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“A Brazilian pre-salt reser-
voir model was integra-
ted with a topside mo-
del, enabling the evalu-
ation of energy demand
and CO, emissions in the
platform within reservoir
simulation studies.”
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emissions in reservoir development and management studies
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Introduction

The growing need to reduce CO: emissions and achieve
net-zero targets by 2050 has increased the focus on
improving energy efficiency in the oil and gas industry.
Gas and oil production in Brazilian pre-salt fields is
typically carried out by FPSOs and involves highly
energy-intensive processes. The production of large
volumes of CO:-rich gas requires enhanced recovery
techniques such as gas reinjection and WAG injection.
Despite this, reservoir development and management
studies rarely incorporate energy consumption, emis-
sions, and topside processes in an integrated manner,
which may lead to analyses that do not fully represent
operational conditions.

This work presents the main highlights of the study by
Menezes et al. (2026), focusing on the integration of the
UNISIM-II-D-CO benchmark with a topside process in
which part of the produced gas is used as fuel on the
platform, enabling a more realistic evaluation of energy
demand and emissions in reservoir management stud-
ies.

Methodology
1) Topside modelling:

a. Design of the platform model and topside process
considering the main facilities with significant
energy impact (Figure 1).

b. Development of energy models in eCalc™.

2) Reservoir modelling:

a. Development of a proxy for integrating fuel gas
demand at the platform into the reservoir simula-
tion model.

b. Integration of the main topside separation stages
within the reservoir simulation model.

3) Validation:

a. Validation of the proxy embedded in the reservoir
simulation model through comparison with
eCalc™ results.

b. Validation of the incorporation of separation stages
into the reservoir model through mass balance
analysis.

4) Evaluation:

a. Sensitivity analysis to assess the impact of energy
demand and CO, emissions costs on field indica-
tors and NPV.

b. Life-cycle optimization considering both the full
and partial recycling approaches to assess the im-
pact of integrating energy demand into the models.
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Applications

The integrated reservoir, topside, and energy modeling
framework was applied to the UNISIM-II-D-CO
benchmark. Reservoir simulations were conducted
using the compositional simulator CMG GEM
v.2024.30. Topside process simulations were per-
formed using NeqSim v.3.0.12 to ensure flow-rate
consistency between reservoir and surface processes.
eCalc™ v.9.10 was used to estimate energy demand
and greenhouse gas emissions, as well as to generate
data for proxy model development and validation.

Results

Figure 2 validates the proxy used to dynamically esti-
mate the recycled gas rate based on the energy demand.
A strong agreement is observed between the proxy
results throughout the simulation and those obtained
from eCalc™. Therefore, the proxy is considered ade-
quate for representing the energy model in this bench-
mark.
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Figure 2: Performance of the proxy used to estimate energy
demand, validated through similarity with results obtained
directly from eCalc™.

The importance of maintaining consistency in phase
separation stages between reservoir and topside simula-
tion models is illustrated in Fig. 3. In the absence of
separation stages in the reservoir model, the simulator
assumes a single separator operating under standard
conditions (1 bar and 288.7 K), resulting in mass bal-
ance discrepancies between reservoir and topside simu-
lations. Under these conditions, oil production is under-
estimated, whereas gas production is overestimated.
Incorporating phase separation stages into the reservoir
model by matching the pressure and temperature condi-
tions of the topside process leads to improved agree-
ment, ensuring consistency between the simulations.
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Figure 1: Simplified scheme of topside process proposed for the reservoir benchmark considering a fraction of produced
gas used as fuel to meet energy demand.
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“By embedding a proxy-
based energy model
directly into the reservoir
simulation, the methodo-
logy enables realistic
gas allocation analyses
without the need for
computationally expen-
sive coupling between
reservoir and topside

simulators.”
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Figure 3: Gas flow rates after phase separation, considering
only one separator under standard conditions in the reser-
voir model (4) and the main separation stages involved in

the topside process (B).

Life-cycle optimization was performed to compare full
and partial recycling strategies and to assess whether
key development and management variables differ
significantly between them. As shown in Figure 4, the
partial recycling solution yields a similar NPV while
reducing energy demand and CO: emissions. As ex-
pected, the partial recycling scenario results in lower
gas production over time, since less gas is reinjected
into the reservoir. The reduced gas injection volume
decreases microscopic displacement efficiency, as oil-
gas miscibility promotes oil swelling and viscosity
reduction. Although oil recovery is lower under partial
recycling, the reduction in gas- and water-related costs
results in an NPV comparable to that of full recycling.
In addition, fuel demand and CO: emissions are nearly
10% lower due to reduced gas and water production.
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Figure 4: Percentage deviation of field indicators and NPV
for the partial recycling case relative to full recycling.
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When an OPEX associated with energy demand was
incorporated into the cash flow of the full recycling
solution, the NPV was reduced by 13.2%.

Finally, the solution obtained from the partial recycling
optimization allowed some injectors to operate with
longer WAG cycle times and resulted in lower GOR
values in the producing wells. These effects are attribut-
ed to reduced gas and water production rates compared
to the full recycling scenario.

Conclusions

This study presents an integrated topside energy model
coupled with the UNISIM-II-D-CO benchmark. The
results demonstrate that the eCalc™-based proxy can be
effectively embedded into reservoir simulations, elimi-
nating the need for computationally expensive simula-
tor coupling. The findings highlight the importance of
consistent phase separation modeling between reservoir
and topside systems to ensure realistic flow rates and
fluid compositions, particularly in gas reinjection sce-
narios. Optimization results show that allocating part of
the produced gas as fuel improves both energy efficien-
cy and economic performance compared to full gas
recycling. Furthermore, key variables such as well
placement, WAG cycle time, GOR constraints, and CO-
pricing significantly influence field performance and
project economics. Overall, this work provides valuable
insights into the trade-offs among production, energy
demand, and environmental impact, supporting the
development of integrated reservoir—topside modeling
approaches.
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