ~63.8km from the site. 

An estimate was made of the total substation capacity required to serve the plants. For the electrolysis plant, a 

demand of 192MWAC 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 4MWAC was estimated for the synthetic fuel plant, which brings the 

total installed capacity to approximately 196MWAC. Therefore, a substation capacity close to 250MVA would be 

sufficient to meet the total demand, considering 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 the impact 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 compensators), 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 technologies which generally 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 substation 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 alternative 2d 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 to assist the simulations (NREL, 2023). 

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

¶ Historical TMY 2007-2021 data from Marechal Candido Rondon weather station (Reference: Climate 

One Building, 2023) 

¶ 550Wp comercial PV modules 

¶ 200 x 1MW comercial inverters for methanol scenario;  

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

¶ 10% of DC/AC oversizing 

¶ 215MWp of PV-modules installed, ground-fixed with inclination-angle equals latitude, north face 

azimuth, and ground-covered ratio of 0.3. 

 

For the wind plant pre-sizing, the following parameters were considered: 

¶ Average wind speed (m/s): 8.2 (as reported for Micro-region 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; 

 

The main results are summarized in Table 2.4 and Table 2.5: 

 

Table 2-4 Results related to RE plants for syncrude/SAF scenario power supply. 

SYNCRUDE/SAF Power (MW) Energy (GWh/y) RE share 

Solar-PV 35 72,45 37% 

Wind farms 36 140,3 72% 

Total Gen. 71 212,75 109% 

Power Substation 85   

 

Table 2-5 Results related to RE plants for methanol scenario power supply. 

METHANOL Power (MW) Energy (GWh/y) RE share 

Solar-PV 200 362 21% 

Wind farms 200 780 46% 

Self-production 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 operational 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 demand, resulting 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 energy). 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 and OPEX for the whole green hydrogen related plants (electrolysis, water collection and 

treatment, power station and renewable plants) is described in Table 2.6 for syncrude/SAF scenario (process A) and 

Table 2.7 for methanol. 

Table 2-6 CAPEX and OPEX related to green hydrogen production for syncrude/SAF. 

 
 

Table 2-7 CAPEX and OPEX related to green hydrogen production for methanol. 

 
 

 

2.5.4.1 Solar-PV 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 Ceará. In this study, the CAPEX calculations integrated all expenses related to the acquisition of equipment 

(modules, inverters, low-voltage cables, and trackers), network connection infrastructure (voltage step-up substation, 

high-voltage cables, substation connection bay), as 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 electricity service inspection fee (TFSEE). Table 2.8 

summarizes the financial analyses of the future project. 

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$      -$                            4.280.000,00$     

Wind farms 200 280.000.000,00$ 5.000.000,00$      1.280.000,00$      -$                            6.280.000,00$     

Self-production PPA (hydro/biogas)80 120.000.000,00$ 8.000.000,00$      512.000,00$         -$                            8.512.000,00$     

Total Gen. 480 651.920.000,00$ 16.000.000,00$    3.072.000,00$      -$                            19.072.000,00$   

Electrolysis 205 151.187.000,00$ 4.100.000,00$      79.519.295,00$    1.250.000,00$            84.869.295,00$   

Compressors 45 30.000.000,00$   17.455.455,00$    17.455.455,00$   

Power Substation 550 61.234.817,81$   1.224.696,36$      -$                      -$                            1.224.696,36$     

TOTAL 894.341.817,81$ 21.324.696,36$    100.046.750,00$  1.250.000,00$            122.621.446,36$ 
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Table 2-8 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 (%) $/Wp 

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

O&M (20.000 R$/MWp/year)  $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, structure, 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 installation. Regarding OPEX, it considered preventive equipment maintenance, 

occasional component replacements, and personnel responsible for monitoring the plant. Table 2.9 summarizes the 

financial analyses of the future project. 
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Table 2-9 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, they 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. 

Table 2-10 Summary 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             2,338,693.83                 0.468  

3 Other equipment 

3.1 

Junction box, Cubicles, Wiring, Connectors, Structures, String boxes, 

Measurement system, Cleaning system, Transformer, Solarimetric 

station 

              865,343.61                 0.173  

Total               865,343.61                 0.173  

4 Other services 

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  
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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  

6 Other 

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             4,687,343.18                   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 2.10 provides 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 $ kW-1. It'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-1, a value considered for comparison. 

 

Table 2-11 Summary of Wind Onshore CAPEX and OPEX. 

CAPEX 

Reference $ kW-1 36 MW 200 MW 

STEHLY et al. (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 $ kW-1 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 2.14 illustrates 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 human consumption. If the industrial process using this water is considered, in certain 

processes, not even disinfection would be necessary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the CAPEX of Water Treatment Plants, back in 2007, Fernandez and collaborators made estimates on the 

implementation, operation, and maintenance costs of pumping and water treatment units. After an intensive survey 

of sizing parameters, the authors developed the following cost estimation curve for implementing WTPs: 

 

 

 

Figure 2-14 Flowchart of the surface water distribution system.  Source: Ribeiro and Melo, 2020. 
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Figure 2-15 Curve for estimating implementation costs of WTPs. 

 

In Figure 2.15, it's observed that for smaller-sized WTPs (flow rates up to 180 m³ h-1), the CAPEX values ranged 

between 400-600 thousand dollars (2-3 million reais, considering the exchange rate of 4.94 R$/US$). Despite the 

study being almost 20 years old, approximate values are verified for similar-sized projects in recent years. For 

example, in bidding No. 073/2023 from the municipality of Apiacás, Mato Grosso, Brazil, the assessment for the 

construction of a water treatment plant designed for treating 108 m³ h-1 is 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 $4,000-10,000 (R$20,000-50,000) for supplying 

1000 m³ of potable water per month. If extrapolated for a supply of 36,000 m³ per month (50 m³ h-1), 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 assessments were used as a reference. Table 

2.12 summarizes their results. 

 



Techno-Economic Assessment 

  

63/ 439 

Table 2-12 CAPEX and OPEX of the water treatment system for supply. 

CAPEX 

1000 m³ h-1 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, Pre-operation, and Technical Assistance 80,161.94 

Engineering and Coordination 465,705.06 

TOTAL 5,122,755.67 

OPEX 

1000 m³ h-1 Unit 

Energy 0.028 

$/m³ 

Sludge Disposal 0.251 

Chemical Products 0.243 

Centrifuge 0.001 

General Maintenance 0.008 

Operational Team 0.047 

Monitoring Analyses 0.022 

TOTAL 0.599 

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

 

 

Regarding the OPEX of WTP projects, Ribeiro and Melo (2020) assessed 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 $0.88 (R$4.33 per m³) to superficial 

water and $0.09 (R$0.46 per m³) 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-1. 

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, disinfection, fluoridation, and pH correction. Additionally, they evaluated a non-conventional 

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, reaching the value of $0.003 (R$0.014 per m³) for conventional 

treatment and $0.0002 (R$0.0010 per m³) for non-conventional treatment. 

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

Table 2-13 CAPEX and OPEX estimates for assessed scenarios regarding WTP. 

Scenario 1 - 74 m³ h-1 

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 Apiacás (2023) 374,493.93 

OPEX 

Reference $ month-1 

Ribeiro e Melo (2020) 46,700.90 

Paranhos e Zanella (2023) 31,903.29 

Scenario 2 - 237 m³ h-1 

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 Apiacás (2023) 1,199,392.71 

OPEX 

Reference $ month-1 

Ribeiro e Melo (2020) 149,569.07 

Paranhos e Zanella (2023) 102,176.74 

Dollar: R$4,94. 

 

 

For comparison purposes, Table 2.14 gathers information on water intake permits (groundwater and surface) from 

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

 

Table 2-14 Permits for groundwater/surface water extraction issued to an Agroindustrial Cooperative in Western 

Paraná 

Statute 
Extraction Volume (m³ h-

1)* 
Validity Source type Source 

25254/2023 145 aug/19 Surface Rio Santa Fé 

25108/2023 478 aug/29 Surface Rio São Camilo 

11187/2023 9 jan/29 Groundwater Aq. Serra Geral 

10015/2023 9 jan/29 Groundwater Aq. Serra Geral 

11124/2023 37 jan/29 Groundwater Aq. Serra Geral 

11179/2023 40 jan/29 Groundwater Aq. Serra Geral 

11128/2023 24 jan/29 Groundwater Aq. 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 scenarios. Instead of the first proposal presented in Chapter 2, without recycling, an alternative 

process for methanol production from syngas has been proposed. The following Figure 2.16 presents the process 

layouts together and summarize final product (syncrude or methanol) yield in mass per h terms. In addition, the 

following table, Table 2.15, summarizes the process layouts yields.  
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Figure 2-16 Block flow diagrams for the base case process evaluated ð biogas conversion to syncrude (a and b) and 

methanol (c). 

 

Table 2-15 Summary of the process layouts yields. 

Scenarios Product Yield Green H2 requirement 

Process Scenario A: Syncrude 15420 kg/h (syncrude) 639 kg/h (for Hydrocracker) 

Process Scenario B: Syncrude 21812 kg/h (syncrude) 
3419 kg/h (for rWGS & 

Hydrocracker) 

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 effectively employing all the available CO2, necessitating a relatively high hydrogen 

input of 3427 kg/h. Through precise calibration of the electrolyzer capacity and CO2 utilization, the process can be 

further optimized, allowing for tuning of electrolyzer sizing and the option to vent a portion of the CO2. 

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 price is 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 equipment, 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 the proposed 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 self-sufficient, 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 for e-SAF and e-methanol. Respectively, it has 

estimated for eSAF a price point of 1200 US/ton and for e-methanol a price point of 800 US/ton. It is to be noted 

that the uncertainty of this 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 2.17 reveals 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. In contrast, process scenario 3 proves economically infeasible under the 

assumed e-SAF price.  

 

 
Figure 2-17 Simplified 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 2.18 illustrates 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 (1400 $/ton), and a high-medium 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 bio-methanol (800 $/ton), and high range future price for e-methanol (1400 $/ton). The latter 

two prices are derived from the International Renewable Energy Agency. 
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Figure 2-18 Sensitivity analysis of the business case indicator IRR in relation to the final product price. 

 

The methanol process layout exhibits the highest 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 potential drawback. Process B (SAF) demonstrates 

feasibility only when the SAF price exceeds 1500 $/ton. Moreover, Process B is more sensitive to product price 

variations compared to Process A (SAF). Figure 2.19 presents an alternative sensitivity analysis focusing on the impact 

of electricity price, a significant contributor to OPEX.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-19 Sensitivity 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 electricity 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 syncrude/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, CO2 utilization plays a significant role in the process design, costs, and consequently, the 

overall business case. It is recommended to investigate scenarios involving reduced CO2 utilization 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 defined 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. Considering that, a refined economic analysis was carried out for the 

methanol process. 

 

2.7.2 Detailed Methodology ð 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 a reliable result, 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 Capital (CTCI) of a plant. Each parameter in the cost estimation 

model will be discussed above. 

ὅ ρȟρψ Ͻὅ ὅ ὅ  ὅ  ὅ  (1) 

 

The Total Invested Capital (CTCI) can be split into depreciable and non-depreciable 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 depreciation of their 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 (CTBM), the cost of area preparation (Csite), the cost of general installations 

(Cbuildings), and the cost of utility installations (Cfacilities). 

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 non-depreciable, and it will be considered as the working capital or the 

start-up costs (CWC). Each cost associated with the Total Invested Capital (CTCI) will be described individually. 

 

2.7.2.1 Total Module Cost (CTBM) 

CTBM sums up bare-module costs for every process equipment element, from tanks and machinery to computers and 

software. The bare-module cost of each equipment (CBM) starts with the base price of the equipment (CFOB), 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).  

 

ὅ ὅ ϽὊ  (2) 

 

CFOB is 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 addition, FM is the module 

factor for correcting this FOB cost and varies according to the unit operations (Table 2.16). 

 

Table 2-16 Module factors for different equipments. 

Equipments FM 

Horizontal reactors 4,3 

Columns 4,3 

Heat Exchangers 3,3 

Centrifugal Pumps 3,4 

Compressors 3,5 

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

 

The module prices are calculated 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: 

 

ὅ ὅ Ͻ
ὅὉ

ὅὉ
 

(3) 

 

For 2023, the Chemical Engineering Plant Cost Index used was 798.7. This value is available on Chemengonline, of 

Chemical Engineering (https://toweringskills.com/financial-analysis/cost-indices/). Also, a safety factor of 20% was 

added in the total bare-module cost. 

 

2.7.2.2 Site Cost (Csite) 

Site preparation and development costs (Csite) can be significant for new plants (grass-roots plants), ranging from 

10 to 20% of the total bare-module 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. 

 

https://toweringskills.com/financial-analysis/cost-indices/
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2.7.2.3 Buildings Cost (Cbuildings) 

The cost of process buildings can be initially estimated at 10% of CTBM. For new plants (grass-roots plants), non-

process buildings can be preliminarily estimated at 20% of CTBM. However, for expansions of existing integrated 

complexes, non-process buildings are typically lower at around 5% of CTBM. 

 

2.7.2.4 Facilities Cost (Cfacilities0) 

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 allocated for other offsite facilities. 

 

2.7.2.5 Working Capital (CWC) 

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 cash, inventory, and receivables on one side, and accounts payable on the other. Typically, a one-

month buffer is provided, reflecting standard 30-day payment terms for both purchase and sale of goods. It can be 

calculated by: 

 

ὅ ὧὥίὬ ὶὩίὩὶὺὩίὭὲὺὩὲὸέὶώὥὧὧέόὲὸί ὶὩὧὩὭὺὥὦὰὩὥὧὧέόὲὸί ὴὥώὥὦὰὩ (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 30-day buffer of cash reserves is required. This equates to 8.33% of the annual cost 

of manufacture (COM), assuming a 30-day period represents one-twelfth of a year. The annual cost of manufacturing 

(COM), which is consider as the OPEX value, is the sum of the direct manufacturing costs (that includes feedstocks, 

utilities, labor-related operations, and maintenance), the operating overhead and the fixed costs (property taxes, 

insurance, and depreciation).  

Inventory Working Capital: A seven-day 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 thirty-day 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 methanol plant are available in Table 2.17. It is important to mention that 

the CAPEX from renewable plants is described in Chapter 3. The results calculated for the OPEX of the methanol 

plant are available in Table 2.18. 
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Table 2-17 Total 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 $1.398.370.357,58 

 

Table 2-18 Total OPEX investment costs. 

Description Value (US$) 

Raw Material Costs $ 58.815.407,58 

Utilities Costs $ 100.981.048,20 

Labor-Operations 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 biogas-to-methanol conversion case shows a 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, site, building, 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 expenditure (CAPEX) 

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 available, non-toxic, and 

cost-effective options like water and steam. However, due to the high-water 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 production 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 processes for improved energy efficiency, ultimately 

leading to reduced overall operating costs. 

 Regarding the specific OPEX parameters, it is important to mention that the labor-operation cost was estimated 

based on a general plant. Also, the maintenance was considered as 9% of all the depreciable capital calculated 

previously (CTCI), the taxes and insurance were 1% of this same capital and the depreciation was 8% of the difference 

between the CTCI and 118% of the facilities costs (Cfacilities). 
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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 financially viable. Refer to Table 2.19 for the specific cash flow projections. 

 

 

Table 2-19 Calculated IRR for methanol production. 

Case Description IRR 

Methanol Cost: 1000 US$/ton -3,87 % 

Methanol Cost: 1200 US$/ton 2,91 % 

Methanol Cost: 1500 US$/ton 12,92 % 

 

To understand how changing production or price impacts profitability in methanol production, the break-even 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 fluctuated. For 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, equipment, and utilities are particularly vulnerable to change. This uncertainty, coupled with the 20% 

potential error in the cost estimations by Guthrieõs methodology, underscores the need for flexibility and adaptability 

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 baseline, 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 third syncrude production scenario (B) aimed to address CO2 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 Fischer-Tropsch synthesis. As a simpler alternative 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 process configuration 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 scenarios 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 complexity 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, so the economics 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 strategy of the 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 process design 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 feasibility 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. The primary recommendations regarding process optimization requirements will be 

outlined in this section.  

