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Abstract 
Brazil’s pre-salt fields, particularly the Búzios Field, represent one of the most 
prolific oil and gas producing regions in the world. However, the large vol-
umes of associated natural gas generated in these operations present a signifi-
cant strategic challenge: how to economically and sustainably monetize this 
resource. Currently, a substantial portion of this gas is reinjected into reser-
voirs, a practice driven by technical obstacles such as high carbon dioxide 
(CO2) concentration and the absence of adequate transportation and pro-
cessing infrastructure. This article proposes an innovative and integrated off-
shore solution aimed not only at mitigating this reinjection practice but also 
at transforming Brazil into a competitive exporter of liquefied natural gas 
(LNG), thereby adding substantial value to the national energy industry. The 
core of the proposal is the creation of a strategically located offshore natural 
gas hub designed to centralize the collection and processing of raw gas from 
multiple Floating Production, Storage, and Offloading (FPSO) units operating 
in the Búzios Field. Rather than requiring each FPSO to independently man-
age its own gas treatment, the hub serves as a unified processing point, opti-
mizing impurity removal, including CO2, to produce a clean, high-quality nat-
ural gas stream. This centralization simplifies logistics, reduces the individual 
capital expenditure (CAPEX) burden on each FPSO by enabling shared infra-
structure, and represents a logical advancement of the guidelines set forth by 
the Brazilian Ministry of Mines and Energy under the “Gás para Empregar” 
program. Importantly, this approach offers a more flexible and cost-effective 
alternative to conventional pipeline-based solutions. Once treated in the hub 
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platform, the natural gas is transferred from the hub to a Floating Liquefied 
Natural Gas (FLNG) platform, also located offshore. The FLNG is responsible 
for the liquefaction process, cooling the gas to approximately −162˚C and con-
verting it into LNG, a liquid form with significantly reduced volume that is 
well-suited for transport via LNG carriers. Producing LNG offshore, in close 
proximity to the source, enables direct commercialization on international 
markets where pricing conditions are more favorable, while also allowing sup-
ply to domestic coastal terminals. The most significant innovation put forward 
in this study is the proposal to deploy a small-scale, mobile FLNG (SSM-
FLNG) structure connected to the centralized hub, rather than to individual 
FPSOs. This configuration, described as having no known global precedent, 
optimizes both logistics and operational costs, and is the defining feature that 
makes the integrated project economically viable. To assess financial feasibil-
ity, the study develops a flexible Excel-based modeling and simulation tool 
that allows users to input key assumptions, including CAPEX, operating costs, 
and gas prices, and generate scenario-based financial outputs. Key metrics 
evaluated include Net Present Value (NPV) and EBITDA. The results confirm 
the solution’s viability: a positive NPV demonstrates surplus value generation 
for investors, while a positive EBITDA reflects strong operational efficiency. 
In conclusion, this work contributes an engineering, logistical, and financial 
framework that transforms a longstanding technical and environmental chal-
lenge into a compelling economic opportunity. By combining a centralized 
offshore processing hub with an innovative SSM-FLNG configuration, the 
proposed solution positions Brazil to capture greater value from its pre-salt 
gas resources and to assert a stronger presence in the global LNG market. 
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1. The Current Brazilian Gas Market 

The increase in LNG operations by Brazilian companies has made LNG a relevant 
component of the Brazilian natural gas (NG) matrix, integrating the country more 
deeply into the global energy market. As a result, Brazil becomes increasingly ex-
posed to international price dynamics and supply fluctuations in global energy 
commodities such as NG [1]. Although Brazil does not depend directly on Russian 
gas supply, it remains indirectly affected by global disruptions in NG availability 
and pricing [2]. 

In 2022, Europe’s efforts to reduce dependence on Russian gas led to an increase 
in long-term LNG contracts. In response to the global tightening of the NG and 
LNG markets, suppliers began increasing the weight of oil indexation in new con-
tracts to guarantee price stability, creating a more challenging scenario for the de-
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velopment and liberalization of the Brazilian LNG market [3]. At the same time, 
the growth of LNG imports by Brazilian companies contributed to aligning do-
mestic NG prices with international benchmarks [3]. 

Imported LNG has become an important energy source for Brazil, particularly 
for intermittent electricity generation in the short and medium term through pro-
jects operating under Gas-to-Wire (GtW) and Reservoir-to-Wire (RTW) models. 
Considering both opportunities and constraints, LNG is increasingly evaluated as 
a strategic alternative energy source in the Brazilian energy system [4]. 

Despite this potential, the expansion of LNG markets in Brazil requires sub-
stantial investments across the entire supply chain. The implementation of LNG-
based transportation systems, such as LNG-powered trucks or other alternative 
fuel technologies, demands simultaneous development of vehicles and fueling in-
frastructure, which significantly increases capital requirements. According to [5], 
establishing LNG refueling infrastructure across Brazil’s extensive highway net-
work may become economically prohibitive, particularly under conditions of high 
international prices. Alternatively, compressed natural gas (CNG) trucks have al-
ready begun operating in Brazil, allowing LNG storage at refueling stations where 
cryogenic pumps enable high-pressure gasification and fueling operations, repre-
senting a more cost-effective solution in terms of CAPEX and operational ex-
penditure (OPEX). 

Fuel pricing for thermoelectric plants follows international market indexation 
rules, meaning that consumers ultimately bear the cost of fluctuations in global 
energy prices. In periods of market uncertainty and elevated energy prices, con-
sumption tends to decline and industrial production slows down [6]. 

