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ABSTRACT 
This study aims to evaluate how well management impacts reservoir performance, energy demand, and carbon 
emissions considering integrated simulations in life cycle through long-term control rules and short-term 
optimization of reservoir with production system. The case study is a benchmark case representing a restricted 
offshore production platform with fluid treatment, water injection, and gas compression. The well controls are 
choke valves and variable gas lift injection rates. Unintegrated well management was compared in different 
scenarios for life cycle control rules and closed-loop cycle management using oil production optimization 
methods. For integrated management, results such as cumulative oil production and energy demand were 
similar to unintegrated (differences up to 5% and 1% respectively) for all life cycle scenarios. Considering gas 
processing capacity, particularly the gas rate required for gas lift, it was relevant to free up gas production 
capacity, increase oil recovery, and anticipate oil production, which is often simplified in non-integrated 
simulations. Short-term production optimization resulted in a greater oil anticipation (up to 10%), but lower 
recovery factor. The total carbon emission showed significant differences (up to 20%) due to the total gas 
compression, including gas lift. The results confirmed that assessment of gas processing capacity with 
integration that evolves artificial lift methods is important to forecast accurately production, energy 
consumption, and GHG emissions, especially in projects with restricted capacity. Implementing a more realistic 
oil optimization problem involving choke operating and gas injection proved to be quite complex and time-
consuming in integrated simulation. 

KEYWORDS 
reservoir; production system; simulation; coupling 

 

                                                           
1 To whom all correspondence should be addressed. 

Address: Universidade Estadual de Campinas - UNICAMP, CEPETRO, Rua Cora Coralina 350, Cidade Universitária, Campinas - SP, 
Brasil. 
ZIP Code: 13.083-896 | e-mail: hohendorff@cepetro.unicamp.br 
doi:10.5419/bjpg2024-0016 

mailto:hohendorff@cepetro.unicamp.br


BRAZILIAN JOURNAL OF PETROLEUM AND GAS | v. 18 n. 4 | p. 237-254 | 2024 | ISSN 1982-0593 

 
238 

1. INTRODUCTION 

Offshore oil and gas production, which involves 
extraction of subsea oil and gas, is a critical 
component of the world's energy supply. This 
process requires increasingly sophisticated 
technology and greater attention to its related 
environmental impacts (API, 2021). 

The current Brazilian oil and gas productive and 
economic scenario, for instance, poses enormous 
challenges. These include discoveries of carbonate 
reservoirs in ultra-deep waters far from the coast, 
overlapped with sandstone reservoirs with distinct 
characteristics, and the growing need to optimize 
several offshore production systems while sharing 
limited infrastructure for different projects (Fraga 
et al., 2015). 

The exploitation of these types of fields 
undergoes a rigorous decision-making process, 
which involves the definition of production 
development projects based on methodologies to 
optimize objective functions such as net present 
value (NPV) and oil recovery. This process focuses 
increasingly on energy transition efforts and it 
contributes to achieving a future net zero balance. 

To address the challenges of production 
strategy selection, life cycle optimization (LCO) is 
the traditional approach, which generally applies 
hierarchical procedures given the complexity of the 
problem (Schiozer et al., 2019; Schiozer et al., 
2024). The idea is to focus on the variables that can 
be changed or are important during the closed-
loop cycle. G2C (close-loop cycle management) 
rules are based on G2L rules but are specifically 
tailored for the short-term cycle, acting as a 
“refinement” of these rules during the cycle’s 
timeframe. The G3C (field revitalization) can be 
part of CLCO. The parameters to be optimized are 
dependent on each case and are guided by short-
term objective functions (OFS) such as oil 
production, gas exportation, and CO2 emission. 

For a robust analysis of oil and gas production 
systems in a technological, economic, and 
environmental context, studies like these must be 
represented through integrated systems modeling. 
The integration between the reservoir and the 
production system can influence the process of 
selecting an optimal production strategy (Pathak et 
al., 2016; Victorino et al., 2022; von Hohendorff 
Filho & Schiozer, 2018). 