 

¶ Water scrubber: the 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 need would 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 processes for conducting 

biogas upgrading and separating CH4/CO2. Given the elevated CO2 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. 

¶ Utility types and conditions: simple 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 the water 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 conditions (temperature, pressure, phase) for each 

chosen utility to minimize the overall costs. 

¶ 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 opportunities 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. 

¶ Water utilization: The evaluated process generates significant quantities of water as a by-product. 

Consequently, it is imperative to conduct thorough and optimized water treatment and reuse processes to 

minimize the overall water consumption. This would not only contribute to 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 be present 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 convergence issues 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 this rate 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 gas-based methanol process) (Advanced Extraction Technologies, n.d.; Mirvakili et al., 

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 high-cost green hydrogen is being introduced 

in the process, and 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 recycle 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 were not 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 separation 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 attractive. As suggested 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 fresh 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 will provide a process description of the main simulated unit operations. The process unit operations 

were divided into the main transformation steps that comprise the considered system. 

 

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 upgrading (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). A key concern 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 is responsible 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 column), 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 system of two 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, followed 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. On both 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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To model the absorption and the stripper columns, some general considerations were made: the thermodynamic 

model used was the electrolytic NRTL (electrolyte non-random two liquids); the compounds CO2, H2S, NH3, N2, O2 

and CH4 were considered Henry's components; 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 mixture of 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, and no pressure drop was taken into 

account. 

 

Table 2-20 CH4/CO2 separation system reactions. 

Type Reaction 

Equilibrium reaction ὔὌ Ὄὕᴾ ὔὌ ὕὌ 

Equilibrium reaction ὌὛᴾ Ὄ Ὓ  

Equilibrium reaction ὌὛP  Ὄ ὌὛ 

Equilibrium reaction Ὄὕᴾ Ὄ ὕὌ 

Equilibrium reaction ὅὕ Ὄὕᴾ Ὄ Ὄὅὕ  

Equilibrium reaction Ὄὅὕ ᴾ Ὄ ὅὕ  

Salt ὔὌὌὛ ᴾ ὔὌ ὌὛ 

 

 

Two streams were produced in the initial column. 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 absorber. The CO2 is separated and exits as part of the 

upper stream from this column. 

Figure 2-20 Block flow diagram for the water scrubbing system for CO2/CH4 separation. 
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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 and large-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 approximately 3 and the catalyst commonly employed in this reforming process 

is nickel-based (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 using an 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 a pre-reformer 

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 mixture of different compounds, primarily including CH4, CO2, H2O, 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, so it is not 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 at chemical 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 thermodynamic model considered on the simulations was Peng Robinson. 

Table 2-21 Reactions of the steam reforming system. 

Nº Name Reaction 

r1 Steam Reforming main reaction ὅὌ Ὄὕᴾ ὅὕ σ Ὄ  

r2 Reverse Water-Gas shift ὅὕ Ὄ ᴾὅὕ Ὄὕ 

r3 Reverse Sabatier reaction ὅὌ ς Ὄὕᴾ ὅὕ τ Ὄ  

 

 

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 reactor. Because 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 contents, most 

studies related to SMR report minimal coke formation as a significant advantage (Froment & Xu, 1989; Gangadharan 

et al., 2012). 

2.9.3 Adiabatic Post-Converter 

 

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 has the potential to lower the syngas H2/CO molar ratio, particularly when employed after 



 Techno-Economic Assessment 

82/ 439 

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 (González-Castaño 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 mixture and adjusting the H2/CO ratio for Fischer-Tropsch synthesis or the Methanol synthesis. 

The second reactor is called adiabatic post-converter (APOC), and its modeling is based on the Topsoe ReShiftTM 

technology (Baltrusaitis & Luyben, 2015; Mortensen et al., 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 attain 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 °C. Additionally, 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 occurring. 

Name Reaction 

Bi-reforming σ ὅὌ ς Ὄὕ ὅὕᴾψ Ὄ τ ὅὕ 

CO2 Methanation ὅὕ τ Ὄ ᴾὅὌ ςὌὕ 

CO Methanation ὅὕ  σὌ ᴾὅὌ Ὄὕ 

Reverse Water-Gas shift ὅὕ Ὄ ᴾὅὕ Ὄὕ 

 

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 25.5 bar and a 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, H2, H2O, 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 stream. Since CO2 is introduced into the Re-Shift 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 Re-Shift reactor, must be removed 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 H2O. 

Subsequently, in the flash tank, the condensed 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 Peng Robinson equation of state was employed 

to predict the systemõs 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 et al., 2018; Taipabu et al., 2023).  

The process of CO2 chemical absorption by a MEA (Monoethanolamine) solution involves a two-column 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, known as 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. 

 

Table 2-22 MEA system reactions. 

Nº Reaction 

r1 Ὄὕ ὓὉὃὌ P ὓὉὃ Ὄὕ  

r2 ςὌὕ P ὕὌ Ὄὕ  

r3 Ὄὅὕ Ὄὕ P ὅὕ Ὄὕ  

r4 ὅὕ ὕὌ ᴼὌὅὕ  

r5 Ὄὅὕ ᴼὅὕ ὕὌ  

r6 ὓὉὃ ὅὕ Ὄὕᴼ ὓὉὃὅὕὕ Ὄὕ  

r7 ὓὉὃὅὕὕ Ὄὕ ᴼ ὓὉὃ ὅὕ Ὄὕ 

r8 ὅὕ ς Ὄὕ P  Ὄὕ Ὄὅὕ  

r9 ὓὉὃὌ Ὄὕ P ὓὉὃ Ὄὕ  

r10 ὓὉὃὅὕὕ Ὄὕ P ὓὉὃ Ὄὅὕ  

 

The reactions 1-3 are governed by the equilibrium condition while the reactions 4-7 by kinetics. The kinetics data 

considered for those reactions are presented on. Also, the electrolyte solution chemistry considered the equilibrium 

reactions 2-3 and the reactions 8-10. 

Table 2-23 Kinetic parameters for reactions 4-7. 

Nº K Ea (cal/mol) 

r4 4.32.1013 13,249 

r5 4.38.1017 29,451 

r6 9.77.1010 9,855.8 

r7 3.23.1019 15,655 
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Regarding the reactions governed by the kinetics, power law expressions were considered with kinetic constants 

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 (stripper), used 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% water. A 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. This 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 formaldehyde, 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 methanol 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 reactor are exothermic, so optimal temperatures are required to balance kinetic and 

equilibrium. The prevalent catalyst employed for this synthesis is copper-zinc-aluminum based (Cu-Zn-Al). The typical 

conversion rate of CO to MeOH is 25% (Yang & Ge, 2016). To enhance 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 the Re-Shift 

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 are isentropic 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 reactions occurring at chemical equilibrium are detailed in Table 2.24, with 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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Table 2-24 Syngas-To-Methanol Reactions. 

Nº Name Reaction 

r1 CO2 hydrogenation ὅὕ σ Ὄ ᴾ ὅὌὕὌ Ὄὕ 

r2 Reverse Water Gas Shift (RWGS) ὅὕ Ὄ ᴾ ὅὕ Ὄὕ 

r3 CO hydrogenation ὅὕ ς Ὄ ᴾ ὅὌὕὌ 

 

2.9.5.1 Product Separation Section - Methanol 

 

The MeOH reactor produces a mixture of water, methanol, 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 15 equilibrium 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 the water 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 synthesis conversion. 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 Fischer-Tropsch synthesis 

 

As previously mentioned, the Fischer-Tropsch 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 produce hydrocarbons in the range of the sustainable aviation fuel (SAF), the low 

temperature Fischer-Tropsch (FT) was chosen. The previous analysis regarding FT temperature and pressure 

presented in the first report of this work indicated the need of a balance 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 of 220 ĚC and the pressure of 25 bar were chosen for the FT reactor 

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 system, n-paraffins and 1-olefins 

with chain length between 1 and 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 insertion mechanism was chosen. Minority products such as 

oxygenates, and 2-olefins were disregarded. The kinetic model allows for the prediction of temperature, pressure 

and reactants composition variations in the product formation rates. The kinetic modeling equations are presented 

in Appendix A.  

2.9.6.1 Product Separation Section ð Syncrude 

 

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 the process economic feasibility and efficiency. To achieve this, the unreacted syngas 

and eventually other compounds must be separated from the main product ð it 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 by (de Klerk, 2008) for the LTFT synthesis was proposed. 

 

Figure 2-21 Generic FTS product recovery scheme (de Klerk, 2008). 

 

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 process 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, and a 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 non-beneficial or detrimental to the separation of components. Since 

reducing the pressure would imply 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 separate the syncrude (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, and two 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+ hydrocarbons, 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 of C3-C5 

hydrocarbons, for example. These heavier hydrocarbons will be reformed in the pre-reformer aiming 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, a pre-reformer 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 pre-reformer was inserted in the process to form syngas by the reforming of these 

heavy hydrocarbons of the recycle stream. 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 justified since the C3+ hydrocarbons flow in the recycle stream was very low, representing a non-

viable recovery. 

2.9.7 Pre-reformer 

 

According to Topsoe technology, the Re-Shift process includes an additional unit known as pre-reformer. 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 stream of the Fischer-Tropsch 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 pre-reformer reactor. The water is compressed to 26 bars in a centrifugal 

pump and preheated 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°C.  

The conditions of the pre-reformer 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 thermodynamic 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. 

2.9.8 RWGS 

 

The syngas generated in the Re-Shift process, that includes the SMR and APOC units, must be adapted to meet the 

requirements of the Fischer-Tropsch (FT) process, particularly concerning CO2 and water content. Typically, CO2 

removal is achieved through chemical absorption, using amine-base 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 reaction.   

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 used to predict the behavior of this system is also the Peng-Robinson 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 extracted 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, renowned for its abundant biodiversity and agricultural expertise, has positioned itself as a 

significant player in the biofuelsõ global ecosystem, providing the opportunity of supplying these energy carriers to 

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 compelling solution 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 biomass not 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 land-use change and 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 eco-friendly solution to meet its renewable energy targets. 

Nevertheless, for the produced biofuels to be eligible for the mandatory European market, several regulatory 

requirements must be met, including the systemõs compliance with carbon intensity thresholds, standards for the 

used biomass feedstock, specifications 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 that must 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. 



Certification and sustaintability aspects analysis 

91/ 439 

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 the most suitable certification schemes to be implemented in the syncrude process, 

considering objective off-taker markets and the clientõs location, including potential funding opportunities for this 

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 commercial 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 certification schemes are classified according with specific criteria to be defined within the report.  

Available funding mechanisms for the biomass-based 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 Ramp-Up Program (H2Uppp), that seeks to promote the implementation of 

renewable H2 and Power-to-X projects in developing countries, GIZ has engaged, as a public partner, in a public-

private cooperation project (PPP) along 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 the aviation 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 the way 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 the main 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 syngas is adjusted through the inclusion of an adiabatic reactor that incorporates Topsoeõs ReShiftTM 

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 Fischer-Tropsch reactor 

where syncrude is finally synthesized. A simplified diagram of the described value chain can be found below: 

 

Figure 3-1 Simplified 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 syncrude, feeding the SMR reactor after a pre-treatment 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 which would also utilize a renewable hydrogen stream. Both possible 

additions can be found in the following value chain representation: 

 

Figure 3-2 Simplified process flow diagram for syncrude production - with 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 of regulation that can be applied to the process design, as it has the potential to comply with Renewable 

Fuel of Non-Biological 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 specific to the European market. These regulations are crucial as they predominantly dictate the 

requirements imposed on the project. 

Firstly, as the organic-origin syncrude will be exported to Europe, it falls under the horizon of Directive (EU) 

2018/20014 (RED II) 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 II regulation for this specific advanced 

product. Additionally, considering 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 (EU) 2018/2001 (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) 2018/2001 ð (RED 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 increased in the directiveõs revision (RED III) that updates the minimum share of RES by 2030 to 

42.5% (with an indicative target of 45%).  

Within the RED II 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 following [1]: 

Á Biomass fuels: Gaseous and solid fuels from biomass sources 

Á Biofuels: Liquid fuels from biomass used for the transport sector 
* Advanced biofuels: Biofuels made from waste and residues (non-food/feed crop feedstocks5) 

Á Bioliquids: Liquid fuels from biomass used for other energy purposes such as electricity, heating and cooling. 

For the transport sector, RED III 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) 2018/2001of the European Parliament - also known as the Renewable Energy Directive (REDII) - entered into force in December 2018, 

as part of the Clean energy for all Europeans package, aimed at  maintaining the EUõs status as a global leader in renewables and, more broadly, helping it 

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: 

¶ Bioliquids must achieve 70% level of emissions savings6  compared to a fossil fuel comparator of 183 

gCO2eq/MJ in case they are used for electricity generation, and 80 gCO2eq/MJ if they are utilized for the 

production of useful heat;  

¶ Biofuels and biomass fuels must achieve a 65% emissions savings compared to a fossil fuel comparator of 

94 gCO2eq/MJ. 

 

To demonstrate that a given biofuel complies with their required carbon intensity reduction, the emissions associated 

with its full life-cycle must be calculated through a specific methodology detailed in the RED II regulation.  

According with the mentioned methodology, the emissions from the production and use of biofuels can be obtained 

through three different options [1]: 

1. If the emissions from carbon stock changes caused by land-use 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 defined for different production pathways, where several fuels are associated with a specific 

feedstock. 

2. An actual value7 can be calculated by introducing the proper factors in the following expression: 

Ὁ Ὡ Ὡ Ὡ Ὡ Ὡ Ὡ Ὡ Ὡ  ( 1 ) 

 

Where:  

 

Ὁ ὸέὸὥὰ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ ὴὶέὨόὧὸὭέὲ έὪ ὸὬὩ ὪόὩὰ ὦὩὪέὶὩ ὩὲὩὶὫώ ὧέὲὺὩὶίὭέὲȠ  
Ὡ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ ὩὼὸὶὥὧὸὭέὲ έὶ ὧόὰὸὭὺὥὸὭέὲ έὪ ὶὥύ άὥὸὩὶὭὥὰίȠ 
Ὡ ὥὲὲόὥὰ ὩάὭίίὭέὲί Ὢὶέά ὧὥὶὦέὲ ίὸέὧὯ ὧὬὥὲὫὩί ὧὥόίὩὨ ὦώ ὰὥὲὨ όίὩ ὧὬὥὲὫὩȠ  
Ὡ ὩάὭίίὭέὲί Ὢὶέά ὴὶέὧὩίίὭὲὫȠ 

Ὡ ὩάὭίίὭέὲί Ὢὶέά ὸὶὥὲίὴέὶὸ ὥὲὨ ὨὭίὸὶὭὦόὸὭέὲȠ 
Ὡ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ ὪόὩὰ Ὥὲ όίὩȠ 
Ὡ ὩάὭίίὭέὲί ίὥὺὭὲὫί Ὢὶέά ίέὭὰ ὧὥὶὦέὲ ὥὧὧόάόὰὥὸὭέὲ ὺὭὥ ὭάὴὶέὺὩὨ ὥὫὶὭὧόὰὸόὶὥὰ άὥὲὥὫὩάὩὲὸȠ 
Ὡ ὩάὭίίὭέὲί ίὥὺὭὲὫί Ὢὶέά ὅὕ ὧὥὴὸόὶὩ ὥὲὨ ὫὩέὰέὫὭὧὥὰ ίὸέὶὥὫὩȠ  
Ὡ ὩάὭίίὭέὲί ίὥὺὭὲὫί Ὢὶέά ὅὕ ὧὥὴὸόὶὩ ὥὲὨ ὶὩὴὰὥὧὩάὩὲὸȢ 

 

According with the methodology, all emissions must be reported in units of gCO2/MJ, and they shall be handled 

through a mass-balance chain of custody. Additionally, emissions associated with the manufacture of machinery and 

equipment should not be considered. 

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. 

7 The regulation uses the term òactual valueó to refer to the total emissions calculated by using equation (1), instead of the default values included in the 

RED II annex. 
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ὛὥὺὭὲὫὉ ὉȾὉ   ( 2 ) 

 

Where Ὁ  are the emissions from the respective fossil fuel comparator. 