Brazil has experienced rising inflation in recent years, reaching levels not ob-
served for a long time, while bank interest rates have increased significantly. These 
developments have contributed to higher fuel and food prices, reducing the coun-
try’s economic growth prospects [2]. Because NG is a key input in the production 
of fertilizers imported from Russia and widely used in Brazilian agriculture, dis-
ruptions in global gas markets have significant implications for the national food 
supply chain and agribusiness sector. As highlighted in [6], low-income countries 
are particularly vulnerable to rising food prices, which are exacerbated by in-
creases in energy and fertilizer costs. 

In emerging economies such as Brazil, where food, energy, and housing ex-
penses represent a large share of household budgets, inflation has severe social 
consequences. Rising energy and food prices delay economic and social progress 
and increase poverty among vulnerable populations [6]. 

Although rising commodity prices have generally harmed Brazilian imports, 
certain developments have produced mixed outcomes. For instance, the embargo 
on Russian diesel in February 2023 [7] potentially opened opportunities for Brazil, 
as Russia sought new markets after losing European demand. However, in Sep-
tember 2023 Russia announced temporary restrictions on diesel and gasoline ex-
ports, directly affecting Brazil, which had become the largest importer of Russian 
diesel. This measure led to price increases from approximately USD 10 per barrel 
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to USD 40 per barrel [8]. By the end of 2023, Brazil had become the largest buyer 
of Russian diesel, surpassing Türkiye and France [9]. 

For countries that rely on energy imports, higher fuel and electricity prices neg-
atively affect industrial output and increase production costs, weakening national 
macroeconomic performance. Rising energy prices also reduce household pur-
chasing power by increasing the cost of living through inflation. Conversely, en-
ergy-exporting countries benefit from higher commodity prices through in-
creased revenues, expanded production, and greater investment opportunities. 
This dynamic contributes to a redistribution of wealth within the global economy 
and can exacerbate inequalities between nations [10]. 

As energy prices continue to rise, industrial supply chains become increasingly 
dependent on energy costs. This situation may trigger the relocation of industrial 
production from high-cost countries to regions with lower energy prices, encour-
aging investors to favor energy-advantaged economies [6]. Additionally, global 
uncertainty often drives investors toward safer assets such as US equities, the US 
dollar, and gold. This shift can negatively affect investment prospects in Brazilian 
industries and influence stock market performance both domestically and inter-
nationally [2]. 

Global trade flows are also undergoing structural adjustments. Importing coun-
tries are increasingly prioritizing domestic energy resources to reduce exposure to 
volatile international markets and improve energy security [6]. Nevertheless, im-
porting countries remain vulnerable to supply strategies adopted by exporting na-
tions. Therefore, strengthening domestic energy production, whether renewable 
or fossil-based, remains essential for long-term energy security. 

Brazil’s energy matrix is largely based on domestic production, particularly re-
newable sources, along with oil and NG production from pre-salt and post-salt 
fields. However, LNG imports play an important role in supporting electricity 
generation, particularly during periods of reduced hydropower output. Petrobras 
has developed regasification terminals to receive imported LNG and supply ther-
moelectric plants during drought periods affecting hydroelectric generation [11]. 
Studies evaluating a decade of LNG regasification operations in Brazil confirm the 
importance of NG as a complementary energy source to hydropower, a trend ex-
pected to continue in the coming years [11]-[13]. 

Brazil has also followed the global trend of increasing electricity generation 
from natural gas-fired power plants. This transition contributes to reducing green-
house gas emissions compared with coal-based generation while providing dis-
patchable and controllable electricity, which is more reliable than intermittent re-
newable sources such as wind and solar [14]. 

Although the Brazilian NG market is evolving gradually, state gas distributors 
have intensified efforts to diversify their supply sources and reduce dependence 
on Petrobras [15]. According to studies conducted by the consultancy Gas Energy 
based on contracts disclosed by the Brazilian National Petroleum Agency (ANP), 
new suppliers have offered gas at prices below those historically charged by Petrobras, 
providing evidence of increasing market competition [15]. 
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For example, in 2022 the private producer 3R sold NG to the state distributor 
Bahiagás at prices between USD 6 and USD 7/MMBtu, based on Brent oil prices 
ranging from USD 75 to USD 125 per barrel. During the same period, Petrobras 
sold gas to distributors at prices above USD 14/MMBtu [15]. Such contractual 
disputes are common during the early stages of market liberalization, as tradi-
tional supply models coexist with new competitive arrangements. 

Despite these changes, Petrobras remained the dominant supplier of NG to 
state distributors in 2023. Its pricing formula continues to be indexed to Brent 
crude oil prices and exchange rate fluctuations between the US dollar and the Bra-
zilian real [15]. 

With the progressive opening of the Brazilian gas market, supply risks have in-
creased for market participants, reinforcing the strategic importance of LNG. 
LNG provides flexibility and the ability to supply large volumes of gas to regions 
not connected to pipeline networks, particularly in southern and northeastern 
Brazil [1] and [11]. Several new LNG terminals are planned in these regions to 
support industrial consumption and electricity generation [1]. Some projects are 
already well advanced, including a terminal planned in the state of Paraná by the 
company Nimofast, representing a practical example of market liberalization [3]. 

In addition to LNG imports, Brazil relies on the Bolivia–Brazil gas pipeline 
(Gasbol) for NG supply. However, Bolivian gas production has been declining 
since 2015 due to limited discoveries and aging fields, raising concerns about the 
long-term reliability of this supply source [16]. If new discoveries are not made, 
Bolivia may eventually become a gas importer, affecting Brazil and Argentina, the 
largest consumers of Bolivian gas [15]. 

