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Introduction

In the race towards energy transformation, countless efforts are being made to improve efficiency and mitigate
emissions, such as Greenhouse Gas (GHG). In oil exploration and production (E&P), Natural Gas (NG) is a primary
product exploited alongside crude oil due to its excellent energy potential. NG is composed mainly of methane, which
makes up over 90% of its contents. Under primitive conditions, NG can be classified as associated and non-associated.
Associated Natural Gas (GASA) is produced from the reservoir, still in the geological reservoir, dissolved in oil or in
contact with saturated oil as a gas layer. Non-Associated Natural Gas is made from a dry gas field, free of crude oil and
water, or from a gas and condensate field, thus allowing almost exclusive NG production. In Brazil, the NG produced from
offshore reservoirs is predominantly of associated origin and in varying proportions. GASA is commonly used for power
generation and artificial lifting, injected into reservoirs, and is a recovery method widely used in E&P, which is part of the
strategy to increase the recovery factor of reservoirs besides being exported. The use of GASA for export, injection,
artificial lifting, own consumption, and electricity generation is provided for in Resolution No. 806 of 2020 of the Agéncia
Nacional do Petrdleo, Gas Natural ¢ Biocombustiveis (ANP), which regulates the procedures for controlling losses and
flaring of oil and NG.

Regulatory milestone

In 1997, Brazil established a regulatory framework for energy policy under Law No 9.478. This law created the
Conselho Nacional de Politicas Energéticas (CNPE) and the ANP, which is responsible for proposing national policies and
specific measures for the rational utilization of energy sources, including guidelines for the use of natural gas (NG). In 2000,
ANP Ordinance No 249 regulated procedures for flaring and losses of oil and NG. This regulation received considerable
attention and was recently updated by ANP Resolution No 806, establishing more stringent procedures for controlling and
reducing flaring and losses. For maritime production, Resolution No 806 specifies that the flaring and loss of gas associated
with oil production (GASA) must correspond to a volume equal to or less than:

a) 3% (Associated Gas Utilisation Index (IUGA) greater than or equal to 97%) of the monthly production of GASA, not
cumulative to any other reason for flaring or loss, carried out in a maritime production unit that is already in
production or whose production begins within five years of the publication of Resolution No 806;

b) 2% (IUGA greater than or equal to 98%) of the monthly movement of GASA, not cumulative to any other reason for
burning or loss, carried out in a maritime production unit whose production begins at least five years after the
publication of Resolution No 806;

c) 1.5% (IUGA greater than or equal to 98.5%) of the monthly movement of NG, not cumulative to any other reason for
flaring or loss, carried out in an offshore production unit that circulates gas for oil lifting or receives gas from other
units in volumes equal to or greater than 50% of the volume of gas handled.

Objective

To reduce greenhouse gas emissions, it is crucial to constantly decrease reliance on fossil fuels and increase the use of
renewable energy sources with low carbon emissions. We must also strive for sustainable economic growth. To achieve this, we
need to adopt control and mitigation actions. This project aims to evaluate the use of surplus gas associated with oil (GASA) as
a source of energy and raw material. The GASA will feed an offshore modular plant coupled to a Floating Production Storage
Offloading (FPSO) unit to produce hydrogen. This system will provide another option for monetization besides those already
being studied. The goal is to increase the utilization of GASA and reduce the burning and loss of this valuable resource. A
summary of the proposed solution is presented in Figure 1.
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Figure 1 - Synthetic diagram of E&P in the Pre-Salt (Adapted from [EPE2020])

The primary goal of this scientific study is to increase [IUGA in E&P units using NG from the Brazilian pre-salt. This
goal is in line with CNPE's public policies. The study proposes an alternative way of using surplus GASA and focuses on the
processing of H2 by NG through SMR, which is adapted to E&P in the Brazilian Pre-Salt. It should be noted that the Brazilian
Energy Research Company (EPE) predicts continuous growth in NG production for this decade, driven by the entry into operation
of dozens of FPSOs. Moreover, H2 is a potential solution for the energy transition without GhG releases, or at least mitigating
the impacts predicted for the future.

Theoretical Frameworks and State of the Art

Hydrogen (H2) is a promising solution that can play a significant role in the world's leading energy matrix due to its
high energy per unit weight. Compared to hydrocarbons, H2 has a higher energy potential since it is a lighter element and has
a high carbon neutralization potential. Steam Methane Reforming (SMR) is the most widely used method in the industry for
producing H2. It uses natural gas (NG) as a raw material and is responsible for an estimated 75% of the entire supply of H2
globally [Massarweh, 2023]. The market committed to mitigating greenhouse gas (GHG) emissions views H2 production
favourably because it effectively reduces GHG emissions. Compared to electrolysis, SMR consumes much less water and
allows for a modular production unit of skids on a platform, resulting in increased utilization of CH4 and increasing the
International Union of Gas Associations (IUGA), the subject of this study. The efficiency of H2 production processes using
the SMR method is around 72% for decentralized production (size < 1,500 kg/day) [D-GEG]. As we transition towards greater
energy efficiency, there is growing interest in developing strategies for producing H2. Carbon Capture, Utilization, and
Storage (CCUS) technology is a potential solution for a low-carbon energy production chain. Therefore, this scientific study
proposes equipping the H2 processing system with devices fitted with CCUS technology. Approximately 9.35 kg of CO2 is
generated for every kg of H2 produced using the SMR method [Franchi, 2020], [Sun, 2019], [Abdul, 2022], and [Spath, 2000].
However, when coupled with CCUS systems, these emissions fall below 3.00 kg CO2 kg-1 H2 [Oni, 2022] and [ieaghg].
Integrating CCUS technology with H2 production using SMR is a promising approach to reducing GHG emissions and
establishing a low-carbon energy production chain.