Emissions from the extraction of raw materials (Ὡ ) should include inputs from the following aspects:  

¶ The extraction process 

¶ Collection, drying, transport and storage of raw materials 

¶ Waste and leakages 

¶ Upstream emissions from products utilized in the extraction process 

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 RenovaBio8. Additionally, 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 land-use change (Ὡ) must be included when the biomass 

sources are provided from feed crops, cultivated over land that previously possessed a high-carbon stock, such as 

wetlands, forests or peatlands. If the biomass sources come from waste and residues, no emissions from this input 

shall be considered. 

Emissions from processing (Ὡ) 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 

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 fuel (Ὡ ) shall include the contribution of emissions released during 

the ground transportation and shipping of the fuel from the production site to the end-use location. The emissions 

from the fuel end-use (Ὡ) 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 crop-rotation, 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 (Ὡ ) input. 

In a similar manner, emissions avoided due to their carbon capture and storage (Ὡ ) (that have not been previously 

included in Ὡ) 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 fossil-based carbon input 

(Ὡ ). 

 
8 Instituted by Law 13.576/2017, the Brazilian National Biofuel Policy (RenovaBio) recognizes the strategic role of the biofuels (ethanol, biodiesel, 

biomethane, biokerosene for aviation and others) in the Brazilian energy matrix with regard to its contribution to energy security, the predictability of 

market and the mitigation of greenhouse gas emissions (GHG) in the fuel sector.  
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Besides CO2, emissions from other GHG gases must be considered, specifically N2O and CH4, for which conversion 

values to CO2 equivalence shall be implemented based on their Global Warming Potential (GWP) over a 100-year 

time horizon. These values are shown in the table below: 

Table 3-1 CO2 equivalence values for all considered greenhouse gases. 

Greenhouse gas GWP100 [gCO2eq/g] 

CO
2
 1 

N
2
O 298 

CH
4
 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 co-products in any given process stage. In case the previous is observed, 

the emissions up to the analysed 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 the co-products 

do not correspond to excess electricity or heat. No emissions 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 biomass9 are 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 the EU 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 maintain 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 high-biodiversity 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 species-rich 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 high-carbon stock 

 
9 The regulation defines òagricultural biomassó as biomass material coming from agriculture including vegetal and animal substances. 
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Other requirements for the protection of soil-quality 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 II regulation, the assessed syncrude production process shall achieve a 65% emissions savings 

compared to a fossil fuel comparator of 94 gCO2/MJ, as in this case, the final end-use of the fuel as feedstock for 

SAF production and its biomass source coming from pig manure, make it part of the advanced biofuel category. 

Considering biogas as the primary feedstock of the process, the emissions associated with the extraction of raw 

materials (Å ) 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 defining this input. 

Given that pig manure is considered a biomass waste source, no emissions associated with carbon stock changes 

due to land-use changes (Å) need to be considered in the total emissions calculation. 

For the calculation of emissions from processing (Å), the items detailed in the previous regulatory framework must 

be evaluated. From the information received in the conceptual design of biogas conversion to syncrude [2] is noted 

that a fraction of biomethane before the SMR reactor and a tail gas stream from the Fischer-Tropsch process are 

used as fuel, for which they should be considered as co-products. This is relevant as these streams shall be subject 

to allocation, reducing the emissions associated to the final product.  

From the same conceptual process flow diagram provided by Nirás, 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 of the Å input. 

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 would represent 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 II regulation for this kind of fuels 

is also complied. The specific conditions for meeting the RFNBO aspects of the RED II 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 Å  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 discount of ð45 gCO2/MJ 

can be included in the total emissions calculation as part of the Å  input. No emissions from the biofuel end-use 

(Å) 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 

Regulatory framework 

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 least 55% 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 aviation fuel (e-SAF), recycled carbon aviation fuels and aviation biofuels (bio-SAF). 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; relying on the Directive (EU) 2018/2001 for their definition, aligning with what is 

described in part B of Annex XI of RED II. Along with the above, the REFuel Aviation EU also obliges to comply with 

the emissions savings thresholds established by the RED II for synthetic 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: 

 

Figure 3-3 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 measures, the 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 cheaper prices, 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 REFuel Aviation does not present any major effects on the definition of the 

process design, besides what it is already established in the RED II regulation. Nevertheless, this regulation provides 

certainties regarding the future demand of SAF in the EU, as the mandatory shares that will progressively increase 

within the territory will generate new markets that present an opportunity for the introduction of biomass-based 

fuels. 

3.4.1.3 Carbon Offsetting and Reduction Scheme for International Aviation ð (CORSIA) 

 

Regulatory framework 

During 2016, the International Civil Aviation Organization (ICAO), put in place this scheme with the objective of 

achieving a carbon-neutral growth of international flights to avoid the increase of the contribution of the aviation 

sector in global CO2 emissions. CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation) is one 

of several measures promoted by ICAO to work towards its aspirational goal of net-zero carbon emissions by 2050, 

which also include the improvement of aircraft technology and standards, more efficient air traffic management and 

the development of sustainable aviation fuels [4]. 

CORSIA works by establishing a baseline defined by the reported emissions of 201910. Each 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: 

 

Figure 3-4 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 Initially the emissions average between 2019 and 2020 was set as the baseline, nevertheless, as the pandemic context affected flights demand during 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 fuels11 are 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 measures globally. 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, including [5]:  

The emissions unit must come from a GHG emissions reduction or removal that is not part of a business-as-usual 

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 reductions must be quantified through accurate mechanisms, validated by official protocols 

and audited by a third-party. 

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 phase, all 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 them [6]. States 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 be seen below: 

 

 
11 Lower-carbon aviation fuels are only accepted as option until the end of 2023.  
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Figure 3-5 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 Estimation and Reporting Tool (CERT) which can be accessed from the ICAO Corsia website 

[4] [4] [4]. The same monitoring method must be implemented throughout the 3-year compliance period. 

Only flights that come from or are headed to a member State are subject to offsetting requirements in addition to 

MRV. This route-based approach is explained in the following diagram: 
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Figure 3-6 CORSIA route-based 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 the 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 supplier.  

Impact on the process design 

As presented 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 CORSIA (besides what is established by RED II) 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 before 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 Hydrocarbons ð (ASTM 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 91-91 (UK Defense Standard) and the ASTM12 D1655 (Standard Specification for Aviation 

Turbine Fuels), with the latter setting requirements for several criteria such as composition, volatility, fluidity, 

combustion, thermal stability, additives, among others [5]. 

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 drop-in replacement; in 

general, SAF can be loaded 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 Jet-A1 kerosene, SAF lacks some olefins and aromatics that are needed to a certain level13 to ensure proper seal 

swelling used for leaks prevention [8]. 

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, SAF 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 can be found in the following table: 

Table 3-2 SAF production pathways certified by the ASTM D7566 [8](extracted from [8]) 

Production pathway Typical feedstock 

Maximum 

blending 

limit (%v/v) 

Approved 

on 
ASTM  Reference 

Fischer-Tropsch (FT) 
Carbon-based 

biomass 
50% 2009 

ASTM D7566 

Annex 1 

Hydrotreated Ester and Fatty Acids 

(HEFA) 
Oil-based feedstock 50% 2011 

ASTM D7566 

Annex 2 

Synthetized iso-paraffins (SIP) 
Lignocellulosic 

biomass 
10% 2014 

ASTM D7566 

Annex 3 

Fischer-Tropsch Synthetic 

Paraffinic Kerosene with Aromatics 

(FT-SKA) 

Carbon-based 

biomass 
50% 2015 

ASTM D7566 

Annex 4 

Alcohol (Isobutanol) to Jet (ATJ) 
Alcohol or sugar-

based feedstock 
50% 2016 

ASTM D7566 

Annex 5 

Alcohol (Ethanol) to Jet (ATJ)  
Alcohol or sugar-

based feedstock 
50% 2018 

ASTM D7566 

Annex 5 

Catalytic Hydrothermolysis (CH) 
Algae, waste oil, oil 

plant  
50% 2020 

ASTM D7566 

Annex 6 

Hydrocarbon-Hydroprocessed 

Esters and Fatty Acids (HC-HEFA) 
Algae 10% 2020 

ASTM D7566 

Annex 7 

Fats, Oils, and Grease (FOG) Co-

processing 
Oil-based feedstock 5% 2018 

ASTM D1655 

Annex A1 

Fischer-Tropsch Co-Processing 
Carbon-based 

biomass 
5% 2020 

ASTM D1655 

Annex A1 

 
12 ASTM: American Society for Testing Materials 

13 Less than 25% as higher percentages are not desirable for internal combustion. 
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Impact on the 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 the case of syncrude as this product is synthesized through a Fischer-Tropsch (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 methanol-to-kerosene (MTK) 

production route. Methanol-to-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 production [9]; additionally, 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 in Table 3-2, this SAF production pathway has not been certified yet by the ASTM as a valid 

alternative for aircraft fueling. Moreover, its technology readiness level (TRL) is currently at 4-5 (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 receive the ASTM 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 

present report. 

 

3.4.1.5 Directive (EU) 2018/2001 ð (RED II Art. 25-30): RFNBO regulation 

 

Regulatory Framework 

The criteria for ensuring a product's eligibility as a Renewable Fuel of Non Biological Origin (RFNBO) in the European 

market, are outlined in RED II Art. 25-30 and the two Delegated Acts within the Directive. These criteria primarily 

focus on two aspects: the CO2 emissions associated with the process and the requirements for the energy source for 

H2 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 II Art. 25-30). Meeting 

these criteria may only be justifiable 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 non-biological and renewable. Additionally, 

to be RED II compliant, it needs to achieve a GHG savings of at least 70% compared to the Fossil Fuel Comparator, 

defined as 94 gCO2eq/MJ. 

In terms of the energy source, it is not just about its renewable nature but also about meeting specific requirements. 

In the case where electricity is sourced from the grid, outside of a Power Purchase Agreement (PPA), it must meet 

the following criteria: 

¶ The electricity is consumed during an imbalance settlement during which power-generating facilities using 

renewable energy sources were downward redispatched, and the electricity consumed is reducing the need 

for redispatching by a corresponding amount. 
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¶ Consumption takes place in a bidding zone with more than 90% of RES in the previous calendar year, and 

electrolyzer capacity factor does not exceed RES %. Once the 90% threshold is reached, it will be considered 

fulfilled for 5 years. 

On the other hand, if renewable electricity is procured through one or several Power 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 energy production asset is the same entity producing the fuel, there is no need to establish a Power 

Purchase Agreement (PPA), but the electricity provided must also comply with these three attributes. The criteria for 

additionality, geographical correlation, and temporal correlation are described below: 

 

Table 3-3 Attributes required to be recognized as RFNBO under Directive (EU) 2018/2001 ð (RED II Art. 25-30) [1] [1] 

Attributes for RFNBO Definition 

Additionality 

¶ The renewable electricity plant used to produce hydrogen must have 

started producing no more than 36 months prior to the electrolyzer 

Commercial Operation Date. 

o Exceptions: repowered RES plants when repowering investments 

exceeds 30% of the original investment. 

¶ and the installation generating the electricity must not have received 

CAPEX or OPEX support (unless fully repaid).  

o 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 not required in òbidding zones14ó where the emission 

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

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

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

Geographical correlation 

¶ The electricity from the PPAs is consumed within the same hour by the 

electrolyzer (from 1.1.20230 onwards; before that, monthly): 

¶ or the electricity from the PPAs is stored behind-the-meter within the same 

hour;  

¶ or the electricity from the PPAs is consumed when the clearing price of 

electricity resulting from single day-ahead market coupling in the òbidding 

zoneó, is Ó 20 û/MWh or Ó 0,36 x price of an EU CO2 allowance. 

Temporal correlation 

¶ The RES installation and the electrolyzer are in the same òbidding zoneó  

¶ or the RES installation and the electrolyzer are in neighboring òbidding 

zonesó and the day-ahead price on the RES installation side is equal or 

higher than the price on the electrolyzerõs side. 

¶ or the RES installation is in an òoffshore bidding zoneó interconnected with 

the òbidding zoneó of the electrolyzer. 

 

 
14 Geographic zone where market participants (generators and consumers) can exchange energy without re-dispatching (reallocation of generating plant 

capacity to be produced) [45] 
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Given that RED II requires a Mass-Balance 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 market, the RED III15 regulation 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 production, the RED II regulation establishes a minimum emissions savings 

threshold of 70% respect to a fossil fuel comparator of 94 gCO2/MJ, 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 from electricity generation to the 

end use of the fuel. All details from the methodology for assessing GHG emissions from RFNBO are defined in the 

Commission Delegated Regulation (EU) 2023/1185, published in February of 2023 [10]. 

The GHG emissions associated with RFNBOs have to be calculated by the following expression: 

Ὁ Ὡ Ὡ Ὡ Ὡ Ὡ  ( 3 ) 

 

Where:  

 

Ὁ ὸέὸὥὰ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ όίὩ έὪ ὸὬὩ ὪόὩὰ ὫὅὕὩήȾὓὐ ὪόὩὰ 

Ὡ Ὡ ὩὰὥίὸὭὧὩ ὶὭὫὭὨὩ ὩάὭίίὭέὲί Ὢὶέά ίόὴὴὰώ έὪ Ὥὲὴόὸί ὫὅὕὩήȾὓὐ ὪόὩὰ 

 Ὡ ὩὰὥίὸὭὧὩάὭίίὭέὲί Ὢὶέά ὩὰὥίὸὭὧ Ὥὲὴόὸί ὫὅὕὩήȾὓὐ ὪόὩὰ 
 Ὡ ὶὭὫὭὨὩάὭίίὭέὲί Ὢὶέά ὶὭὫὭὨ Ὥὲὴόὸί ὫὅὕὩήȾὓὐ ὪόὩὰ 

 Ὡ ὩὼόίὩὩάὭίίὭέὲί Ὢὶέά Ὥὲὴόὸί ὩὼὭίὸὭὲὫ ὩὲὨ όίὩ έὶ ὪὥὸὩ ὫὅὕὩήȾὓὐ ὪόὩὰ 

Ὡ ὩάὭίίὭέὲί Ὢὶέά ὴὶέὧὩίίὭὲὫ ὫὅὕὩήȾὓὐ ὪόὩὰ 

Ὡ ὩάὭίίὭέὲί Ὢὶέά ὸὶὥὲίὴέὶὸ ὥὲὨ ὨὭίὸὶὭὦόὸὭέὲ ὫὅὕὩήȾὓὐ ὪόὩὰ 

Ὡ ὩάὭίίὭέὲί Ὢὶέά ὧέάὦόίὸὭὲὫ ὸὬὩ ὪόὩὰ Ὥὲ Ὥὸί ὩὲὨ όίὩ ὫὅὕὩήȾὓὐ ὪόὩὰ 
Ὡ ὩάὭίίὭέὲί Ὢὶέά ίὥὺὭὲὫί Ὢὶέά ὧὥὶὦέὲ ὧὥὴὸόὶὩ ὥὲὨ ὫὩέὰέὫὭὧὥὰ ίὸέὶὥὫὩ ὫὅὕὩήȾὓὐ ὪόὩὰ 

 

In a similar manner as the GHG emissions calculation methodology for biofuels, all emissions must be reported in 

units of gCO2/MJ. Once the total emissions from the use of the fuel (Ὁ) are calculated, the emissions savings of the 

RFNBO value chain shall be determined using equation   ( 2 ). 

Impact on the process design 

(I) Electricity generation criteria 

In the context of exporting H2 to European markets, understanding the concept of the "bidding zone" is 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 Zoneña geographical area where energy redispatching 

can be avoided ñcertain deductions can guide decisions for ensuring that the project is RED II compliance. 

Redispatch can occur due to congestion in the transmission grid, because of overloads in different elements (lines, 

 
15 RED III presents updated values from the presented in the RED II regulation. 



Certification and sustaintability aspects analysis 

107/ 439 

transformers, etc.). Therefore, ensuring 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.  