In response to these challenges, Brazil has renewed its efforts to strengthen en-
ergy cooperation with Argentina. The development of unconventional gas re-
sources in the Vaca Muerta formation could enable Argentina to become self-suf-
ficient and potentially export gas to Brazil in the future [15]. Increased production 
from Vaca Muerta may also allow Bolivian gas currently exported to Argentina to 
be redirected to Brazil later in the decade [17] and [18]. 

These evolving regional dynamics, combined with global LNG market volatil-
ity, are reshaping Brazil’s energy strategy. Buyers around the world are reevaluat-
ing long-term LNG contracts in response to price fluctuations and supply risks, 
while new infrastructure projects aim to expand LNG distribution networks and 
improve energy security [17]-[21]. 

2. Brazil as an LNG Exporter 

The increase in LNG prices has had a significant impact on Brazil, causing a shift 
in its energy model towards this product, as well as the possibility of becoming an 
LNG exporter. The rise in prices justifies the investment in LNG production, 
which comes from offshore platforms exploring and producing from Brazil’s pre-
salt reserves. At this point, another conclusion drawn from the study is the use of 
small-scale structures for LNG production offshore, such as SSM-FLNG, which fit 

https://doi.org/10.4236/epe.2026.185014


L. Arend et al. 
 

 

DOI: 10.4236/epe.2026.185014 270 Energy and Power Engineering 
 

the dimensions of NG production from pre-salt basins, as well as the size of spe-
cific demand from Brazilian consumer markets. This could also generate financial 
viability by taking advantage of high LNG prices, enabling Brazil to export LNG 
and thereby position the country among the world’s leading LNG producers and 
exporters. 

Currently, Brazil’s NG matrix depends on Bolivian gas and LNG imports to 
balance its energy needs. However, there could be a surplus of NG from the pre-
salt reserves once an economically viable solution is developed. Alternatively, a 
hybrid scenario could be explored, where, even with LNG imports, Brazil becomes 
an LNG exporter from its pre-salt reserves. This is possible because the production 
is offshore, far from the coast, as seen on pre-salt platforms. In this scenario, the 
offshore production could be transformed from NG into LNG, transported to the 
coast, and then reprocessed into NG again for consumption. 

Brazil’s energy strategy, as detailed in the Ten-Year Energy Plan 2031, aims to 
double the share of NG in the national energy mix from 7% to 14%. While renew-
ables dominate the grid, NG is expected to account for over 50% of new power 
capacity additions this decade, serving as a flexible, dispatchable complement to 
intermittent sources. 

3. The Innovation of LNG for Brazil 

LNG is emerging as a critical alternative to diversify Brazil’s supply due to main 
factors such as the lack of centralized coordination for cross-border or interstate 
pipelines, which makes LNG a more flexible option for regional diversification, 
and shifts in global gas dynamics, exacerbated by the Russia-Ukraine conflict, 
have created a unique opportunity for Brazil to turn its abundant offshore reserves 
into exportable products. 
• Challenges in Pre-Salt Monetization: Despite high gas-to-oil ratios in the pre-

salt layers, monetization remains difficult due to extreme water depths (3000 
m), rock depths (7000 m), and distances from the coast exceeding 300 km. 
Historically, operators have prioritized gas reinjection to maintain reservoir 
pressure, but long-term recirculation threatens field profitability. Further-
more, high CO2 levels in these fields necessitate advanced decarbonization so-
lutions rather than simple venting. 

• Floating Liquefied Natural Gas (FLNG) Solutions: This research identifies 
FLNG platforms as an innovative solution for outflowing offshore gas, partic-
ularly because they can be relocated as wells deplete. Large-scale projects like 
Shell’s Prelude (3.6 MTPA) and Petronas’ PFLNG serve as benchmarks, 
though Prelude initially faced significant cost overruns and delays. This study 
argues that massive projects like Prelude are incompatible with Brazil’s eco-
nomic reality; instead, it proposes unprecedented, smaller-scale FLNG solu-
tions tailored to domestic market growth and potential international insertion. 

• Current Pipeline Infrastructure: Existing infrastructure for utilizing pre-salt 
gas is currently limited to three primary routes. Estimates suggest that the ex-
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isting and under-construction pipeline capacity will reach its limit by 2026, 
making alternative monetization options like LNG technically and economi-
cally essential for future production volumes. 

4. Case Study: Búzios Field 

According to [22], the Búzios Field holds the largest volume of oil and gas in deep 
waters globally, spanning 852 km2 and located approximately 200 km off the coast 
of Rio de Janeiro, at water depths ranging from 1600 m to 2100 m. Pré-Sal Petróleo 
S.A. (PPSA), Brazil’s state-owned company managing pre-salt reserves, announced 
on April 15, 2024, that the field had produced 1 billion barrels of oil. Petrobras 
operates the field through a consortium with CNOOC and CNODC, while PPSA 
manages the contract. Production has been ongoing since 2018 from five opera-
tional units of the FPSOs P-74, P-75, P-76, P-77, and Almirante Barroso [23]. 

The Búzios field is expected to operate at its maximum with twelve FPSO-type 
platforms. Currently, five platforms (P-74, P-75, P-76, P-77, and FPSO Almirante 
Barroso) are already installed and operational. Another six were in the design or 
implementation phase (FPSO Almirante Tamandáré, P-78, P-79, P-80, P-82, and 
P-83). 