However, integration could expand the scope of 
G2L optimization by including the control variables 
of the production system (i.e. gas injection rate for 
gas lift, frequency of pumps, and choke valves 
aperture), and its application has frequently been 
simplified or neglected. Many integrated LCO 
reservoir studies inadequately assess gas 
management on the platform (Cotrim et al., 2011; 
Victorino et al., 2022; von Hohendorff Filho & 
Schiozer, 2018). To the best of our knowledge, 
there are no studies evaluating the impact of this 
simplification, where integration seems to be 
particularly relevant. 

1.1 Life cycle control rules (G2L) 

G2L should be defined based on a control rule, 
which can be seen as an event (observed or 
measured) that triggers a reactive or proactive 
action (Schiozer et al., 2019). The control is 
normally triggered by a monitored variable such as 
water breakthrough, a water cut limit, or a gas-oil 
ratio limit. 

From the perspective of reservoir engineering 
concerning the life cycle production of an offshore 
production facility, the standard problem involves 
operational constraints (i.e. platform capacity, 
bottom-hole pressure, and rate limits) which also 
impact G2L management. Specifically, when 
platforms are operating under restriction, there are 
more possibilities to control G2L without reducing 
or delaying the injection and production of fluids in 
the field. 

Some authors tested control rules to define 
apportionment rates among wells in the simulator 
(Santos & Schiozer, 2017). These rules operate 
only when facility capacity (a platform or a group) 
constrains the production or injection of any fluid. 
In reservoir simulations, these rules are simplified 
in well priority control rules, generally applying an 
adjustment by volumetric apportionment and not 
considering artificial lifting methods and gas 
processing capacities. The authors concluded that 
the control of G2L impacts greatly the economic 
return, depending on the situation in which it is 
employed. This result would serve as a basis for 
deciding, in future work, when a more in-depth 
analysis of G2L is necessary. However, researchers 
also observed that, in the studied cases, the 
expected monetary value (EMV) and the NPV 
increased without additional expenses, suggesting 
that it may be useful to optimize G2L at some point 
in the useful life of the field. 
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Other authors showed that short-term 
optimization (G2C) also aiming to optimize the long 
term (G2L) can render benefits to both periods 
analyzed. They commented that many papers have 
shown the benefits of short-term optimization, but 
failed to consider the long-term effects. The article 
by Pinto et al. (2015) shows that we can increase 
oil production in the short term and in the long 
term by maximizing the NPV of the field. 

A recent study introduces a methodology to 
calibrate, modify, and develop effective 
optimization techniques for petroleum long-term 
production optimization. Applying it in a real case, 
the research reveals how effects of apportionment-
based studies can affect economics (Danes et al., 
2024). 

1.2 Closed-loop cycle management (G2C) 

The goal of short-term optimization is to 
determine improved control settings to maximize 
oil and gas revenue and decrease water 
production, for instance. Typically, control 
variables for optimization are set to well bottom 
hole pressures and/or production and injection 
rates for a group of wells at specific dates. As with 
the well placement problem, many methodologies 
have been used to solve control parameter 
optimization problem, both derivative-free and 
gradient-based (Baumann et al., 2020). 

From the perspective of production engineering 
related to the daily operations of a typical offshore 
production facility, the standard problem can be 
framed as a short-term production optimization, 
described by the following steps (Ribeiro, 2014; 
Ribeiro et al., 2016; Teixeira et al., 2013): 

1. Maximize total oil production from producing 
wells. 

2. Honor gas processing capacity restriction, which 
is equal to the sum of the gas rates produced by 
each well plus the sum of the gas injection rate 
for gas lift minus the flare rate, which must be 
less than or equal to the gas compression 
capacity of the platform. 

3. Honor the gas export rate, which is the sum of 
the gas production rates minus the flaring rate 
and the turbine consumption (for electric power 
generation). 

4. Honor minimum and maximum limits for gas 
export and flaring. 

5. Honor restriction of maximum water and liquid 
flows. 

Figure 1 includes a diagram that shows the main 
components of a primary fluid processing unit on 
an offshore platform composed of equipment to 
separate, treat, process, transfer, reuse, and 
discard fluids. 