(II) 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 ): 

Ὁ Ὡ Ὡ Ὡ Ὡ Ὡ   ( 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 defined by elastic and rigid inputs; and inputsõ existing use or fate; 

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 industrial processes are captured and reutilized to produce a fuel.  

Emissions from existing use or fate (e_(ex-use)), 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 producing 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 supply that does not fulfill the requirements to be classified as fully renewable, the carbon intensity 

associated to this input is calculated as follows  [10]: 

ὅὍ
ͺ  
 ( 4 ) 

 

Where: 

 

Ὡ ὅὕ ὩήόὭὺὥὰὩὲὸ ὩάὭίίὭέὲί έὪ ὩὰὩὧὸὶὭὧὭὸώ Ὢὶέά ὸὬὩ ὫὶὭὨ ὫὅὕὩή 

Ὁ            ὲὩὸ ὩὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὸὭέὲ ὓὐ 

 

The respective calculations of the two previous factors are determined as presented below:  

 

Ὡ ͺ В ὧ ὧ Ͻὄ  ( 5 ) 

 

Where: 

 

ὧ        όὴίὸὶὩὥά ὅὕ ὩήόὭὺὥὰὩὲὸ ὩάὭίίὭέὲί Ὢὥὧὸέὶί ὫὅὕὩήȾὓὐ 

ὧ      ὅὕ ὩήόὭὺὥὰὩὲὸ ὩάὭίίὭέὲί Ὢὥὧὸέὶί  Ὢὶέά ὪόὩὰ ὧέάὦόίὸὭέὲ ὫὅὕὩήȾὓὐ 
ὄ              ὪόὩὰ ὧέὲίόάὴὸὭέὲ Ὢέὶ ὩὰὩὧὸὶὭὧὭὸώ ὫὩὲὩὶὥὸὭέὲ ὓὐ 

Ὥ ρȣὯ ὪόὩὰί όίὩὨ Ὢέὶ ὩὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὸὭέὲ 
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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 II), including the contribution from non-

CO2 gases, more specifically CH4 and NO2, which have to be expressed in terms of CO2eq by using their respective 

Global Warming Potential over the 100-year time horizon . In the case of electricity produced from the combustion 

of biomass fuels, CO2 emissions are not considered but CH4 and N2O emissions must be accounted for. The specific 

values for emissions of other fuels can be found in 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: 

Ὁ Ὁ Ὁ Ὁ  ( 6 ) 

 

Where: 

 

Ὁ            Ὣὶέίί ὩὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὸὭέὲ ὓὐ 

Ὁ             ὭὲὸὩὶὲὥὰ ὩὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὸὭέὲ Ὥὲ ὴέύὩὶ ὴὰὥὲὸ ὓὐ 

Ὁ            ὩὰὩὧὸὶὭὧὭὸώ Ὢέὶ ὴόάὴ ίὸέὶὥὫὩ ὴόὶὴέίὩί ὓὐ 

 

For the obtention of electricity production and fuel consumption data, the IEA ð Energy Statistics Data Browser16 is 

recommended as a source for the required data for the calculation of the carbon intensity of electricity consumed 

from the grid. Official national 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: 

¶ upstream emissions from water supply for the electrolyzer operation and cooling requirements,  

¶ emissions originating from electrical consumption and fuel consumption of water intake, treatment, and 

distribution.  

 

Regarding emissions from processing (▄▬), 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 distribution (▄◄▀) 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 final consumption gate. 

 

According to the emissions calculation methodology defined within the Delegated Act, the emissions from 

combustion of the fuel at its end-use (▄◊) 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 found at: https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-

browser?country=BRAZIL&fuel=Energy%20supply&indicator=ElecGenByFuel 
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Once the total emissions are determined, the GHG emission savings from the respective RFNBO product in 

comparison to the defined fossil fuel comparator are calculated as below: 

 

ὛὥὺὭὲὫίὉ ὉȾὉ ( 7 ) 

Where: 

 

Ὁ ὸέὸὥὰ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ ὴὶέὨόὧὸὭέὲ ὥὲὨ όίὩ έὪ ὸὬὩ ὙὊὔὄὕ 

Ὁ ὸέὸὥὰ ὩάὭίίὭέὲί Ὢὶέά ὸὬὩ ὪέίίὭὰ ὪόὩὰ ὧέάὴὥὶὥὸέὶ ωτ ὫὅὕȾὓὐ 

 

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 process. As oxygen is co-produced 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. In this case, given that oxygen does not present any 

energy content, the emissions should be handled through economic allocation.  

The economic value to be considered corresponds to the average factory-gate 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 atmosphere, all 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 II requirements (e.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 can also be implemented in case other hydrogen 

derivatives are produced from a mixture of energy inputs. 

(I) Inclusion of a renewable hydrogen input 

According with the methodology for GHG emissions calculations described in the  Commission Delegated Regulation 

2023/1185 (Delegated Acts)  [10], the inclusion of a renewable hydrogen stream into 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 II regulation. 

To define the share of product that qualifies as RFNBO, the renewable energy inputs that comply with RED II 

requirements must be divided by the total relevant energy inputs, thus the final share of RFNBO product will be 

defined proportionally to the energy content 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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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 heating value 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 electricity. 

 

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 input from biomass sources.  

 

3.4.1.6 Brazilian bill of law regulating the production of low-carbon 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 low-carbon hydrogen in Brazil, while 

simultaneously establishes 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 low-carbon 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 produced (4 kgCO2eq/kgH2). 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 in the bill of law are intended to gradually shift towards supporting renewable hydrogen 

(instead of low-carbon hydrogen). 

In regards to the production of low-carbon hydrogen and related activities such as processing, treatment, 

exportation, storage, and commercialization of low-carbon hydrogen, these activities will fall under the jurisdiction of 

the National Agency of Petroleum, Natural Gas, and Biofuels (ANP). The ANP will be responsible for granting 

authorization for these activities, with priority given to hydrogen-producing companies in processing these requests 

[11]. 

Given that this regulation oversees the production of low-carbon 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 

commercialization 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 certification -primarily for 

informational purposes-, or mandatory 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 

(self-defined; 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 (non-mandatory/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 standard(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 regulations 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 II Directive (EU) 2018/2001 regulation, which governs biofuels, bioliquids, and biomass 

consumption within the European Union. 

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. The SAF 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 also be necessary.  

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 Art 25-30, that includes specifications 

for Renewable Fuels of Non-Biological Origin (RFNBOs). 

Meanwhile, CORSIA is an additional regulation that might or might not impact the project, depending on the 

preferences of the off-taker. CORSIA is an international voluntary initiative that establishes various emission targets 

for operators of aircraft belonging 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 with the sustainability criteria set forth by CORSIA. If the off-takers 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 II and REFuel Aviation regulation, as well as the RFNBO portion of the production that fulfills RED II 

requirements for RFNBO. 

The Brazilian law and the standard currently under development in Brazil for low-carbon 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 II, as the latter regulation requires adherence to RED II requirements. Even that the CORSIA and 

ASTM certification do not need 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 post-export certification of SAF. 

3.5.2 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 chain-of-custody model. 

When the Mass Balance model is applied, the certificate must be traded along with the product, and tracking of all 

economic operators17 throughout 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 which - once it is verified 

that the respective actor complies with the certification system requirements - they 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. 

Subsequently, each economic operator can issue their respective "Proofs of Sustainabilityó (PoS),  which are 

statements made by economic operators based on the certificates issued by the certification body, stating the 

conformity with the requirements of a specific 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 with 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 issue their 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 

 
17 This term refers to a producer of raw material, a collector of waste and residues, an operator of installations processing raw material into final fuels or 

intermediate products, an operator of installations producing energy (electricity, heating or cooling), 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 the sustainability and greenhouse gas emissions 

saving characteristics of those raw materials or fuels [46]. 
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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 accounting 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 the most 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 the 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, Feedstock 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 categories 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 methodology 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 were considered 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 (Brazil for production and Europe for the target market). 

3.5.3.1 Directive (EU) 2018/2001 ð (RED 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 full compliance 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 regulation stipulates that SAF must comply with the same requirements as 

those set by RED II for biofuels, bioliquids, and biomass if produced from organic material, so the certification systems 

to be analyzed aimed at meeting RED II criteria for this type of products. 

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 considered 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 Kingdom [12]).  
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Table 3-4 RED II (Directive (EU) 2018/2001) certification systems overview 

 

 

 

 

 

 

 

 

 

 

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

widespread use across Europe, use of auditors with coverage in Brazil and since it is in the process of recognition for the EU RFNBO market. 

Elements / 

Certification 

systems 

Type of feedstock 

covered 

Geographic 

scope 

Experience in Brazil 

(certified projects) 

Certification 

bodies/auditors  

in Brazil 

International 

Sustainability and 

Carbon 

Certification (ISCC 

EU) [13]; [14]; [15]; 

[16]. 

Agricultural 

biomass, wastes 

and residues. 

Global 

Yes. Five (5) 

projects in Brazil 

have been 

certified under this 

system. 

Green Domus, IBD 

Certificações, SCS 

global, SGS, Control 

Union, Dekra, Bureau 

Beritas, Tuv Rheinald, 

TUV SUD 

Biomass Biofuels 

voluntary scheme 

(2BSvs) [17] 

Agricultural 

biomass, wastes 

and residues. 

Global 
Yes. Two (2) 

projects in Brazil. 

Bureau Vertias 

Certification, Control 

Union 

Rountable of 

Sustainable 

Biofuels EU RED 

(RSB EU RED) [18]; 

[19] 

Agricultural 

biomass, wastes 

and residues 

(forest biomass is 

excluded) 

Global 
Yes. Only one (1) 

project in Brazil. 
SGS and SCS global 

REDcert EU 18 [20] 

Agricultural 

biomass 

(excluding high-

ILUC risk 

feedstocks), waste 

and residues 

All EU member 

states and 

selected 

countries: 

Ukraine, Belarus, 

Norway, Russia 

and Canada 

No 

Bureau Veritas, Contol 

Union Certifications, 

Dekra, DQS, SGS, Tuv 

Rheinald, TUV SUD 
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Four certification systems have been identified and recognized by the European Commission to certify biofuels under 

the RED II 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 projectõs feedstock eligible for compliance within these schemes, since it is classified as animal 

manure and recognized as an agricultural 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 presents 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  

ANNEX 3: 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 analysis 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 facilitate implementation if targeting both markets -biofuels and RFNBO- at the same 

time.  

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

regulations for biofuels and which attributes were verified by the various certification systems under study (marked 

with an 'X'). The synthesized information is presented in the table below. 

 

 

Table 3-5 RED II (Directive (EU) 2018/2001) certification systems attributes analysis [13-20] 

Attributes RED II [1]   
ISCC EU 

[13] 

2BSvs 

[17] 

RSB EU 

RED [18] 

REDcert 

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 values areas X X X X X 

Soil Conservation           

Soil 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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Attributes RED II [1]   
ISCC EU 

[13] 

2BSvs 

[17] 

RSB EU 

RED [18] 

REDcert 

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 described 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 social and environmental 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 costs for 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 low-carbon/renewable H2 

products becomes, widening the price gap with Business 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 entry into the European market. 

3.5.3.2 Carbon Offsetting and Reduction Scheme for International Aviation ð (CORSIA) 

 

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 from the 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 REFuel Aviation 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 perspective. For this reason, 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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Table 3-6 CORSIA certification systems overview 

 

 

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 environmental sustainability requirements outlined within it. When analyzing these 

Elements / 

Certification 

systems 

Type of 

feedstock 

covered 

Geographic 

scope 
Scope of attributes 

Experience in 

Brazil  

Certification 

bodies/auditors 

in Brazil 

ISCC CORSIA 

[21] [21] 

Agricultural, 

forestry, 

aquaculture 

and fisheries 

raw 

Materials and 

residues 

Global 

Under this certification 

system, there are two 

accessible certifications: 

ISCC CORSIA:  

Operators must 

demonstrate 

compliance with the two 

ICAO CORSIA 

sustainability criteria of 

greenhouse gases and 

carbon stock, this latter 

prohibiting biomass 

extraction from land with 

high value content 

ISCC CORSIA PLUS: It 

additionally includes 

social and 

environmental 

sustainability 

requirements. 

Yes. Four (4) SAF 

projects certified 

in Brazil under 

this scheme 

Green Domus, 

IBD Certificações, 

SCS global, SGS, 

Control Union, 

Dekra, Bureau 

Beritas, Tuv 

Rheinald, TUV 

SUD 

RSB CORSIA 

[22] 

Agricultural, 

forestry and 

processing 

residues, and 

wastes, by-

products and 

co-products.  

Global 

Under this certification 

system, there are two 

accessible certifications: 

CORSIA certification 

only (not RSB): 

Operators must 

demonstrate 

compliance with the two 

ICAO CORSIA 

sustainability criteria 

(greenhouse gases and 

carbon stock). 

RSB CORSIA 

certification: Additionally 

includes the inherent 

RSB sustainability 

criteria. 

The certification 

system has been 

involved in 

certifying other 

products in Brazil, 

yet there haven't 

been any SAF 

projects certified 

in Brazil under 

this particular 

scheme. 

Bureau Vertias 

Certification, 

Control Union 
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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 including extra social and environmental sustainability criteria. This aligns with the specifications outlined in the 

regulation: on one side, the batches of CORSIA eligible fuel produced before January 1 2024, have 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 to batches 

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 country 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 regulation and the certification systems. 

 

Table 3-7 CORSIA certification systems attributes analysis [21-22] 

  CORSIA 
ISCC 

CORSIA 

RSB 

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       

Soil 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 offers a modality 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 areas, and 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 outlined in the RSB biofuel certification system. 

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

imposed specifically on agricultural residues (which includes the project's feedstock). It emphasizes that the òuse of 

residues may not occur at the expense 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 and appliedó [21].  

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 role 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 Hydrocarbons ð (ASTM D7566) 

ASTM D7566 stands as the established standard governing the technical certification of SAF (Sustainable Aviation 

Fuel). It assesses the technologies suitable for producing on-specification neat SAF under specific circumstances and 

characteristics, certifying them based on its defined requirements and circumstances. Therefore, this standard is the 

only option available for certifying the project under these international requirements [23]. 

3.5.3.4 Directive (EU) 2018/2001 ð (RED II): RFNBO regulation 

 

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

and implications imposed by RED II (Art. 25-30) described in chapter 4.1.5, certification systems that works under this 

regulation should be applied. At the 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 II for RFNBOs. 

Nevertheless, three certification system drafts have been identified that are 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 the CertifHy system 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 pre-certification process, assessing projects and their 

alignment with RED II regulations, aiming to address early-stage 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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Table 3-8 RED II Art. 25-30 (RFNBO) certification systems breakdown 

 

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 European 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 II guidelines for RFNBOs to be applicable in this market. Additionally, the minimum attribute requirements must 

also be included, covering the three 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 on available 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. Nonetheless, 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 outside 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 Brazilian bill of law regulating the production of low-carbon hydrogen 

 

The Brazilian Chamber bill of law sets out requirements and attributes to be met by producers of low-carbon 

hydrogen in Brazil, directly impacting the project and its design. This document under Senate analysis also proposes 

a 'Brazilian standard' to certify low-carbon hydrogen, which will oversee the verification of low-carbon 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 accountability, the production process stages covered by 

Elements / Certification 

systems 

Geographic 

scope 

Experience in Brazil (certified 

projects) 

Certification 

bodies/auditors  

in Brazil 

ISCC EU (extension of the 

scope to also RFNBOs and 

RCF) [16] 

Only EU 

The certification system has 

been involved in certifying 

other products in Brazil, yet 

there haven't been any SAF 

projects certified in Brazil 

under this particular schemes. 