The Búzios FPSOs are among the most prominent production units in opera-
tion in Brazil. Búzios concentrates the most productive wells in the country. The 
field had already broken records in July 2023, with 680,000 barrels/day of oil and 
30 million m3/day of NG. 

The last unit to begin operations was the FPSO Almirante Barroso, which 
started in May 2023. This unit can produce up to 150,000 barrels/day of oil and 6 
million m3/day of NG. The FPSO Almirante Tamandáré will be the largest pro-
ducer on the Brazilian coast, with a planned capacity of 225,000 barrels/day of oil 
and 12 million m3/day of NG. 

When the FPSO supplies NG to the FLNG, it is assumed that all necessary pro-
cessing of the raw gas into primarily methane (CH4), free of impurities and other 
components such as gas liquids, has already been completed by the FPSO. Cur-
rently, only some FPSOs in the Búzios field have these characteristics, known as 
Theoretical Type 1 FPSOs [24]. For the P-80, P-82, P-83, and the future Búzios 12 
FPSOs, the Theoretical Type 1 FPSO configuration will be used to enable gas ex-
port and provide access to the natural gas consumer market, as they are expected 
to connect to the existing gas pipeline network. 

5. The Concept of an Offshore Gas Hub Connected to a  
Small-Scale FLNG 

The proposal for an offshore gas hub is conceived as a central point for the aggre-
gation and processing of natural gas, aiming to improve interconnection and in-
crease flexibility in the gas evacuation network. Its main objectives include opti-
mizing the utilization of existing and planned gas processing and transportation 
capacities, as well as offering a competitive alternative to gas reinjection or to the 
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individual processing that would otherwise be carried out on each FPSO. 
The implementation of a new platform in the Búzios field, which would be an 

additional FPSO unit in pre-salt field, has been mentioned by Petrobras as specif-
ically intended for the creation of a new gas hub in the pre-salt region [25] and 
[26]. This hub would be responsible for processing gas produced by surrounding 
platforms, centralizing a function that was previously distributed among individ-
ual production units [27] and [28]. This conceptual solution can be better under-
stood through Figure 1. 

The shared hub model represents a significant operational and economic shift. 
Instead of each FPSO requiring its own complex gas treatment and evacuation 
systems, multiple FPSOs could focus primarily on oil production, while only the 
hub platform would be dedicated to centralized gas processing. This approach, 
according to studies by EPE, could result in approximately a 35% reduction in 
CAPEX for individual production platforms since gas specification systems would 
be concentrated at the hub [29]. 

Gas processing with high CO2 content is a well-known challenge in the pre-salt 
region [30], and the development of Petrobras’ HISEP technology for subsea CO2 
reinjection demonstrates both the complexity of the issue and the need for effi-
cient treatment solutions. This hub could overcome the inherent limitations of 
individual FPSOs, particularly those that were not initially designed for extensive 
gas exports, as well as those already connected to the evacuation network that is 
currently operating near its capacity limit [26]. The hub concept represents a via-
ble alternative for monetizing potential gas volumes, highlighting its applicability 
to large pre-salt fields such as Búzios [29]. It offers a flexible, faster, and often 
more environmentally conscious alternative for monetizing remote, smaller, or 
isolated gas reserves when compared with traditional pipeline infrastructure. 

 

 
Source: Prepared by the authors with the help of AI technology, 2026. 

Figure 1. Representation of the hub platform receiving natural gas from various FPSOs 
and delivering it to SSM-FLNG.  
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Small-scale floating units offer several attractive economic advantages, includ-
ing faster time-to-market, inherent scalability for phased expansion, and reduced 
dependence on fixed infrastructure. Furthermore, the ability to redeploy FLNG 
units to new gas fields enhances asset utilization and value. However, challenges 
remain, notably the substantial initial capital investment required, the inherent 
complexity of offshore projects, and the operational difficulties associated with 
offloading operations in challenging offshore environments. 

The transition from a paradigm in which individual FPSOs manage their own 
associated gas (often resulting in reinjection due to localized constraints) to a 
shared offshore gas hub model [31] represents a fundamental shift toward sys-
temic optimization across the entire Brazilian gas value chain. 

6. Financial Assessments 

This study uses the case of Búzios field, in the Brazilian pre-salt, which is the larg-
est oil and gas field in Brazil, with production projections of up to 2 million barrels 
per day (bpd) and colossal volumes of associated natural gas [32]. The efficient 
monetization of this gas is a strategic imperative, especially given the potential 
saturation of existing and planned pipeline infrastructure. 

For the development of this study, the studies prepared by [33]-[35] use an eco-
nomic-financial model, implemented in spreadsheets, to evaluate the feasibility of 
an offshore SSM-FLNG unit focused on gas monetization. This model served as 
the basis for the present work, which advances the analysis by incorporating an 
offshore natural gas hub solution into the modeling framework in order to obtain 
the results explored in this study. 

This tool enables the economic and financial evaluation of the proposed SSM-
FLNG, a small-scale, modular floating platform for natural gas processing and 
LNG generation. The modeling assumes that this FLNG will receive natural gas 
with a purity level suitable for liquefaction, with all pre-processing performed by 
an adjacent FPSO. The oil and gas production data for the Búzios FPSOs used in 
this modeling are obtained from the Environmental Impact Study/Environmental 
Impact Report (EIA/RIMA) prepared by Petrobras for [24] [36]-[39], ensuring a 
robust and regulatorily validated database, as well as from actual production data 
available on the ANP’s production dashboard [40]. 