 

Figure 1. Flowchart of primary processing of fluids from oil producer wells on an offshore platform. 
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For the problem presented, the main 
operational variables (G2C) of a well include its 
status (open/closed), inlet pressure at the platform 
(commonly associated with surface production 
choke pressure), and the gas injection rate for gas 
lift (assuming sufficient pressure for injection into 
the gas lift valve). These operational settings, when 
applied to each well, would govern the 
"instantaneous" production of well fluids. 

Incorporating the short-term problem 
optimization within the integrated simulation 
would be quite relevant as it would offer a more 
robust response to the behavior of the production 
system throughout the production forecast. As 
mentioned earlier, the short term can have a long-
term impact. 

1.3 Gas lift optimization 

Gas lift is used to increase production by 
injecting gas into well production columns or at the 
base of the riser of platforms in deep offshore 
fields. Optimal gas injection rates exist for a 
maximum production flow due to friction pressure 
losses, corrosion in pipes, and limited amount of 
gas. The main objectives are to maximize 
production using the available but limited gas for 
gas lift, increase sales of surplus gas, improve the 
description of the dynamic behavior of the 
reservoir and optimize the field development 
project (Samier, 2010). 

Samier (2012) commented that several 
algorithms have been proposed in the literature to 
optimize gas-lift within a group of wells, but very 
few are suitable for development studies of long-
term reservoirs with gas elevation injection within 
a network. 

In short-term optimization, the problem of 
optimizing the processing system can be 
decomposed into a sub-problem that is the 
dynamic optimization of the gas rate for gas lift in a 
group of wells, which is present in traditional 
reservoir simulators. 

Commercial reservoir simulators provide built-in 
optimization tools that are convenient for 
increasing gas lift injection rate in well connections.  
However, optimizing the increasing gas injection 
rate within a network with additional gas rate in 
the flowlines becomes much more complicated. 
Each time an increment of lifting gas is added or 

subtracted, the entire network must be rebalanced 
with the appropriate gas lift rate to recalculate the 
change in the field's oil production flow. 

As previously mentioned, the gas injection rate 
for gas lift is part of the total gas restriction of the 
platform, determined by the gas compression 
capacity. This gas lift fraction has so far been 
simplified in studies of integrated optimization of 
production strategies (Carneiro et al., 2020; Dobbs 
et al., 2011; Hohendorff Filho & Schiozer, 2017; 
Narahara et al., 2006; Samier, 2010; Sierra et al., 
2015) given the complexity of the short-term 
optimization problem. Separate values are defined 
for the gas rates used for total production and 
reinjection (group control of producing wells and 
injectors), and for gas injection rate specific to gas 
lift (gas lift optimization options). Generally, to 
assess the impact of artificial lift on the wells’ 
deliverability for the studied scenarios, a fixed gas 
injection rate for lift gas per well has been adopted. 
This approach can have a significant impact on field 
performance if these values are not properly 
configured throughout the integrated model 
simulation, especially in reservoirs constrained by 
gas capacity. 

According to some authors, the dynamic 
optimization of gas lift can be performed through 
various methods, ranging from simple 
maximization methods up to more sophisticated 
optimization schemes, such as mixed integer 
nonlinear programming (Rashid et al., 2012). 
Several methods can be used for the maximization 
of the nonlinear function: sequential linear 
programming, sequential quadratic programming, 
dynamic programming, mixed integer linear 
programming (MILP), Genetic Algorithm, Taboo-
Search, Polytope (without derivatives), and 
Newton-based methods (with derivatives). For 
integrated simulation, fast schematics are crucial to 
ensure speed, stability, and versatility of an 
optimization solution within the integration time 
step. 

Rashid et al. (2012) stated that, in general, the 
effectiveness of any adopted approach should 
consider the scalability of the solution method 
(cost of the objective function) with increasing 
dimensionality, along with the efficiency of the 
evaluation (use of the model) to minimize 
computational costs. 
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Other available methods suggested were 
Powell, Levenberg-Marquardt, Gauss-Newton, 
Steepest-Descent, BFGS, experimental design, and 
Ensemble Kalman Filter (Samier, 2010). The author 
cites evolutionary algorithms and adjunct methods 
but does not present related tests. 

Camponogara and Nakashima (2006) proposed 
an alternative linear part-based model for the 
injection gas allocation problem for scenarios with 
restrictions on gas availability, lower and upper 
limits for injection into each well, and treatment of 
non-concave performance curves. 