Methodology and Preliminary Results

Initially, the methodology used to estimate the curve of flaring attenuation and loss of surplus gas was to collect monthly
historical data series released by the ANP and analyze statistical data. The respective curves were then generated by identifying
and using trend models extended to the coming decades. Next, equations were generated using non-linear regression, a widely
used method to analyze data and estimates to verify statistical hypotheses. These equations describe the relationships between
the variables involved and their respective coefficients of determination, among other indicators. The non-linear regression
method was used in the context of the growth curve because it sought to be a non-empirical and simple model whose parameters
are interpretable. This method established a simple, functional relationship between production, injection burning, and loss in
the time domain whose predictions could be extended beyond the observed data. Similarly, based on the consumption of methane
needed to process hydrogen from a modular plant attached to an FPSO, the flaring and loss attenuation curve was estimated,

=3l =
NTERNACIONAL DE ENGENHARIA AMBIENTAL




ANAIS |

/

EDI(;AO LUSO BR SILEI

increasing IUGA. The conceptual flow for the construction and assembly of the modular hydrogen processing plant using the
SMR, Water Gas Shift (WGS), and Pressure Swing Adsorption (PSA) methods, equipped with the CCUS concept, was based on
published works [Massarweh, 2023] and [El-Emam, 2023], as well as supplier datasheets.

Conclusion

Numerous studies have shown that the hydrogen production chain, equipped with complementary devices that result
in extra low carbon emissions, should be a determining factor in public policy agendas to generate energy with the most
negligible environmental impact. However, there are still challenges to overcome. Is there any knowledge of an energy matrix
as efficient and economically viable as that of oil derivatives? The consequences of excessive use of oil have led to
environmental pathologies that could be irreversible. Hydrogen is the most abundant element in nature, and the production of
hydrogen via steam methane reforming (SMR) of natural gas, a mature technology, has many advantages as an alternative to
fossil fuels. The production of hydrogen has increased significantly over the last few decades, and the SMR method using
carbon capture, utilization, and storage (CCUS) technology highlights the promotion of carbon neutralization. The financial
stalemate of these investments is an obstacle that needs to be understood and supported globally. Increasing hydrogen
production capacity in an economy of scale is promising for meeting the challenge of decarbonizing the planet. In the face of
the inevitable flaring and loss of natural gas in offshore exploration and production, the implementation of a decentralized
system for processing hydrogen in floating production, storage, and offloading (FPSO) vessels becomes an attractive
alternative for increasing the use of gas and, consequently, reducing flaring and loss. This approach offers a safe, reliable,
and profitable alternative to conventional supply, putting into practice a way of using surplus gas.

Bibliographical References
EPE.; 2020. Estudo de Aproveitamento do Gas Natural do Pré-Sal. Anais do EPE.

Mendes, T.; Saulo, R.; 2012. Antes do pré-sal: emissdes de gases de efeito estufa do setor de petroleo ¢ gas no Brasil. Anais
do Estudos Avangados, pp.201-218.

Massarweh, O.; Al-khuzaei, M; Manal and Bicer; Yusuf and Abushaikha, Ahmad S; 2023. Blue hydrogen production from
natural gas reservoirs: A review of application and feasibility. Anais do Journal of CO2 Utilization, pp.102438.

Spath, P.; Mann, M; 2000. Life cycle assessment of a natural gas combined cycle power generation system. Anais do National
Renewable Energy Lab. (NREL).

Fernandez, G; Rough; Daniella; 2023. Hydrogen Considerations Tree: Executive Deck. Anais do National Renewable Energy
Laboratory (NREL).

Oni, AO.; Anaya, K.; Giwa, T.; Di Lullo; Giovanni; Kumar; Amit; 2022. Comparative assessment of blue hydrogen from
steam methane reforming, autothermal reforming, and natural gas decomposition technologies for natural gas-producing
regions. Anais do Energy Conversion and Management, pp.115245.

Franchi,G.; Capocelli, M.; De Falco, M. ; Piemonte, V.; Barba, D. ; 2020. Hydrogen production via steam reforming: A
critical analysis of MR and RMM technologies. Anais do MDPI, pp.10.

Sun, P.; Ecgowainy, A.; 2019. Updates on hydrogen production from the SMR process in GREET. Anais do Technical report.

Abdul'A.; 2022. New IEAGHG Technical Report: 2022-07 Low Carbon Hydrogen from Natural Gas: Global Roadmap. Anais
do IEAGHG.

Volcovici, V.; Abnett, K.; Green, M.; 2020. Cleaner but not clean - Why scientists say natural gas won't avert climate disaster.
Anais da Reuters;

Diregao-Geral de Energia e Geologia; 2019. Roteiro e Plano de A¢do para o Hidrogénio em Portugal. Anais da Dire¢do-Geral
de Energia e Geologia.

- e
0 INTERNACIONAL DE ENGENHARIA AMBIENTAL