To evaluate attractive ranges that yield positive results, this study simulated the 
extreme limits of certain variables while maintaining the evaluated indicators at a 
level attractive enough to justify the use of SSM-FLNG platforms. 

6.1. Process Steps and Modelation Explanation 

This chapter presents and analyzes the results of the economic evaluation of the 
solution of a hub with the SSM-FLNG configuration, obtained through a simula-
tion model. The analysis highlights the positive results in terms of revenue, NPV, 
and EBITDA, and examines the impact of the input assumptions. The in-depth 
analysis of the financial indicators provides a robust understanding of the hub 
with the SSM-FLNG configuration’s economic performance. 

https://doi.org/10.4236/epe.2026.185014


L. Arend et al. 
 

 

DOI: 10.4236/epe.2026.185014 274 Energy and Power Engineering 
 

The graphs presented in the report illustrate each indicator’s contribution to 
the outcome, highlighting the key factors driving the economic viability of the hub 
with the SSM-FLNG project. Analyzing these graphs identified how various com-
ponents, such as CAPEX, OPEX, and revenues from gas, affected the positive NPV 
and EBITDA results. To understand the results, it is essential to comprehend the 
impact of the assumptions on each scenario, as detailed below. The flow at each 
scenario is described, with the contribution of Figure 2. 

 

 

 

 

 
Source: Prepared by the author (2026). 

Figure 2. Process divided into scenarios from raw gas processing to transfor-
mation into LNG. 
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This study adopts a modeling approach applied to the 12 FPSO units of the 
Búzios field collectively, where their NG production is summed and aggregated. 
Within this set of 12 platforms, six are currently configured to process NG, as they 
are already connected to the national export pipeline network. The remaining six 
platforms, which do not currently perform gas separation and treatment, were 
modeled under the assumption that they can deliver processed NG ready for liq-
uefaction. 

In the base case scenario, a reinjection rate of 20% of the raw gas produced was 
adopted, while the remaining 80%, consisting of processed, separated, and filtered 
gas, was utilized as the feed gas ready for the liquefaction process. Following the 
study of Borges (2021) [41]. 

While CO2 management is a critical factor in offshore operations, providing a 
comprehensive analysis of its removal and sequestration was outside the primary 
scope of this research. Due to the high CO2 content characteristic of the Brazilian 
pre-salt reservoirs, a detailed treatment of this subject would require an extensive 
technical and economic framework. Consequently, the intricate modeling of CO2 
capture, its impact on the cryogenic process, and the associated carbon credit po-
tential are suggested as high-priority topics for future studies. 

6.2. Scenarios Studied 
6.2.1. Scenario BASE: FPSO Processing Crude Oil and Gas, Reinjecting  

20% 
In this scenario, we evaluated the sale of processed natural gas directly from the 
FPSO, prior to liquefaction, without incorporating transportation costs to the 
mainland. Raw gas is subject to a 20% reinjection rate before separation, meaning 
it still contains CO2 and other extraction contaminants. The specific assumptions 
for this scenario are as follows: 
• Gas Processing and Yield: A processing rate of 80% for raw gas is assumed, 

with deductions for CO2 content (calculated specifically for each FPSO) and 
internal fuel consumption for production, estimated at 33%. 

• Purity Standards: The FPSO is responsible for processing the raw gas to reach 
the purity levels required for subsequent liquefaction in the FLNG unit. 

• Operational Losses: Natural gas process losses are estimated at a fixed rate of 
5%. 

• CAPEX: Dedicated CAPEX for NG processing is estimated at 10% of the 
FPSO’s total investment, totaling the six platforms in the Búzios field that lack 
the “Theoretical Type 1” configuration; the remaining six Type 1 platforms are 
already equipped with the necessary processing infrastructure as per IBAMA 
(2012) [36] standards. 

• Revenue Generation: Revenue is based solely on aggregated NG priced at 
global market rates of USD 3.31/MMBtu (NYMEX May/25 benchmark), ad-
justed annually by an estimated 2% U.S. inflation rate. 

• Wellhead Cost Deduction: The price paid for natural gas at the wellhead (at 
the FPSO) is deducted at a rate of USD 2/MMBtu [42], which is also adjusted 
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annually by a 2% U.S. inflation rate. 

6.2.2. Scenario FLNG: FPSO Processing Crude Oil and Gas, Reinjecting  
20%, and Delivering the Resulting NG to the FLNG 

In this scenario, deductions were applied for reinjection, fuel consumption, and 
CO2 content. The presence of Natural Gas Liquids (NGL) was excluded from the 
model as they typically represent less than 1% to 3% of the volume, and other 
impurities were similarly discounted. The gas delivered to the FLNG is assumed 
to be ready for liquefaction and is priced at the wellhead value as defined in the 
assumptions table, having already undergone processing and associated cost allo-
cations in the preceding scenario. 

The large-scale FLNG model is based on 0.2 MTPA modules with a minimum 
utilization factor of 33.33% and a maximum of 87%. Under these parameters, the 
12 FPSOs reach a peak utilization of 20 modules during 2029 and 2030, resulting 
in a maximum output of 4.0 MTPA on a single platform [43] and [44]. Specific 
assumptions for this scenario include: 
• Energy and Process Loss: Fuel use for the liquefaction process is set at 32%, 

with an additional 15% estimated loss during liquefaction. 
• Operational Losses: Standard losses within the liquefaction process are esti-

mated at 5%. 
• CAPEX: Dedicated CAPEX is set at US$900 per ton of LNG, aligned with the 

Gimi project benchmarks, totaling US$7.2 billion for the 12 Búzios FPSOs 
[41]. 