Green Domus, IBD 

Certificações, SCS global, 

SGS, Control Union, Dekra, 

Bureau Beritas, Tuv 

Rheinald, TUV SUD 

REDcert EU (extension of 

the scope to also RFNBOs 

and RCF) [20] 

Only EU No 

Bureau Veritas, Contol 

Union Certifications, Dekra, 

DQS, SGS, Tuv Rheinald, 

TUV SUD 

CertifHy RFNBO [24] 

Only EU. They 

are starting one 

pilot outside EU 

(Omán) 

No 
TUV SUD and Bureau 

Veritas 
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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 manages to 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 that will be 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 and recommendations  

 

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 to prioritize 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 production and 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 systems. 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 certifications, potentially 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 crucial. This guarantees future SAF off-takers 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 coverage of additional 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 RED II for advanced 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 could again be advisable due to its regional presence, adaptability to various contexts, 

and the cross-cutting 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 recommendation 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 current market 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 and 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 potential 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 consumption of SAF.  

Throughout the information-gathering 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 also those 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.g., altering 

the final product, involving specific partners, or changing 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 understanding 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 compatibility with the analyzed project. 
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Table 3-9 Fundding opportunities mapped for the project [25-31]. 

Funding 

Opportunity 
Coverage 

Overall 

budget 
Project 

rate/budget 

Opening/ 

Closing 

dates 

Comments Mele applicability 

Innovation 

Fund [25] 

[25]  

Funding 

program 

supporting 

projects 

for the 

deployme

nt of net-

zero and 

innovative 

technologi

es, 

provided 

by the 

revenues 

of the EU 

Emissions 

Trading 

System. 

û40bn 

(2020-

2023) 

- 60% of 

eligible costs 

(regular grants) 

- 100% of 

eligible costs 

(competitive 

bidding) 

2022/2023 

The 

Innovation 

Fund 

focuses on 

highly 

innovative 

technologie

s and 

flagship 

projects 

within the 

European 

Union that 

can bring 

about 

significant 

emission 

reductions. 

Creating a 

partnership with 

bioSAF producer 

located in the EU 

would enable 

application to 

financial schemes 

published by the 

Innovation Fund.   

Horizon 

Europe 

Framework 

Programme 

(HORIZON ð 

CL5-2024-

D3) [26] [26] 

Developm

ent of 

smart 

concepts 

of 

integrated 

energy 

driven bio-

refineries 

for co-

production 

of 

advanced 

biofuels, 

bio-

chemicals, 

and 

biomateria

ls.  

û7 million - 

September 

2024  

to January 

2025 

The 

programme 

facilitates 

collaboratio

n and 

strengthens 

the impact 

of research 

and 

innovation 

in 

developing, 

supporting, 

and 

implementin

g EU 

policies 

while 

tackling 

global 

challenges. I

t supports 

knowledge 

and 

technologie

s. 

Applicants eligible 

for the program 

include EU and 

non-EU countries 

(Brazil not 

included). A 

partnership with 

bioSAF producer 

located in any of 

these countries 

would enable 

application to the 

funding. 
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Funding 

Opportunity 
Coverage 

Overall 

budget 
Project 

rate/budget 

Opening/ 

Closing 

dates 

Comments Mele applicability 

HER+ [27] 

[27] 

Innovation 

projects 

leading to 

CO◘ 

reduction 

by 2030. 

Only for 

technologi

es that are 

eligible 

under the 

SDE++. 

The 

purpose is 

to reduce 

the cost of 

these 

technologi

es further. 

û30 million 

for 

2023/2024 

round 

û6 million max 

per grant 

April 2023 

to August 

2023 for 

2023/2024 

round 

Combustion 

and 

gasification 

of biomass 

is an eligible 

source of 

renewable 

energy and 

qualifies 

under the 

HER+. 

Waste is not 

yet an 

eligible 

source 

under the 

SDE++, but 

this will likely 

change in 

2023/2024. 

The funding does 

not apply directly 

to the Mele 

project, but its 

purpose of 

reducing costs of 

technologies 

could 

economically 

affect the 

development of 

the project. 

TSE Industry 

Studied 

tender [28] 

[28] 

For 

feasibility 

or 

environme

ntal study 

of 

innovative 

pilot, 

industrial 

demonstra

tion 

project or 

fully 

develop 

technolog

y that help 

reduce 

CO2 

emission 

before 

2030.  

û20 million 

for 

2023/2024 

round 

û2 million max 

per project 

April 2023 / 

March 2024 

(for 

2023/2024 

round) 

Funding for 

3 types of 

studies: 

feasibility, 

environment

al and 

similar 

studies.  

6 programs 

lines 

available, 

including 

other CO2-

reducing 

measures 

and 

hydrogen 

and green 

chemistry. 

Requires a 

partnership, 

one of the 

companies 

must be 

able to 

apply the 

The funding is 

intended only for 

partnerships with 

at least 1 Dutch 

enterprise, thus a 

partnership with a 

Dutch company 

would enable the 

acquirement of 

the funding.  
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Funding 

Opportunity 
Coverage 

Overall 

budget 
Project 

rate/budget 

Opening/ 

Closing 

dates 

Comments Mele applicability 

results 

directly. 

DEI+: 

Hydrogen 

and Green 

chemistry 

[29]  

Subsidies 

for pilot 

projects, 

demonstra

tion 

projects 

including 

large-scale 

demonstra

tion and 

rollout of 

innovative 

technologi

es for 

sustainable 

hydrogen 

(projects 

must be 

new to the 

Netherlan

ds) and 

test and 

experimen

t 

infrastruct

ure. 

û40 million 

for 

2023/2024 

round 

û15 million max 

per project 

July 

2024/June 

2023 (for 

2023/2024 

round) 

Modality: 

First come 

first serve. 

3 program 

lines 

available: 

Production 

of 

hydrogen, 

Transport 

and storage 

of hydrogen 

carriers and 

use of 

hydrogen 

(carriers) 

and green 

electrons 

As the subsidy is 

issued by the 

Netherlands, a 

partnership with a 

Dutch company 

would enable the 

acquirement of 

the funding. 

Clean 

Aviation [30] 

[30] 

Programm

e driving 

the energy 

efficiency 

and the 

emissions 

reduction 

of future 

aircraft. 

Aimed to 

develop 

technologi

es and 

enablers, 

leverage 

essential 

EU 

Funding: 

û1.7bn 

 

Private 

Funding: 

>û2.4bn 

- 

2022: 1st call 

 

2023: 2nd 

call 

 

2025: Calls 

for 

expression 

of interest 

may be 

considered 

for 

demo prep/ 

build 

phase 

 

The initiative 

develops 

two 

programs 

(Clean 

Aviation 

Programm 

and Clean 

Sky 2), both 

aiming to  

drive the 

energy 

efficiency 

and the 

emissions 

reduction of 

The funding is not 

directly applicable 

to the project, but 

it will favour the 

development of 

Clean Aviation 

Fuels such as 

bioSAF, fostering 

this market and 

possible syncrude 

off-takers.  
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Funding 

Opportunity 
Coverage 

Overall 

budget 
Project 

rate/budget 

Opening/ 

Closing 

dates 

Comments Mele applicability 

knowledge 

and 

capabilities

, and de-

risk the 

identified 

technologi

es and 

solutions, 

where 

further 

maturation

, validation 

and 

demonstra

tion is 

required 

to 

maximise 

impact.  

2026-2027: 

Further calls 

future 

aircraft,  

developing 

cleaner air 

transport 

technologie

s.  

European 

Hydrogen 

Bank [31] [31] 

Plan to 

stimulate 

and 

support 

investment

s in 

renewable 

hydrogen 

production

. This 

initiative 

aims to 

accelerate 

investment 

and bridge 

the 

investment 

gap for the 

EU to 

reach 

REPowerE

U targets. 

The plan 

supports 

internation

al imports 

$800 

million 
- 

November 

2023: 1st 

pilot auction 

This 

initiative is 

aimed to 

reach 

targets of 

producing 

domestically 

10 million 

tonnes (mt) 

of 

renewable 

hydrogen 

by 2030, 

coupled 

with 10 mt 

of imports. 

As according to 

the funding, 

proposals must be 

related to projects 

located in the 

European 

Economic Area. A 

partnership with 

an off-taker 

located in the 

region would 

enable application 

for the funding. 

Nevertheless, the 

initiative is not 

operational yet, so 

further 

information 

should be 

available by the 

end of the year.  

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
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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 low-carbon hydrogen. This legislative project is in the 

process of review by the 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 incentives 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 low-carbon hydrogen, granting suspension of the 

Social Integration Program (PIS), Contribution for Social Security Financing (COFINS), PIS-Importation and COFINS-

Importation on the purchase or import of equipment related to hydrogen projects [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: 

¶ minimum percentage of use of goods and services of national origin in the production process. 

¶ minimum investment in research, development, and innovation. 

¶ maximum export percentage of the hydrogen produced. 

Companies operating in the production of biogas or biomethane for producing low-carbon hydrogen may be 

considered co-qualified [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 tax-related costs, consequently enhancing its financial viability. 

Leveraging these 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 those 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 certifications.  

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 chains based on biological raw materials, aligning with the objectives of this initiative [32]. 

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 

Funding 

Opportunity 
Coverage 

Overall 

budget 
Project 

rate/budget 

Opening/ 

Closing 

dates 

Comments Mele applicability 

into the 

EU. 
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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 off-taker of the syncrude set to produce SAF 

downstream in the supply chain (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 to these countries' potential as low-carbon H2 producers. 

In the first option, certain funding programsñprimarily originating from the Netherlandsñexclusively offer financial 

support to Dutch companies. Consequently, establishing a strategic alliance with some of these companies is believed 

to offer a potential alternative 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 becomes imperative to address these uncertainties. 

One strategic alternative for SAF production could be to explore partnerships with off-taker companies situated in 

countries with available financing schemes for SAF. By doing so, Mele could supply renewable feedstock, potentially 

rendering the entire project 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 the project 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 progresses in 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 low-impact environmental hydrogen projects. Being prepared to 

leverage these incentives 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 information to complement the final design of the final process in order to align with the 

exportation objectives and off-taker 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 assessment included 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 off-taker. 
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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 

recommendations based on Hinicioõs expertise on the subject. 

In the following section the main conclusions from each analysis of the present report are summarized: 

(I) ð 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 II for advanced 

biofuels must be met to be eligible for the European 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 II 

sustainability requirements, providing an opportunity for feedstock suppliers that can operate most of the 

fuel value chain next to renewable energy sources.  

3. To generate a carbon-neutral 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 effect in the Power-to-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 will contribute 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 a Fischer-Tropsch 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 the H2:CO ratio from the 

biomass-based syngas, a fraction of the final product could be labeled as RFNBO, provided that the RED II 

criteria regarding emissions and electricity generation for these fuels are complied. The obtention of RFNBO 

product could facilitate 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 monitoring the evolution of this law as it might impose a different 

emission calculation methodology or additional requirements that could affect the project. 

(II) ð 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 decision-making process on certifications can proceed. 
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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 II 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 schemes include 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 coverage aligning 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 biofuels due 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 ISCC RFNBO 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 direct contact 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 mandatory). 

The optimal strategy hinges on adaptability to regulatory changes and certification requirements, emphasizing 

flexibility, vigilance, and well-informed decision-making amidst evolving regulatory landscapes and market conditions. 

(III) ð 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 funding-providing 

countries, partnering with off-takers for syncrude production downstream (located in Europe), or considering 

SAF production in the USA or Australia despite less favorable conditions due to their potential as low-carbon 

H2 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 funding entities to address uncertainties. 

4. Exploring partnerships with off-takers 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 low-impact environmental hydrogen 

projects, representing a potential opportunity for Mele. Analyzing applicability and readiness to leverage 

these incentives upon their release will be crucial for maximizing their potential. 
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4 ANALYSIS OF THE SOCIO-ENVIRONMENTAL IMPLICATIONS AND REQUIREMENTS FOR 

SYSTEM REGULARITY 

 

CONSULTANTS: 

Valmir Augusto Detzel  

Matheus Morganti Baldim 

Marcelo Langer 

 

4.1 Contextualization 

This report deals with the "Analysis of Socio-environmental Implications - Requirements for the Regularity of the Rural 

Sanitation, Bioenergy, Biofuels and H2V Program - Green Fuels Paraná".  

 

This is the product developed by the specialized technical consultancy within the scope of the "DKTI - German-

Brazilian Technological Alliance - Action Line 2: Green Hydrogen - Building a Green Hydrogen Economy in Brazil - 

Technical, Political and Regulatory Framework" Project (Project). This project is the result of Brazil-Germany Bilateral 

Technical Cooperation, with the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) and Me-Le Biogás 

GmbH (Clients) as protagonists on the German side, and the Ministry of Mines and Energy and the Brazilian Energy 

Research Company on the Brazilian side. 

 

This document includes an analysis of the socio-environmental implications that the facilities linked to the Green Fuels 

Paraná 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 strategies to be applied in socio-environmental 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 Me-Le Biocombunstíveis GmbH and the actors 

involved in the studies, as well as other data and information collected during an on-site reconnaissance trip in the 

municipality of Toledo and the surrounding area in the state of Paraná.  

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. It also provides guidance 

for entrepreneurs on the best structural arrangements for environmental regularization and monitoring processes 

over time . 

 

The main objective of the analyses is to assess the socio-environmental 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 Fuels Paraná Program provides for the production of biogas and green hydrogen from the processing of 

animal waste from large-scale pig, poultry and fish farms established in the western region of the state of Paraná. 

  

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 liquid product 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 

Paraná. 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, 

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 electricity from wind and solar power plants with off-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 socio-environmental approach to the Program, in order to facilitate feasibility analyses and the definition of 

strategies for licensing with regulatory bodies, a non-formal division into two modules was established: 1) Primary 

Production Module comprising the animal farm enterprises, rural sanitation structures and biogas and biomethane 

production plant enterprises; and, 2) Syncrude (CnH2n) / Green Hydrogen (H2) Production Module, comprising the 

biogas transportation pipelines and the Syncrude production plant.  

 

In detail, the so-called Primary Production Module includes the following structures and activities:  

a. Agricultural production farms - these are predominantly small and medium-sized 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 farming. 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 soils, watercourses 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 pollution. Another 

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 farms, the stakeholders are 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. Farm sanitation - 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 underground using small trenches, which will 

follow routes predominantly along the right of way of rural roads, mostly in a layout favored by gravity, 

in order to facilitate the conduction of effluents without the use of motor power. However, there is 

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 to 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 automation system. 

c. Biogas production units - these are industrial units for producing biogas and biomethane and, in some 

units, also equipped with a system for post-processing the manure used in the biodigester to prepare 

fertilizers in a composting system. The plants will be production units established 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 energy-generating module, for production to feed the farms 

or to be sold into the national energy system. The compost and post-processed 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 this Primary Production Module in principle 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 municipalities 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 so-called Syncrude Production Module (CnH2n) - 

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 (CnH2n) - Green Hydrogen (H2). 

These will consist of metal pipes and accessory structures (registers, inspection 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.  

¶  

b. 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 the Fischer Tropsch 

method, the chemical/industrial addition process will result in a liquid called Syncrude (CnH2 n) 

containing Hydrogen (H2 ) 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 exclusively (off grid), 

since for Green Hydrogen certification, energy obtained from the national system (on grid) 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 transportation 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 supply of electricity needed to run the industrial unit. 

In Figure 4-1 below 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 4-1 Graphical representation of the production modules planned for the Rural Sanitation, Bioenergy, Biofuels 

and H2V - Green Fuels Paraná 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 Paraná, 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 Program that may have a potential direct impact on the Paraná River basin, or even on basins bordering the 

territory of Paraná with other states of the federation, may have to comply with federal licensing requirements 

established by IBAMA. The requirement for federal 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 socio-environmental issues directly related to 

the licensing, monitoring and regularity regulations of the projects that are part of the Program. In other words, the 

analyses developed/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 projections on 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 to climate 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 the system, 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 are presented, 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 socio-environmental regularity of the project. The aim is to clarify the main elements 

of the legal framework of the Green Fuels Paraná 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 (for 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 Paraná 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 that "the 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 of the community." 

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 Constitution, 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. 

 

Table 4-1 Summary of environmental legal aspects at federal level related to the project. 

LEGISLATION DESCRIPTION 

Law No. 5.197, of 

January 3, 1967  

Provides for the protection of fauna and other measures. 

Law No. 6.938, of August 

31, 1981  

Provides for the National Environmental Policy, its purposes and mechanisms of 

formulation and application, and makes other provisions. 