Gas lift optimization poses a computationally 
challenging problem for most derivative-based 
optimizers, as some of the governing equations and 
models representing the gas-lifted asset could be 
very nonlinear, physically or mathematically 
discontinuous, and the system may not have a 
solution under some of the conditions proposed by 
the optimizer due to physical operational 
restrictions or infeasibility. Khoshkbarchi et al. 
(2020) investigated a mesh adaptive direct search 
derivative free optimization technique to 
ameliorate gas-lift problems in integrated 
reservoirs, wells, and production facilities 
environments. 

As noted above, many studies addressing 
integrated reservoirs fail to evaluate gas 
management on the platform properly, especially 
those related to gas lift optimization. This 
evaluation point is important to incorporate 
correctly the processes that occur on the platform. 

1.4 Energy demand and greenhouse gas 
emissions 

Estimating energy demand and GHG emissions 
from oil and gas production and processing is now 
an important task to support decisions made by 
energy companies. These evaluations help reduce 
GHG emissions and increase operational efficiency 
while developing a low-carbon culture and 
minimizing climate change impacts (IPIECA, 2023). 

Beck (2000) presented one of the first 
methodologies for forecasting emissions into the 
atmosphere from offshore oil and gas production, 
which enables oil companies to establish reliable 
forecasts of, for instance, CO2 and NOx emissions 
from offshore oil and gas fields that use fossil fuels 
for power generation. 

Since 2009, American Petroleum Institute has 
detailed methodologies for natural gas and oil 
industry segments to estimate consistently direct 
GHG emissions along the entire value chain (API, 
2021). 

To assist energy companies, Skjerve et al. 
(2022) developed an open-source tool for high-
quality emission forecasting. This tool integrates 
subsurface and operational knowledge to calculate 
emission forecasts directly relating drainage 
strategy to operational strategies and equipment. 
Emissions, particularly of CO2, directly related to 
reservoir drainage vary with reservoir production 
rates, pressures, and process assumptions. 

The main recommendation of experts for the 
E&P sector, as a contribution to the reduction of 
GHG emissions, is related to improving the use of 
the gas produced in the facilities of the platforms 
themselves. A good management of the 
maintenance and monitoring of on-board 
equipment contribute to the reduction of CO2 
emissions in E&P operations (Geraldi et al., 2022). 

Gallo et al. (2017) proposed the diagnosis of the 
compression systems adopted in a proposed FPSO 
(Floating Production Storage and Offloading). The 
results offer opportunities to increase the exergy 
(the measure of the maximum work a system can 
perform when it is brought into equilibrium with a 
reference environment) efficiency of some 
processes, in addition to reducing fuel gas 
consumption and greenhouse gas emissions. 

Any artificial lift method demands energy to 
increase hydrocarbon production. Particularly in 
offshore infrastructures, this energy demand and 
the GHG emissions are tied closely to power 
generation. 

To the best of our knowledge, no study has 
quantified the impacts of well management (G2L 
and G2C) for integrated reservoir and production 
system on energy demand and GHG emissions. 
Therefore, evaluating the selection and 
implementation of these well management 
practices can be important for assessing project 
risk and scenario choices to enhance project 
viability and sustainability, ensuring adequate 
financial and production returns. 

In this work, short and long term impacts of well 
management methodologies are evaluated through 
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integrated reservoir simulation with production 
system using gas lift as artificial lift method in a 
benchmark case, evaluating reservoir performance, 
energy demand, and carbon emissions. 

 

2. METHODOLOGY 

The problem considered in this work involves 
comparing integrated well management in six 
scenarios for an offshore platform constrained by 
gas compression, liquid production, and water 
injection using variables G2L and G2C typically 
employed in reservoir and production system 
simulations: 

1. G2L-1 integrated without gas lift to utilize the 
entire gas production capacity of the platform. 

2. G2L-2 integrated with fixed gas injection rate for 
gas lift, statically discounting the value at the 
gas compressor capacity (most common 
approach). 

3. G2L-3 integrated with reactive gas lift control, 
dynamically discounting the value at the gas 
compressor capacity. 

4. G2C-4 integrated with proactive gas lift control, 
dynamically discounting the value at the gas 
compressor capacity (most realistic) using direct 
search. 