• Revenue Projections: Revenue is derived from LNG priced at global market 
rates of US$8.88/MMBtu, adjusted annually by a 2% U.S. inflation rate, ex-
cluding international transport costs. 

6.2.3. Scenario SSM-FLNG: Transforming FLNG into SSM-FLNG 
In this scenario, the study evaluates the SSM-FLNG configuration, utilizing mod-
ular units with a capacity of 0.07 MTPA each. These modules operate with a min-
imum utilization factor of 33.33% and a maximum of 87%. Under these parame-
ters, the 12 FPSOs reach a peak utilization of 64 modules during 2029 and 2030, 
achieving a collective capacity of 4.48 MTPA. 

The comparative analysis indicates that this modular parallel array outperforms 
conventional FLNG designs, which typically employ fewer, larger units (e.g., 20 
units for 4.0 MTPA). By reaching 4.48 MTPA, the SSM-FLNG model delivers a 
12% increase in total throughput, demonstrating higher volumetric efficiency that 
directly enhances the project’s Net Present Value (NPV) and overall financial at-
tractiveness. Specific technical and economic assumptions for this scenario in-
clude: 
• Fuel and Process Dynamics: Gas consumption for liquefaction fuel is set at 

32%, with an additional 15% estimated loss during the liquefaction process. 
• Operational Efficiency: Standard losses within the liquefaction process were 

estimated at a 5% rate (reflecting a 95% yield). 
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• CAPEX: Dedicated CAPEX for the processing structure is set at US$600 per 
ton of LNG based on the Gimi project benchmark, resulting in a total invest-
ment of US$2.688 billion to serve the 12 Búzios FPSOs. 

• Revenue Projections: Revenue is based on LNG sales at global market prices of 
US$8.88/MMBtu, adjusted by an annual U.S. inflation rate of 2%, excluding 
international transport costs. 

6.2.4. Scenario HUB: Several FPSOs Delivering NG to HUB to Collect All 
NG and Deliver to a SSM-FLNG to Produce LNG 

In this final scenario, we integrated the Natural Gas Hub concept as a centralized 
infrastructure to consolidate the gas produced by all 12 FPSOs within the Búzios 
field. This hub functions as a primary gathering and treatment point, ensuring the 
natural gas reaches liquefaction quality before being transferred to the SSM-FLNG 
modular array. The economic and technical parameters for the liquefaction stage 
remain consistent with the previously established SSM-FLNG assumptions. The 
specific assumptions for this integrated Hub-to-SSM-FLNG scenario are as fol-
lows: 
• Centralized Consolidation: The Hub is designed to collect the total natural gas 

output from the 12 active FPSOs, neutralizing individual platform constraints 
and optimizing the flow for large-scale monetization. 

• Hub Processing and Efficiency: The centralized facility manages the primary 
separation and treatment; internal consumption and processing yields are 
maintained in line with the modular SSM-FLNG efficiency standards (includ-
ing the 32% fuel use and 15% process loss). 

• Infrastructure Synergy: By utilizing a shared Hub, the individual CAPEX re-
quirements for gas treatment on each FPSO are redistributed. The Hub invest-
ment is amortized across the collective production, enhancing the financial 
viability of the individual E&P projects. 

• SSM-FLNG Integration: After processing at the Hub, the gas is liquefied via 
the 64-module SSM-FLNG array, maintaining the peak capacity of 4.48 MTPA 
and a maximum utilization factor of 87%. 

• CAPEX: The CAPEX for the liquefaction structure continues to be bench-
marked at US$600 per ton of LNG, while the Hub infrastructure is treated as 
a shared asset, aligning with the goal of reducing the overall cost of gas deliv-
ered to the SSM-FLNG. 

• Revenue and Pricing: Revenue projections remain tied to the global market 
price of US$8.88/MMBtu, adjusted annually by the 2% U.S. inflation rate. 

6.3. Modeling and Simulation Assumptions 

Certain constraints within this study involve the exclusion of cost simulations for 
LNG vessel chartering, insurance requirements, and regasification fees at destina-
tion FSRUs, whether in Brazil or international markets. Consequently, the current 
scope is restricted to the delivery of LNG within international waters, with future 
research proposed to evaluate the logistics of reaching specific consumer end-
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markets. 
Furthermore, the economic analysis is limited to operational results prior to the 

application of taxes and royalty payments. This boundary was established to 
maintain focus on the proposed technical solution and avoid the intricate com-
plexities of the Brazilian tax system. Detailed tax assessments and fiscal modeling 
are therefore recommended as a priority for subsequent studies. 

6.4. CAPEX, Abandonment, and Decommissioning (ABEX) for  
Small-Scale Modular FLNG 

Natural gas liquefaction has faced a significant increase in costs over the last dec-
ade, with projects recording surges of 30% to 50% compared to initial estimates 
due to construction delays and regulatory requirements. Data from the Interna-
tional Gas Union indicate that average unit costs jumped from US$404/ton in the 
2000-2008 period to US$1005/ton between 2009 and 2017. Several factors deter-
mine these values, including geographic location, the complexity of gas pro-
cessing—which is more expensive in the Brazilian pre-salt due to the high pres-
ence of CO2—and the technological choice between new builds or vessel conver-
sions [45]. 