Law No. 9.433, of 

January 8, 1997  

Establishes the National Water Resources Policy, creates the National Water 

Resources Management System, regulates item XIX of art. 21 of the Federal 

Constitution, and amends art. 1 of Law No. 8,001, of March 13, 1990, which 

amended Law No. 7,990, of December 28, 1989. 

Federal Law No. 

9.605/1998 

Provides for criminal and administrative sanctions arising from conduct and 

activities harmful to the environment, and makes other provisions. 

Law No. 9.795 of April 

27, 1999  

Provides for environmental education, institutes the National Environmental 

Education Policy and makes other provisions. 

Federal Law No. 

12.187/2009 

Establishes the National Policy on Climate Change - PNMC and makes other 

provisions. 

Federal Law No. 

10.257/2001 

Regulates articles 182 and 183 of the Federal Constitution, establishes general 

guidelines for urban policy and makes other provisions. (City Statute) 

Law No. 12.651, of May 

25, 2012.  

Provides for the protection of native vegetation; amends Laws Nos. 6.938, of 

August 31, 1981, 9.393, of December 19, 1996, and 11.428, of December 22, 2006; 

repeals Laws Nos. 4.771, of September 15, 1965, and 7.754, of April 14, 1989, and 

Provisional Measure No. 2.166-67, of August 24, 2001; and makes other 

provisions. 

Law No. 14.119, of 

January 13, 2021  

Establishes the National Policy for Payment for Environmental Services; and 

amends Laws No. 8.212, of July 24, 1991, 8.629, of February 25, 1993, and 6.015, 

of December 31, 1973, to adapt them to the new policy. 

Law No. 11.445 of 

January 5, 2007  

Establishes national guidelines for basic sanitation; amends Laws Nos. 6.766, of 

December 19, 1979, 8.036, of May 11, 1990, 8.666, of June 21, 1993, 8.987, of 

February 13, 1995; repeals Law No. 6.528, of May 11, 1978; and makes other 

provisions. 

Law No. 12.305 of 

August 2, 2010  

Establishes the National Solid Waste Policy; amends Law No. 9.605, of February 

12, 1998; and makes other provisions 

Decree 7.830, of 

October 17, 2012  

Provides for the Rural Environmental Registry System, the Rural Environmental 

Registry, establishes general rules for the Environmental Regularization 

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 impact 

assessment 

CONAMA Resolution 

No. 002/1994 

Defines primary vegetation formations and successional stages of secondary 

vegetation, in order to guide licensing procedures for the exploitation of native 

vegetation in Paraná. 

CONAMA Resolution 

No. 005/1988 

Provides for the licensing of basic sanitation works 

CONAMA Resolution 

No. 006/1986 

Provides for the approval of models for the publication of license applications 

CONAMA Resolution 

No. 237/1997 

Regulates the aspects of environmental licensing established in the National 

Environmental Policy 

CONAMA Resolution 

No. 281/2001  

Provides for publication models for license applications 

CONAMA Resolution 

No. 357/2005 

Provides for the classification of bodies of water and environmental guidelines 

for their classification, as well as establishing conditions and standards for the 

discharge of effluents, and other measures 

CONAMA Resolution 

No. 377/2006.  

Provides for simplified environmental licensing of Sanitary Sewage Systems. 

CONAMA Resolution 

No. 397/2008 

Amends item II of § 4 and Table X of § 5, both of art. 34 of Resolution No. 357 

of the National Environment Council (CONAMA) of 2005, which provides for the 

classification of bodies of water and environmental guidelines for their 

classification, as well as establishing the conditions and standards for 

discharging effluents. 

CONAMA Resolution 

No. 410/2009 

Extends the deadline for supplementing the conditions and standards for 

effluent discharge, provided for in Article 44 of Resolution No. 357, of March 17, 

2005, and in Article 3 of Resolution No. 397, of April 3, 2008. Extends the 

deadline for supplementing the conditions and standards for effluent discharge, 

provided for in Article 44 of Resolution No. 357, of March 17, 2005, and in Article 

3 of Resolution No. 397, of April 3, 2008. 

CONAMA Resolution 

No. 428/2010 

Provides, within the scope of environmental licensing, for the authorization of 

the body responsible for the administration of the Conservation Unit (CU), 

referred to in § 3 of article 36 of Law No. 9.985 of July 18, 2000, as well as for 

the science of the body responsible for the administration of the CU in the case 

of environmental licensing of projects not subject to EIA-RIMA and makes other 

provisions 

CONAMA Resolution 

No. 430/2011 

Provides for effluent discharge conditions and standards, complements and 

amends Resolution No. 357 of March 17, 2005, of the National Environment 

Council - CONAMA. 

CONAMA Resolution 

No. 498/2020.  

Defines criteria and procedures for the production and application of biosolids 

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 Brazil, 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 (ANA), 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 (IBAMA), the guidelines 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 Paraná basically follows federal legislation on environmental protection and the inclusion 

of projects in its territory. The main legal provisions are listed in Table 4-2. 

 

Table 4-2 

LEGISLATION DESCRIPTION 

Law 21052 - May 23, 

2022 

It establishes guidelines and criteria for the licensing, implementation, operation 

and closure of sanitary and industrial landfills and for waste management, 

including the activities of transport, collection, storage, treatment and destination 

and final disposal of waste, with a view to controlling pollution, contamination and 

minimizing their environmental impacts. 

Law 21454 - May 3, 

2023 

Provides for parameters to encourage the use of renewable hydrogen in the state 

of Paraná. 

Decree 11300 - June 3, 

2022 

Establishes the Paraná State Environmental Education Program and makes other 

provisions. 

Law 20929 - 

December 17, 2021 

Makes environmental compensation mandatory for projects that generate 

negative environmental impact that cannot be mitigated, within the scope of the 

state of Paraná. 

Law 20607- June 10, 

2021 

Provides for the Paraná State Solid Waste Plan and other measures. 

Law no. 19500 - May 

21, 2018 

Provides for the State Biogas and Biomethane Policy and adopts other measures. 

Law no. 19261 - 

December 07, 2017 

Creates the State Solid Waste Program Paraná Resíduos to comply with the 

guidelines of the National Solid Waste Policy in the State of Paraná and makes 

other provisions. 

Law no. 18295 - 

November 10, 2014 

Establishment, under the terms of Article 24 of the Federal Constitution, of the 

Environmental Regularization Program for rural properties, created by Federal 

Law No. 12,651, of May 25, 2012. 
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LEGISLATION DESCRIPTION 

Law No. 17279 of 

August 1, 2012 

Establishes the State Technical Register of Activities that Potentially Pollute or Use 

Natural Resources, part of SISNAMA, as well as the Environmental Inspection 

Control Fee. 

Law 17134, April 25, 

2012 

Establishes the Payment for Environmental Services, especially those provided by 

Biodiversity Conservation, which is part of the Bioclima Paraná Program, and 

provides for Biocredit. 

LAW No. 16.346 - 

December 18, 2009 

Provides for the obligation of potentially polluting companies to hire an 

environmental technician. 

Decree no. 3148 - 

15/06/2004 

Establishes the state policy for the protection of native fauna, its principles, targets, 

objectives and enforcement mechanisms, defines the state system for the 

protection of native fauna - SISFAUNA, creates the state council for the protection 

of fauna - CONFAUNA, implements the state network for the protection of native 

fauna - REDE PRÓ-FAUNA and makes other provisions. 

Law no. 13806 - 

30/09/2002 

Provides for activities related to air pollution control, standards and air quality 

management, as specified, and adopts other measures. 

Decree 4646 - 

31/08/2001 

Provides for the granting of rights to use water resources and adopts other 

measures. 

Law No. 12726 - 

26/11/1999 

Establishes the state water resources policy and adopts other measures. 

Law no. 10.066 - 

27/07/92 

Creates the Secretary of State for the Environment - SEMA, the autonomous entity 

Environmental Institute of Paraná - IAP and adopts other measures. 

Law no. 19500 - May 

21, 2018 

Provides for the State Biogas and Biomethane Policy and adopts other measures. 

Law 20435- December 

17, 2020 

Establishes the Paraná Rural Renewable Energy Program and makes other 

provisions. 

Decree 7872 - June 9, 

2021 

Regulates Law 20.435, of December 18, 2020, which established the Paraná Rural 

Renewable Energy Program and limited the special discount referred to in Law 

19.812, of February 6, 2019. 

CEMA Resolution 110 - 

May 04, 2021 

Establishing criteria, procedures and typologies for activities, undertakings 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 State 

of Paraná. 

CEMA Resolution 107 - 

September 9, 2020 

Provides for environmental licensing, establishes criteria and procedures to be 

adopted for activities that pollute, degrade and/or modify the environment and 

adopts other measures. 

CEMA Resolution No. 

088 - August 27, 2013 

Establishes criteria, procedures and typologies for municipal environmental 

licensing of activities, works and undertakings that cause or may cause local 

impact and determines other measures. 

CEMA Resolution no. 

081 - October 16, 2010 

Provides for Ecotoxicity Criteria and Standards for the Control of Liquid Effluents 

discharged into surface waters in the State of Paraná. 
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LEGISLATION DESCRIPTION 

CEMA Resolution No. 

070 - October 1, 2009 

Provides for environmental licensing, establishes conditions and criteria and 

makes other provisions, for Industrial Enterprises. 

SEMA Resolution No. 

051 - October 23, 2009 

Exemption from State Environmental Licensing and/or Authorization for small 

enterprises and activities with low environmental impact. 

SEMA Resolution No. 

021 - of April 22, 2009 

Provides for environmental licensing, establishes environmental conditions and 

standards and other measures for sanitation projects. 

SEDEST Resolution 32 

- June 3, 2022 

Establishes procedures for the integration of environmental licensing and granting 

procedures for the use of water resources in Paraná. 

SEDEST Resolution 15 - 

March 5, 2020 

Establishes conditions and criteria, and adopts other measures, for the 

environmental licensing of pig farming enterprises in the state of Paraná. 

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 licensing 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 these cases, 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 and technical 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 the project 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 objects. 

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 socio-environmental approaches of the Green Fuels Paraná Program, 

it is important to establish a conceptual basis on the subject, exploring the minimum requirements applicable to the 

licensing, monitoring and environmental 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 on society.  

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 impact potential 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 socio-environmental 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 socio-environmental studies, with a very complex decision-making 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 107/2020, Environmental Authorization is 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, registrations, plans, 

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 100m² 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 telecommunications 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. The Forestry Authorization - AF is 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 accommodate replacement 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 Products - AUMPF 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 to comply 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 Commitment - LAC, the criteria for which are established in 

SEDEST Resolution no. 27/2021, under 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 of the Simplified Environmental License 

(Licença Ambiental Simplificada - LAS) 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 environmental viability 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 (THREE-PHASE) 

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 available 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 guide the 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 environmental agency, which may be: Simplified Environmental Study - 

EAS, Simplified Environmental Report - RAS, Preliminary Environmental Report - RAP; Environmental Control Plan - 

PCA, Neighborhood Impact Study - EIV, Environmental Impact Study - EIA, Environmental Impact 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 relation 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 location 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 area and 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 essential 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 socio-environmental 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 implemented 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 also to 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 inherent 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 complied 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 built. Its primary 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 and compensation 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 assessments are carried out to verify ongoing compliance with the conditions and renewal is 

subject to continued compliance with environmental standards. 

4.4.5 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 ensure 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 4-2 below shows the different types of authorizations by type of source and use. 

 

 

 
Figure 4-2 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 the definition 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: 

¶ 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 individual catchments 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. 
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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 already have 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. Therefore, 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 Paraná.  

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 environmental 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), a self-declaratory instrument that 

determines regularity under the Brazilian Forest Code. There is also the self-declaratory registration with IBAMA for 

enterprises, and the Environmental Declaratory Act - ADA corresponds to the registration with the federal 

management body of rural properties that contain areas of 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 environmental 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 instruments designed 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 usually require 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 registrations 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 the 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 of projects 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 is determined 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 III: 

¶ III - define the limits of the geographical 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 proposing 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 (AII). In addition, the definition of the polygonal boundaries of these areas is 

subject to studies of the 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. 

¶ Directly Affected Area (ADA): refers 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 such as parking lots, accesses, domain strips 

for pipelines and power lines, fences, various structures. 

¶ Area of Direct Influence (AID): corresponds 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 (implementation, operation and decommissioning 

of a given project) and effect (impacts). 

¶ Area of Indirect Influence (AII): corresponds 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 susceptibilities 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 project, 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 the quantity, 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: 

¶ 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. 

¶ 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. 

¶ 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. 

¶ 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 acceptable environmental impact limits. 

 

4.5 Licensing arrangements applicable to the Green Fuels Paraná Program 

 

This chapter presents the arrangements and requirements applicable to environmental licensing for the various 

projects that are part of the Green Fuels Paraná 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 by Me-Le in 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 Module, involving livestock farms and biogas production units, and the Syncrude 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/degrading 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 environmental 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 Resolution, the 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 studies to be 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 an environmental 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, will define 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 dangerous technologies, 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 in 4.3. 
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Figure 4-3 Demonstration of the licensing arrangements for the Green Fuels Paraná Program. Source: Author's 

elaboration, 2023. 

 

Considering the above arrangement, the licensing processes should be organized as follows, in terms of legal 

responsibility:  

¶ 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 autonomous licensing 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, depending on the size 

of the farms.  

¶ Biogas, Biomethane and Composting Plants - In 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 some activities 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 License. Surface and underground water use licenses are 

required (applicable to the artesian wells that the project must contain). 

¶ 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 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 License. 

Surface and underground water use licenses are required (applicable to the artesian wells that the project 

must contain). 

 

4.5.1 Potential socio-environmental impacts linked to the Green Fuels Paraná 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 to indicate 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 to 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 planning, implementation 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, mitigating 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, changes can 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 increase 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 operations, hiring 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 establishments 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 4-3, Table 4-4 e Table 4-5 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.  

 

Table 4-3 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 
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Appraisals, measurements 

and surveys 

Changes to the ground due to the movement of 

equipment and people 
 n   

Official implementation of the 

project 

Changes in the real estate market, generating 

expectations and uncertainties 
 n   

Preparing accesses to farm 

areas 

Changes in the soil, generation of particulates, 

particle transport 
NA - - - 

Vegetation suppression in 

implementation areas 

Reduction of vegetation cover, impacts on fauna, 

loss of habitats and disturbance of fauna 
NA - - - 

Soil movement, earthworks 

and containment 

Landscape change.  NA - - - 

Soil movement, earthworks 

and containment 

Changes to the soil, generation of particulates, 

siltation of watercourses 
  n  

Soil movement, earthworks 

and containment 

Changes in air quality and sound pressure.   n  

Soil movement, earthworks 

and containment 

Risk of altering archaeological or historical/cultural 

sites, altering speleological heritage.  
NA - - - 

Noise and vibration emissions Interference with the behavior of some species of 

fauna 
    

Construction site assembly, 

operation and dismantling 

Changes in sound quality, generation of sanitary 

waste, generation of solid waste, risks of accidents 
  n  
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GRENADES 

 

ACTIONS/ACTIVITIES 

 

POTENTIAL IMPACTS 
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Fueling vehicles and 

machinery 

Risk of accidents and oil and flammable spills NA - - - 

Crane and heavy machinery 

operations 

Changes in sound quality, risks of accidents, 

changes in the soil, generation of smoke and gases 
NA - - - 

Hiring labor Changes in the local and regional market related 

to employment and income 
  n  

Hiring labor Hunting Activities   n  

Building construction Changes in sound quality, risks of accidents, 

changes in the soil, changes in the services market 
  n  

Waterproofing areas Soil sealing, concentration of rainwater flows   n n 

Movement of heavy vehicles Changes in sound quality, smoke and gas 

production, accident risks, changes in regional 

traffic intensity 

NA - - - 

Water consumption Change in the supply market, impacts on effluent 

production 
   n 

Electricity consumption Change in the energy market, change in the supply 

network  
   n 

Special solid, liquid and 

gaseous cargo handling 

Changes in traffic intensity, risk of accidents with 

special loads 
   n 

Solid waste production Impacts on the recycling market and the market for 

the supply of specialized services 
   n 

Production of liquid effluents Impacts on the market for specialized services, risk 

of accidents with dangerous cargo, changes in the 

water regime 

   n 

Production of gaseous 

emissions 

Changes in air quality    n 

Hiring specialized labor Change in the regional employment and income 

market, change in the real estate market 
NA - - - 

Animal production Changes in municipal revenue, changes in the 

market for the supply of inputs and services 
NA - - - 

Administrative production Changes in the local and regional market for 

permanent and consumable services and 

materials, changes in local and regional trade 

NA - - - 
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GRENADES 

 

ACTIONS/ACTIVITIES 

 

POTENTIAL IMPACTS 
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Tax collection Changes in municipal and state revenue, changes 

in the market for the supply of inputs and services 
NA - - - 

Running over and killing wild 

animals 

Risks of traffic accidents NA - - - 

Power plant operation Risks of electric shock accidents NA - - - 

Maintenance of the 

company's equipment 

Solid waste generation - electrical and electronic 

materials 
NA - - - 

Legend: NA - Not Applicable. Source: Author's elaboration, 2023. 

 

Table 4-4 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 

 

POTENTIAL IMPACTS 
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P
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Appraisals, measurements 

and surveys 

Changes in the soil due to the movement of 

equipment and people 
 n   

Official implementation of the 

Biogas Plant and Manure 

Pipes project 

Changes in the real estate market, generating 

expectations and uncertainties 
 n   

Preparing accesses to pipe 

areas and biogas plants 

Changes in the soil, generation of particulates, 

particle transport 
 n n  

Vegetation suppression in 

implementation areas 

Reduction of vegetation cover, impacts on fauna, 

loss of habitats and disturbance of fauna 
 n n  

Soil handling, earthworks and 

containment 

Landscape change.    n n 

Soil handling, earthworks and 

containment 

Changes to the soil, generation of particulates, 

siltation of watercourses 
  n  
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MANURE PIPES AND BIOGAS PLANTS 

 

ACTIONS/ACTIVITIES 

 

POTENTIAL IMPACTS 
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Soil handling, earthworks and 

containment 

Changes in air quality and sound pressure.   n  

Soil handling, earthworks and 

containment 

Risk of altering archaeological or historical/cultural 

sites, altering speleological heritage.  
  n  

Noise and vibration emissions Interference with the behavior of some species of 

fauna 
  n n 

Construction site assembly, 

operation and dismantling 

Changes in sound quality, generation of sanitary 

waste, generation of solid waste, risks of accidents 
  n  

Fueling vehicles and 

machinery 

Risk of accidents and oil and flammable spills   n  

Crane and heavy machinery 

operations 

Changes in sound quality, risks of accidents, 

changes in the soil, generation of smoke and gases 
  n  

Hiring labor Changes in the local and regional market related 

to employment and income 
  n  

Hiring labor Hunting Activities   n  

Building construction Changes in sound quality, risks of accidents, 

changes in the soil, changes in the services market 
  n  

Waterproofing areas Soil sealing, concentration of rainwater flows   n n 

Movement of heavy vehicles Changes in sound quality, smoke and gas 

production, accident risks, changes in regional 

traffic intensity 

  n n 

Water consumption Alterations to supply sources, impacts related to 

effluent production 
  n n 

Electricity consumption Change in the energy market, change in the supply 

network  
  n n 

Special solid, liquid and 

gaseous cargo handling 

Changes in traffic intensity, risk of accidents with 

special loads 
  n n 

Solid waste production Impacts on the recycling market and the market for 

the supply of specialized services 
  n n 

Production of liquid effluents Impacts on the market for specialized services, risk 

of accidents with dangerous cargo, changes in the 

water regime 

  n n 
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MANURE PIPES AND BIOGAS PLANTS 

 

ACTIONS/ACTIVITIES 

 

POTENTIAL IMPACTS 
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Production of gaseous 

emissions 

Changes in air quality   n n 

Hiring specialized labor Change in the regional employment and income 

market, change in the real estate market 
   n 

Biogas and electricity 

production 

Changes in municipal revenue, changes in the 

market for the supply of inputs and services 
   n 

Waste treatment and disposal  Changes in soil quality and water resources    n 

Administrative production Changes in the local and regional market for 

permanent and consumable services and 

materials, changes in local and regional trade 

   n 

Tax collection Changes in municipal and state revenue, changes 

in the market for the supply of inputs and services 
   n 

Running over and killing wild 

animals 

Risks of traffic accidents    n 

Legend: NA - Not Applicable. Source: Author's elaboration, 2023. 

 

Table 4-5  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 

 

POTENTIAL IMPACTS 
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Appraisals, measurements 

and surveys 

Changes in the soil due to the movement of 

equipment and people 
 n   

Official implementation of the 

Syncrude and Pipeline Unit 

project 

Changes in the real estate market, generating 

expectations and uncertainties 
 n   

Preparing accesses to the gas 

pipeline and syncrude unit 

areas 

Changes in the soil, generation of particulates, 

particle transport 
 n n  
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BIOGAS PIPES AND SYNCRUDE PLANT 

Vegetation suppression in 

implementation areas 

Reduction of vegetation cover, impacts on fauna, 

loss of habitats and disturbance of fauna 
 n n  

Soil movement, earthworks 

and containment 

Landscape change.    n n 

Soil movement, earthworks 

and containment 

Changes to the soil, generation of particulates, 

siltation of watercourses 
  n  

Soil handling, earthworks and 

containment 

Changes in air quality and sound pressure.   n  

Soil handling, earthworks and 

containment 

Risk of altering archaeological or historical/cultural 

sites, altering speleological heritage.  
  n  

Noise and vibration emissions Interference with the behavior of some species of 

fauna 
  n n 

Construction site assembly, 

operation and dismantling 

Changes in sound quality, generation of sanitary 

waste, generation of solid waste, risks of accidents 
  n  

Fueling vehicles and 

machinery 

Risk of accidents and oil and flammable spills   n  

Crane and heavy machinery 

operations 

Changes in sound quality, risks of accidents, 

changes in the soil, generation of smoke and gases 
  n  

Hiring labor Changes in the local and regional market related 

to employment and income 
  n  

Hiring labor Hunting Activities   n  

Building construction Changes in sound quality, risks of accidents, 

changes in the soil, changes in the services market 
  n  

Waterproofing areas Soil sealing, concentration of rainwater flows   n n 

Movement of heavy vehicles Changes in sound quality, smoke and gas 

production, accident risks, changes in regional 

traffic intensity 

  n n 

Water consumption Alterations to supply sources, impacts related to 

the production of effluents 
  n n 

Electricity consumption Change in the energy market, change in the supply 

network  
  n n 

Special solid, liquid and 

gaseous cargo handling 

Changes in traffic intensity, risk of accidents with 

special loads 
  n n 

Solid waste production Impacts on the recycling market and the market for 

the supply of specialized services 
  n n 

Production of liquid effluents Impacts on the market for specialized services, risk 

of accidents with dangerous cargo, changes in the 

water regime 

  n n 
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BIOGAS PIPES AND SYNCRUDE PLANT 

Production of gaseous 

emissions 

Changes in air quality   n n 

Hiring specialized labor Change in the regional employment and income 

market, change in the real estate market 
   n 

Industrial production of 

syncrude 

Changes in municipal revenue, changes in the 

market for the supply of inputs and services 
   n 

Biogas treatment and disposal Changes in the quality of air, soil and water 

resources 
   n 

Administrative production Changes in the local and regional market for 

permanent and consumable services and 

materials, changes in local and regional trade 

   n 

Tax collection Changes in municipal and state revenue, changes 

in the market for the supply of inputs and services 
   n 

Running over and killing wild 

animals 

Risks of traffic accidents    n 

Legend: NA - Not Applicable. Source: Author'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 the farms must be regularized in terms of socio-environmental aspects, by means 

of an Environmental License issued by the state regulatory body Instituto Água e Terra - IAT 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 three-phase 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 implementation 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 environmental 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 Paraná 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 have integrated 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 network 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. Therefore, 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 for new 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 enterprise. 

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 entrepreneur 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 environmental 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 by the implementation 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, earthworks, 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 minimize these adverse effects. For example, environmental restoration of affected 

areas, the use of less impacting technologies or even the development of socio-environmental 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 and 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 of Biogas 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 dozens of 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 generators based 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 transporting potentially contaminating material by road (waste and compost), Biogas Plants should 

be subject to Full Environmental Licensing.  

4.5.3.1 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 planned 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 not allow 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, resulting in 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/locational 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 geographical 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 project is only for generation above 10MW. As there are no plans for plants above this 

capacity, they can be licensed with a RAP, or another similar study of equal 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 requirement for 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 corroborate 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, it can 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 large-scale projects or those with a potentially significant environmental impact. Even though 

the pipelines represent a relatively 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, representing 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 also evaluating 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 socio-economic aspects. As already described, this delimitation 

is essential for 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 socio-economic aspects of the areas of influence. This assessment should provide crucial 

information on the current state 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 environmental risks and impacts that the project could generate, from changes in air and soil quality to 

possible effects on biodiversity and the local socio-economy. 

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 range 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 meet legal 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 clear and 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 tool for promoting public participation and transparency in 

decisions on projects that can influence the environment. 

Finally, holding a public hearing is 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 purpose of 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 necessary to cut or suppress native vegetation, the license can only be 

issued accompanied by the 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 accurate 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 forest 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 professional 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 projects 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 requirements, as 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 the project. 

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 supervise execution, 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 plan. 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 and its 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.  

4.5.3.3 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. This includes 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 sustainable 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 environmental recovery 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 regard 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 established in the analysis.  

4.5.4.1 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 an EIA/RIMA, with the appropriate public hearing. 

The same technical-administrative 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 included 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 significant 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 degradation, 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/RIMA. The 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 adverse situations that may arise during the 

execution of the project, enabling the implementation of appropriate preventive and control measures. 

This study requires a comprehensive analysis of the geological, hydrological, biological and socio-economic 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 activities. 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 Characterization Report, in accordance with CONAMA Resolution 02/1994, in the licensing 

process itself, as part of the EIA/RIMA. 

4.5.4.2 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 for the 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 entrepreneur to 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 a PCA, 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 responsibilities. Qualified and 

technically qualified professionals must prepare this study and 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 and its 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 option 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.  

4.5.4.3 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, emissions 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 environmental recovery reports, signed by the technicians responsible. 

4.5.5 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 farms and in 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 noted 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 capacity 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 characteristics 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 Responsibility (ART) 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, accompanied by an ART issued by a qualified professional. 

4.5.6 Environmental Compliance Matrix of the Green Fuels Paraná Program 

A general matrix on the Program's regularity is shown below in Table 4-6. 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 overview of the steps and requirements for environmental licensing in different 

contexts. 

Table 4-6 Guidance matrix for the project's environmental licensing process, considering the different viable 

arrangements for the process. 

ARRANGEMENT LICENSING 

INSTRUMENTS 

ENVIRONMENTAL 

REQUIREMENTS 

INSTANCES 

INVOLVED 

REMARKS 

1 GRENADES Renewal of LAS or LO ¶ RAP IAT 

Rural Producers 
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ARRANGEMENT LICENSING 

INSTRUMENTS 

ENVIRONMENTAL 

REQUIREMENTS 

INSTANCES 

INVOLVED 

REMARKS 

Cooperatives 

2 WASTE DUCTS Environmental 

Authorization 

¶ EIA/RIMA 

¶ Flora 

Characterization 

Report  

¶ PCA 

IAT  

BIOGAS PLANTS LP ¶ RAP 

¶ Flora 

Characterization 

Report 

IAT 

IPHAN 

City Hall 

 

LI ¶ PCA 

¶ Compliance with 

the LP 

IAT 

IPHAN 

City Hall 

Sequential 

instrument after 

LP 

LO ¶ Compliance with 

the LI 

IAT 

IPHAN 

City Hall 

IBAMA 

Federal Police * 

Ministry of 

Defense * 

Sequential 

instrument after 

LI 

Water allocation 

(surface) 

¶ Application 

¶ Hydrogeological 

study 

IAT 

ANA ** 

If necessary 

Water allocation 

(underground) 

¶ Application 

¶ Hydrogeological 

study 

¶ Well Executive 

Project 

IAT 

ANA ** 

If necessary 

Effluent licensing ¶ Application 

¶ Hydrogeological 

study 

¶ ETE project 

IAT 

ANA ** 

 

3 BIOGAS PIPES Environmental 

Authorization 

¶ EIA/RIMA 

¶ Characterization of 

the Flora 

¶ Risk Analysis 

¶ PCA 

IAT  
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ARRANGEMENT LICENSING 

INSTRUMENTS 

ENVIRONMENTAL 

REQUIREMENTS 

INSTANCES 

INVOLVED 

REMARKS 

SYNCRUDE 

PLANT 

LP ¶ EIA/RIMA 

¶ Risk Analysis 

¶ Flora 

Characterization 

Report 

IAT 

IPHAN 

City Hall 

 

LI ¶ PCA 

¶ Compliance with 

the LP 

IAT 

IPHAN 

City Hall 

Sequential 

instrument after 

LP 

LO ¶ Compliance with 

the LI 

IAT 

IPHAN 

City Hall 

IBAMA 

Federal Police * 

Ministry of 

Defense * 

Sequential 

instrument after 

LI 

Water allocation 

(surface) 

¶ Application 

¶ Hydrogeological 

study 

IAT 

ANA ** 

If necessary 

Water allocation 

(underground) 

¶ Application 

¶ Hydrogeological 

study 

¶ Well Project 

IAT 

ANA ** 

If necessary 

Effluent licensing ¶ Application 

¶ Hydrogeological 

study 

¶ ETE project 

IAT 

ANA ** 

 

* if restricted products are handled ** if federal water resources are used  

Source: Author's elaboration, 2023. 

4.6 Benchmark Assessments of Greenhouse Gas Emissions in the Green Fuels Paraná 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) established 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 Brazil to act and develop programs to combat climate change or carbon programs in joint 

actions and public-private 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 H2V - Green Fuels Paraná Program is planned to be implemented in 

eighteen municipalities in the west of Paraná, with the city of Toledo as the main hub, and therefore has the potential 

to involve a wide range of social actors, such as the government, academia, private companies and rural producers. 

The Green Fuels Paraná Program aims to present new technologies for the disposal and treatment of organic animal 

waste, with socio-environmental and economic additionalities for rural producers and the local, state and national 

economy. These new technologies have a high potential for reducing local and regional environmental pollution, as 

well as reducing the effects and socio-economic damage linked to the processing of this waste throughout its life 

cycle, from the cradle (generation) to the grave (final disposal on the farm).  

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 contaminating particulate matter; the production of liquid or semi-solid waste with high 

nitrogen and phosphorus loads; production of socio-economically important pests for the development of 

agricultural and urban activities, animal and human diseases, environmental stress 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 anaerobic lagoons 

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 socio-economic horizon 

to be explored with the expansion 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 technologies 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 management of poultry litter, reducing animal mortality due to improved production 

environments, reducing the risk of contamination of soil and water resources, the human well-being of rural 

producers and the communities and societies around them, and the increase in income for the recovery of the 

capacity and economic empowerment of rural producers and their farming families.  

The Green Fuels Paraná Program, in addition to its objective of transforming waste management techniques, has the 

potential to promote improvements in the well-being of rural producers, their properties and animal production 

processes. These benefits will be brought about by 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 from the provision 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 socio-environmental benefits listed above, this chapter presents reference calculations of the 

greenhouse gas (GHG) emissions avoided in the atmosphere as a result of the implementation of the Green Fuels 

Paraná 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 conventional (business as usual) waste 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 socio-environmental improvements in local 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 present 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 international NDCs. 

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 registration with one of the international CDM, VERRA or Gold Standard schemes. These certify 

methodological compliance through due diligence analysis, baseline validation, field audits and verification of the 

processes, values and results presented in the project documents. 