In the scenario of floating units, ship conversions are typically more competi-
tive than new platforms, with costs ranging between US$550 and US$600 per ton 
of annual capacity, as exemplified by the Gimi FLNG. In contrast, new builds can 
reach US$750 per ton, while the industry average for integrated projects is around 
US$1400 per ton. For simulation purposes in this study, a benchmark of US$600 
per ton of processed LNG was adopted, excluding abandonment costs (ABEX) for 
the FLNG and SSM-FLNG structures, as these are considered generic assets that 
can be redeployed in other global projects. 

For the purpose of this study’s simulations, a CAPEX benchmark of US$600 
per ton of processed LNG was adopted, consistent with the Gimi FLNG project. 
While abandonment costs (ABEX) for the FPSO platform were calculated at 7% 
of its total CAPEX, distributed over the final decade of operation, such costs were 
excluded for the FLNG and SSM-FLNG structures. This exclusion is justified by 
the generic nature of these mobile platforms, which allows them to be redeployed 
to other projects worldwide rather than being decommissioned at the end of a 
specific field’s life. 

6.5. OPEX of an FLNG Structure 

The OPEX of an FLNG unit covers daily expenses such as maintenance, person-
nel, fuel, and insurance, which are often higher than onshore facilities due to the 
complexities of maritime logistics and remote environments. While typical oper-
ating costs for FLNGs and FPSOs range from 3% to 5% of the total CAPEX, this 
study adopts a conservative premise of 3% per year. Specialized technologies, such 
as those used for membrane-based CO2 removal, require an even higher annual 
allocation of approximately 5% of their associated CAPEX [46]. 
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Operational efficiency is further impacted by availability, as FLNG facilities typ-
ically reach about 90% uptime compared to the 98% seen in onshore plants. This 
discrepancy, combined with the need for highly skilled labor, specialized logistics 
like helicopter transportation, and significant energy consumption during lique-
faction, creates a demanding financial landscape. Furthermore, broader studies by 
the EPE suggest that combined OPEX and ABEX can reach 6% and 7% of total 
CAPEX, respectively, underscoring the necessity of cost transparency to maintain 
a competitive and fair remuneration model for offshore infrastructure [28]. 

6.6. Comparison of FLNG and SSM-FLNG Modular Configurations 

The primary distinction between the large-scale liquefaction modeling (FLNG) 
and the small-scale approach (SSM-FLNG) lies in the nominal capacity assigned 
to the individual liquefaction modules. The FLNG model employs modules with 
a unit capacity of 0.2 MTPA arranged in parallel, whereas the SSM-FLNG model 
utilizes 0.07 MTPA modules. In practice, both models are designed to accommo-
date the annual volume of available NG. 

The 33.33% Limit (Technical or Turndown Minimum): The 33% value refers 
to the operational flexibility of the liquefaction compressor while still being able 
to maintain operation without shutting down. The PRICO® technology, devel-
oped by Black & Veatch, is widely recognized in the LNG industry for its opera-
tional flexibility, especially in offshore units such as the Gimi FLNG and the Hilli 
Episeyo [43]. The maximum rate of 87% is justified by the high OPEX in an off-
shore environment and the logic of maintenance/operational availability [44]. 

The comparative analysis indicates that the SSM-FLNG architecture, character-
ized by a modular parallel array (64 units), outperforms the conventional FLNG 
design (20 units) in terms of total throughput. Although each SSM module is 
smaller in scale, the collective processing capacity reaches 4.48 MTPA, represent-
ing a 12% increase over the 4.0 MTPA produced by the standard FLNG unit. Con-
sequently, the SSM-FLNG model exhibits higher volumetric efficiency, directly 
correlating to enhanced project NPV and overall financial attractiveness. 

While working with monthly or even daily data would be the ideal approach 
for this analysis, such granular information is frequently difficult to obtain. Since 
this study focuses on a conceptual analysis to validate the fundamental logic of the 
SSM-FLNG and offshore hub proposal, the current data set effectively demon-
strates that the concept is sound. 

7. Results 

This section presents and analyzes the results of the economic evaluation of hub 
NG with the SSM-FLNG configuration, obtained through a simulation model. 
The analysis highlights the positive results in terms of revenue, NPV, and EBITDA, 
and examines the impact of the input assumptions. Given the empirical nature of 
the research, presenting the data and elucidating the connections between them 
are crucial to offer a concise overview of the findings. 

https://doi.org/10.4236/epe.2026.185014


L. Arend et al. 
 

 

DOI: 10.4236/epe.2026.185014 280 Energy and Power Engineering 
 

The simulation results demonstrate that the SSM-FLNG configuration added 
positive economic value, as evidenced by the economic viability indicators. The 
NPV and EBITDA were favorable, indicating the project’s attractiveness under 
the adopted assumptions. The resulting graphs below illustrate the contribution 
of each analyzed component to the overall revenue, NPV, and EBITDA, providing 
an aggregated view of their effect. This is presented as an additional contribution 
to the habitual oil production of the Búzios Field platforms during the production 
years from 2016 to 2055, covering 40 years of field production. Taxes and royalties 
on the calculated EBITDA were not considered. 

It is worth noting that the results without the inclusion of the NG hub modeling 
are identical to those presented in the studies developed by [33]-[35], with the 
gains modeled with the NG hub solution being included here. 

7.1. Revenue Added by LNG 

Figure 3 illustrates the revenue contribution when considering FPSOs producing 
80% of raw gas as NG, after CO2 has been accounted for. This NG is then sold at 
the wellhead, where it is delivered to a hypothetical export pipeline or another 
transportation solution to a point where it can be commercialized. At this point, 
the solution proposed in this article would be applied via unification through a 
NG hub, connecting to a SSM-FLNG unit to be transformed into LNG and then 
commercialized by LNG carriers, both for the Brazilian market and the global 
LNG market, at global prices. 