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 sequestering 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 Paraná 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 low-carbon energy source 

products that can replace high-carbon 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 the Green Fuels Paraná Program. Therefore, 

the analyses carried out were based on secondary data obtained directly from the entrepreneurs (Me-Le) and 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 Paraná and Santa Catarina and 

registered on the VERRA platform - 4925 https://registry.verra.org/app/projectDetail/VCS/4925, considering primary 

data on emissions from pig and cattle production. 

The following methodologies were used to construct methane emission baselines from animal waste treatment 

lagoons:  

¶ AMS-III.Y - Small-scale methodology - Methane avoidance through separation of solids from 

wastewater or manure treatment systems; e,  

¶ AMS-III.I - 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 cross-referenced with data sources from AMAR SUSTAINABILIDADE for pig and cattle farming, using the AMS-

III.Y methodology - Small-scale methodology - Methane avoidance through separation of solids from wastewater or 

manure treatment systems. 

In accordance with the AMS.III-Y methodology (version 04), the emissions generated in the conventional system for 

treating animal waste in anaerobic lagoons were calculated using the following calculation methods, according to 

the equations below. 

ὄὉώ = ὟὊὦ × ( ὗώ ,, × ὅὕὈώ , Ὥὲ  - ὗώ , ύύ , έόὸ × ὅὕὈώ 4/1000 ( Equation 1 ) 

Where: 

ὟὊὦ  =  Model correction factor to take into account model uncertainties (0.89)8 

ὗώ ,,  =  Volume of wastewater entering the solids separation device in year y (m³ )  

ὅὕὈώ , Ὥὲ  =  Chemical oxygen demand of the wastewater entering the solids separation device (kg/m³ ) 

ὗώ ,,  =  Volume of wastewater leaving the solids separation device in year y (m³ ) 

 ὅὕὈώ ,  =  Chemical oxygen demand of the wastewater leaving the solids separation device (kg/m³ ) 

ὄέ ,  =  Methane production capacity of wastewater (IPCC default value of 0.25 kg CH4  /kg COD or 

0.6 kg CH4/kg BOD) 

 ὓὅὊύύ ,  = Methane correction factor for the baseline anaerobic wastewater treatment system 

The reference emissions are calculated using Equation 1 of the AMS III.Y methodology (version 4), and Equation 2 is 

used to determine the net emissions of the conventional animal manure treatment system. 

BEy  = BE ww treatment y + BE ww high y + BE s treatmenty + BE s final y   (Equation 2) 

 

Where: 

 

BE y  =  Reference emissions in year y (tCO2e) 

B ww treatment y = Treatment y Methane produced in the baseline anaerobic wastewater treatment 

system(s) being replaced by the aerobic biological system(s) (tCO2e) 

BE ww high y = Methane emissions due to inefficiencies in basic wastewater treatment systems and 

the presence of degradable organic carbon in treated wastewater discharged into 

rivers/lakes/seas, etc. (tCO2e) 

BE s treatment y = Methane treatment produced in the baseline sludge treatment system(s) (tCO2e) 

BE s final  y= Reference methane emissions from the anaerobic decomposition of the final 

sludge produced (tCO2e) 

It should be emphasized that the BE ww y treatment is the only one applicable to this project. Therefore, it is the only 

one considered for the equation, which results in equation 3: 
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BEy  = BE ww treatment y  (Equation 3) 

Where, 

 

BE y  = Reference emissions in year y (tCO2e) 

BE ww treatment y = Methane produced in the baseline 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 and H2V GREEN 

FUELS PARANÁ 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 the time frame of one year. For this reason, data was adjusted to technical production and 

management issues for one year. 

In Table 4-7, as reported by the Green Fuels Paraná 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. 

Table 4-7 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 PLANT DEJECT PER ANIMAL 

(kg/year) 

LIVESTOCK MANURE 

(kg/year) 

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 

(nurseries)  
3.742.758,00 1.138,80 4.262.252.810,40 

Cattle  30.000,00 17.082,00 512.460.000,00 

TOTAL  - - 22.079.981.068,13 

Source: AMAR Sustainability (2024), based on information from Me-Le GbmH (2024). 

 

4.6.2 Emissions Analysis 

The region's conventional (business as usual) waste treatment system is an anaerobic lagoon for semi-solid 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, both poultry litter and waste from carcasses and 

eggs. These systems of open-air manure application, without chemical or biological control, are sources of high 

greenhouse gas emissions during the decomposition 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 Fuels Paraná 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 produced tends to reach or even exceed the maximum load capacity and nutritional 

purification capacity in natural and man-made environments, 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 the Green Fuels Paraná 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 AMS-III.Y methodology, considering each type of animal and based on the current herd in the study region, as 

informed by the entrepreneur. In Table 4-8 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. Embrapa Swine and Poultry in Concordia-SC has developed a platform for calculating the potential 

for generating waste and biogas (Biogásforte, 2018), so the data obtained came from this platform for finishing pigs, 

sows (UPL) and piglets (nurseries), as well as data on direct GHG emissions from animal production. 

 

Table 4-8 Ratio of manure per animal, volume of GHG emissions per manure and for the total herd of animals, in 

one year 

ANIMALS TOTAL ROSTER EMISSIONS 

(kg/animal/year) 

GHG 

EMISSIONS 

FROM THE 

PLANT PER 

YEAR (TCO2 

E/year) 

GHG EMISSIONS FROM 

THE PLANT IN 10 YEARS  

(TCO2 E/10 years) 

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 

TOTAL - - 23.366.108,18 233.661.081,83 

Source: AMAR Sustainability (2024), based on information from Me-Le GbmH (2024). 

 

Analyzing Table 4-8 it can be seen that manure, in the current system for its treatment, is a source of high emission 

rates of methane (CH4 ) or 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 in Table 4-8 shows the potential volumes of GHG emissions (methane - CH4 ) 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 Paraná Program, if implemented on 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 accounting for 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 emissions of the current scenario.  

If the volumes of emissions avoided were extrapolated over a ten-year period, as proposed by the AMS-III.Y 

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 

The Green Fuels Paraná 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 reduction 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 socio-environmental impacts listed above, combined 

with positive contributions to combating climate change, as well as boosting other opportunities for economic gains 

that will certainly be reflected across the entire spectrum of Program participants.   

Animal waste has the potential to generate biogas in local or group biodigesters. Table 4-9 shows the potential values 

for biogas generation from each type of waste generated by the animal herd over the course of a year. 

Table 4-9 Potential volume of biogas generated from the volume of animal waste for one year's herd. 

ANIMALS DEJECT/PLANT/YEAR 

(kg/year) 

BIOGAS GENERATION POTENTIAL 

(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 Me-Le GbmH (2024). 

 

In Table 4.9 it 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 (m³) 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 production of other products from biogas and biodigester waste, such as biodigestate. 

If the volumes of emissions avoided were extrapolated over a ten-year period, as proposed by the AMS-III.Y 

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 reaction; 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 C - Methanol  

In Table 4-10 shows 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 Green Fuels Paraná Program. 

Table 4-10 Potential use of biogas for the production of Syncrude and methanol. 

ANIMALS BIOGAS 

GENERATION 

POTENTIAL 

(m³/year) 

SYNCRUDE 

POTENTIAL 

(m³/year) IN 

SCENARIO A 

SYNCRUDE 

POTENTIAL 

(m³/year) IN 

SCENARIO B 

METHANOL 

POTENTIAL 

(m³/year) 

SCENARIO C 

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 

TOTAL 4.278.351,99 1.064.239,19 1.504.704,47 2.174.029,48 

Source: AMAR Sustainability (2024) based on information from Me-Le GbmH (2024). 

 

4.6.2.4 Analysis of the Potential for Fugitive Emissions based on Electricity Consumption 

In the case of the Green Fuels Paraná 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 the so-called "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 scenarios, are presented in Table 4-11. 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 Electricity, from a hydroelectric energy source.  

 

Table 4-11 Conversion/transformation ratio and generation of syncrude and methanol from biogas in scenarios A, B 

and C with hydroelectric energy matrix 

Methanol and 

Syncrude 

Emissions 

Scenarios 

Biogas conversion 

potential / 

Syncrude 

Quantity of 

biogas for 

Syncrude 

production 

Total 

emissions 

avoided 

EE Hydroelectric 

Emissions tCO2e 

/ t of Product 

Net GHG 

emissions 

tCO2e/ton of 

product 

Unit t/t  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 Me-Le GbmH (2024). 

 

Considering the use of hydroelectric power for the production of Syncrude and Methanol in scenarios A, B and C, 

their total production volumes and according to the Table 4-11. 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 additional -204.32 tCO2e per ton of final product. In 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 co-products, is mandatory according to the 

UNFCCC/IPCC/VERRA methodology and the Gold Standard. And 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 tCO2 e/m³ /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 used in technological scenarios A, B and C.  

In Table 4-12 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 considered. The same table 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.  

  

Table 4-12 Electricity consumption in the Green Fuels Paraná Program scenarios, with fugitive emissions from the 

different electricity sources per ton produced. 

Emission of tCO2e per t of Syncrude 



Environmental 

178/ 439 

Syncrude 

Production 

Scenarios 

EE 

consumption 

(MWh/t of 

Syncrude) 

Hydroelectric Wind Solar 

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 Me-Le GbmH (2024). 

 

In Table 4.12 it can be seen that the production 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 production of Syncrude and Methanol in scenarios A, B and C are shown in Table 4-12 

considering the total possible production volumes for Syncrude and Methanol. 

In table, 4.13, in 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 MWh/year. It should be noted that the Syncrude 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. 

 

Table 4-13 Electricity Consumption in the Scenarios of the Green Fuels Paraná Program, with Fugitive Emissions 

from the Different Electricity Sources for Annual Production. 

Syncrude 

Production 

Scenarios 

EE consumption for 

Syncrude's annual 

production (MWh/year) 

Annual tCO2e emissions 

Hydroelectric Wind Solar 

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 Me-Le GbmH (2024). 

 

In Table 4-14 the net emissions balances for Syncrude and Methanol produced in scenarios A, B and C with the 

different electricity sources are shown. 

 

Table 4-14 Balance of Emissions from the Different Sources of Electricity for Annual Production. 

Syncrude 

Production 

Scenarios 

Emission balance of tCO2e/year 

Hydroelectric Wind 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 4.14 the balances of net GHG emissions are presented, showing that for the 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 23,361,853.18 

tCO2e per year when using wind power. 

4.7 Conclusions on the viability and environmental regularity of the Green Fuels Paraná Program 

The Green Fuels Paraná 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 the general 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 - Syncrude/SAF or Methanol - 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 locational 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 Study of Biogas and PtX Production Plants for Me-Le in Paraná", presented in a specific report 

produced by professionals linked to the Federal University of Paraná and NIRAS. The study compares methane, 

biogas, methanol and Syncrude/SAF production scenarios, establishing 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 form 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 water resource 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, the 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 will have 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 environmental conditions 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 of CAPEX 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 Paraná Program 

Discussing the environmental viability of the program necessarily leads to two important approaches, the first 

referring to the suitability of the proposal in socio-environmental terms and the second relating to formal technical 

viability defined as being subject 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 are, the 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 disposal, 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 implementation in other parts of the country. Establishing rural sanitation infrastructure will certainly bring 

about a significant change in the environmental quality and well-being 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 contamination 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 Paraná, so the effect of this improvement will 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 methane (CH4 ), carbon dioxide (CO2 ), hydrogen sulphide (H2 S), 

ammonia (NH3 ), 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 contribute to a significant 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 tend 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 possibility of 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. Although 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 positive environmental 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 full socio-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 environment 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:  

¶ 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 licensing of rural sanitation structures/ducts 

on properties.  

¶ 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 licensing 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.  

¶ 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 and a mandatory 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 certificate, 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.  

¶ 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 environmental terms. 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 installed in geographical areas of direct influence of trans-state or trans-

national rivers (Paraná 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 Paraná Program 

When analyzing the Green Fuels Paraná Program in order to quantify the GHG emissions generated or avoided 

throughout its phases and processes, the following considerations can be made: 

¶ The Green Fuels Paraná 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. 

¶ The Green Fuels Paraná Program does not establish the technological boundaries of the processes 

analyzed, the scenarios constructed or the emissions considered in each of the emission tiers, which 

limits robust analysis and conclusions. 

¶ The data presented in the materials of the Green Fuels Paraná Program does not present a 

theoretical methodological reference for the development of its approaches or the calculation 

methods used to determine the results presented. 

¶ 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 their annual production systems, 

considering the effective production periods and disregarding the spaces for health gaps 

¶ Data for fish and poultry farming is still insufficient to correctly determine their net emissions 

(generated and avoided). 

¶ 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 boundaries. 

¶ 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 establish the life cycle 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 discrepancies between the results of these three so-called low-carbon 

sources of electricity. 

¶ The Green Fuels Paraná 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 socio-environmental benefits of 

these proposals, as other possibilities for private-private partnerships and public-private 

partnerships with good economic and socio-environmental attractiveness have already been 

observed in Paraná, involving rural producers, animal integration cooperatives and other 

companies. 

¶ 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 farming and 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. 

¶ 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. For this 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 emissions from each system and its products, whether positive or negative in 

terms of reducing GHG emissions. 
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¶ It is 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 

UNFCCC/IPCC, VERRA and/or the Gold Standard is essential for any carbon or climate change 

project. 

¶ Since the Green Fuels Paraná 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 each process, reference flow and 

production phase of the final products to ensure the validity of the benefits. 

¶ As a first 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 methodological approaches, 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 require field studies to collect primary data and reduce the uncertainties in the 

results.  

¶ 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 necessary to delve deeper into all the 

data and information in order to reduce or eliminate the uncertainties in its results. 

¶ Since the only fugitive emissions that can be accounted for are those from EE, the Program needs 

to study and define alternative low-carbon energy options, such as wind and photovoltaics. But 

there is great potential for processing and using poultry waste (poultry 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 disposed of directly on the ground. 

¶ The technological proposals of the three scenarios are very interesting for contributing to the 

Brazilian and German NDCs, and could generate socio-environmental and economic benefits for 

all the players involved. However, it is important to establish solid criteria so that the rural producers, 

the surrounding communities and the societies that will host the Syncrude, SAF and Methanol 

processing plants really do have socio-environmental, political and economic benefits; and that they 

are not just fundamental contributors to an economic chain that is so strategic for Germany and 

Brazil.  

¶ 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 methanol, generates negative 

results, meaning that methanol production from biogas from animal waste is negative and should 

be discarded. 

¶ 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 Paraná Program.  
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5 ANIMAL WELFARE 

CONSULTANTS: 

Me. Amanda Peniche dos Santos 

Dr. Jörg Hartung 

 

5.1 Initial phase: visiting local producers 

 

On August 29 and 30, 2023, three rural properties and one slaughterhouse in the municipality of Toledo-PR were 

visited with the aim of recognizing the current animal welfare 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: Mônica Tonello e seus irmãos 

C. Property area: 53,18Ha 

D. Uptime: 34 anos 

E. Breeding system: semi-intensive, 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. 

I. Veterinary nutritional assistance: not available. The feed is purchased ready-made 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: Family-owned 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 employees. The 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 of mastitis 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 reported rare occurrences 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 properly conduct pre-milking and teat cleaning; however, several teats end up touching the ground 

once the cow is milked out. 

 

 
Figure 5-1 Natural Mating Paddock 
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Figure 5-2 Feeding and handling corral 
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Figure 5-3 Calves 

 

 
Figure 5-4 Milking waiting area 
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Figure 5-5 Milking parlor entrance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-6 Milking room 
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Figure 5-7 Injured hoof 

 

5.2 Broiler poultry farm 

A. Location: 24°44'58.89"S 53°49'21.37"W 

B. Owners: Mônica Tonello e seus irmãos 

C. Property area: 53,18Ha 

D. Uptime: 36 anos 

E. Breeding system: integration (BRF), conventional 

F. Number of animals: 15,000 

G. Shed size: 1,200 square meters. 

H. Animal density: 12.5 

I. 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 to the producer. 

K. Observations: The batch is slaughtered every 42-45 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, 



Animal Welfare 

192/ 439 

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. 

 

 

 
 

 

 

 
Figure 5-8 View of the entrance to the poultry housing shed 

 

 

 














































































































































































































































































































































































































































































