 

 
Source: Author, 2026. 

Figure 3. Analysis of revenue increase considering all Búzios Fields over 40 years of oper-
ation.  

 
Analyzing Figure 3, the use of the FLNG platform to liquefy NG and sell it as 

LNG at global market prices generates a total revenue (across the 12 Búzios 
FPSOs) of US$36.019 billion (over 40 years of operation). Using the small-scale 
model, it generates a total revenue of US$36.05 billion, an additional US$0.026 
billion (or US$26 million). And finally, the use of the GN hub solution generated 
an additional US$1.1 billion. 
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7.2. EBITDA 

The EBITDA evaluation for the hub NG with the SSM-FLNG configuration 
yielded a positive value, as illustrated in Figure 4. EBITDA is an operational prof-
itability metric that reflects a project’s ability to generate cash from its core activ-
ities, before considering interest, taxes, depreciation, and amortization. A positive 
EBITDA indicates the project’s operational efficiency and its ability to generate 
gross profits from its operations. 

While a positive EBITDA is a strong indicator that hub NG operations are prof-
itable, it is important to understand its role in the broader financial context. It 
demonstrates the operation’s gross cash generation capacity, which is essential for 
covering operational costs and, eventually, debt service. However, it is crucial to 
note that EBITDA does not incorporate the impact of taxes, financing interest, or 
asset depreciation, which are real expenses affecting net profit and final cash flow. 
Therefore, for a complete and accurate financial analysis, EBITDA should be eval-
uated in conjunction with NPV (Net Present Value). 

Evaluating Figure 4, the production process on the FLNG generated an EBITDA 
of US$38.213 billion. With the use of small-scale units, there is a reduction of 
US$5.932 billion, resulting in a final aggregated result of US$32.481 billion over 
40 years of operation. The lower EBITDA in the SSM-FLNG scenario is justified 
by the high CAPEX and OPEX required to operate many modules in parallel. 

However, the use of the NG hub solution generates an increase in EBITDA of 
approximately US$10.7 billion over the 40 years evaluated. This demonstrates a 
significant result to validate the financial viability of the proposed solution. 

 

 
Source: Author, 2026. 

Figure 4. EBITDA analysis considering all Búzios Fields.  

7.3. Net Present Value (NPV) 

The calculated NPV for the hub NG with the SSM-FLNG configuration yielded a 
positive value, as shown in Figure 5. This outcome is a fundamental indicator of 
the project’s economic attractiveness, as it means the present value of expected 
benefits exceeds the present value of total costs, generating a surplus that adds 
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wealth to investors. A positive NPV for the solution demonstrates that, under the 
study’s assumptions, the project not only covers its costs and required rate of re-
turn but also creates an excess value, which is a clear sign that the investment is 
financially advantageous. 

Evaluating Figure 5, with the utilization of the FLNG, there is a discounted cash 
flow (at a 12% annual rate) of US$4.515 billion and with the use of the SSM-FLNG, 
the discounted cash flow (at a 12% annual rate) results in a final value of US$5.512 
billion. The SSM-FLNG solution yielded a valuation increase of USD 997 million, 
representing a 22% increase in NPV. Furthermore, there is an additional US$1.8 
billion resulting from the use of the NG hub. This performance justifies and vali-
dates the approval of the investment in the proposed hub NG with the SSM-FLNG 
solution. 

 

 
Source: Author, 2025/2026. 

Figure 5. NPV analysis considering all Búzios Fields. 

8. Conclusions 

The findings of this study provide a robust validation of the SSM-FLNG architec-
ture and the integrated offshore NG hub as a transformative solution for Brazil’s 
pre-salt monetization. The developed economic modeling tool transcends specific 
case evaluations, offering a flexible methodological framework to analyze small-
scale offshore structures across diverse global scenarios. 

The economic simulations confirm that the SSM-FLNG configuration yields 
positive and robust results, outperforming conventional designs in several key 
metrics: the modular parallel array of 64 units achieves a total throughput of 4.48 
MTPA, representing a 12% increase in collective processing capacity compared to 
standard 4.0 MTPA units. This higher volumetric efficiency correlates directly to 
an enhanced Net Present Value (NPV), as evidenced by positive IRR and EBITDA 
indicators. By reducing rigid infrastructure and transportation costs, the SSM-
FLNG allows projects to deliver LNG at more competitive prices on the global 
market compared to traditional onshore sources. 

A critical conclusion of this research is the necessity of the offshore NG hub 
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platform. Currently, high CO2 content and limited evacuation capacity force pro-
ducers to rely heavily on gas reinjection. The proposed hub emerges as a promis-
ing solution to consolidate processing by: treating and processing gas from vari-
ous FPSOs to reach liquefaction quality, the hub frees up critical capacity on indi-
vidual production platforms; optimizing Capital Allocation so that the shared hub 
model redistributes CAPEX, making individual E&P projects more attractive and 
aligning with market liberalization objectives; and Future-Proofing Assets by 
avoiding the long-term costs of unnecessary reinjection, ensuring that pre-salt 
production remains competitive and sustainable. 

In summary, the demonstrated viability of the SSM-FLNG and the integrated 
hub provides a promising roadmap for developing associated gas fields in remote 
deep waters where traditional pipelines are unfeasible. This innovation acts as a 
catalyst for economic efficiency, positioning Brazil to accelerate new projects and 
monetize gas assets previously considered marginal. 
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