5. G2C-5 integrated with proactive gas lift control, 
dynamically discounting the value at the gas 
compressor capacity (most realistic) using MILP. 

6. G2C-6 integrated with proactive gas lift control 
using binary integer programming, statically 
discounting the value at the gas compressor 
capacity. 

These different well management scenarios are 
compared based on reservoir performance results 
in the life cycle with an unintegrated model. The 
indicators evaluated in this study are cumulative oil 
production (Np), updated cumulative oil 
production (Npa), energy demand (ED), and total 
carbon emissions (TCE). Computational times and 
number of integration time steps are evaluated to 
verify their impact on integration. 

2.1 Gas lift optimization problem 

For G2C-4 and G2C-5 proactive management 
rules, the complete gas lift optimization problem 

(Teixeira et al., 2013) can be set as the oil 
optimization described by Eq. (1): 
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where qo denotes the oil flow rate produced by the 
well, y is a binary variable defining the status of 
each well (opened or closed), whp denotes the 
pressure upstream of the topside production choke 
valve of each well, and qglift denotes the gas lift 
flow rate of each well. 

To represent the separation limits of different 
phases in the platform, Equations (2) and (3) 
describe water and liquid restrictions: 
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where qw denotes the water flow rate produced by 
the well, and qwmax and qlmax are parameters used 
to restrict the objective function and represent the 
maximum water and liquid flow rate of the 
platform, respectively. 

To represent the gas compression capacity, Eq. 
(4) describes gas restriction: 

      
             

         
  

 

   

              (4) 

where qgn denotes the gas flow rate produced by 
the well n, qgtc is a parameter representing the 
platform gas handling capacity, and qgflare denotes 
the flaring gas flow rate. 

Lower and upper bounds in the binary variable, 
the gas lift flow rate and the pressure upstream 
topside production choke valve are represented by 
Equations (5) to (7), respectively. 

                  (5) 

                   (6) 

        
            (7) 

where qgliftmax defines the upper bound for gas lift 
flow rate, whpmin and whpmax define the lower and 
upper bound for the pressure upstream topside 
production choke valve, respectively. 
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Fuel consumption in turbine, gas exportation, 
and reinjection are relevant to the economic 
evaluation, but are out of the scope of this work. 

To develop G2L-3 reactive management rule, 
the gas lift optimization problem can be handled by 
a simplified formulation described in Eq. (8) 
derived from Eq. (4), where LHS term is calculated 
and applied only for the next gas lift evaluation: 

      
  

  
          

             
   

    

   
 
     

 (8) 

assuming one well opening at the next time 
evaluation, with gas rate smaller than actual total 
gas production, and same gas lift flow rate for all 
wells. 

 

3. APPLICATION 

In this work, the proposed methodology is 
applied to the UNISIM-I-M benchmark, which is a 
case study for optimization of management 
variables of an oil production strategy (Gaspar et 
al., 2016). UNISIM-I-MI, derived from UNISIM-I-M, 
is a field management case in which the production 
system simulation model is integrated with the 
reservoir simulation model. 

It is a synthetic reservoir based on a real 
Brazilian reservoir, represented by a Black-oil 
model with 36,000 active cells. The production 
strategy spans approximately 23 years with 25 
wells, including 10 horizontal producers, 4 vertical 
producers, and 11 horizontal water injectors. It has 
2,618 days of production history data. 

The boundary conditions applied to the UNISIM-
I-MI reservoir simulation model for surface 
installations are maximum oil rate of 15,500 
m³/day, maximum water rate of 13,950 m³/day, 
maximum liquid rate of 15,500 m³/day, and 
maximum water rate for injection of 21,700 
m³/day. Additionally, a maximum gas compression 
rate of 2 million m³/day is included in the 
benchmark, maintaining the same behavior as the 
original case. 

The details related to the consideration of the 
production system are described in more detail in 
Victorino et al. (2016). The platform is positioned 
in the center of the reservoir. Each satellite well 
consists of the following parts: riser with a 

diameter of 6", a production line with a diameter 
of 6", a 4.5" well production/injection column, and 
a gas lift valve for artificial lift located 200 m from 
the bottom of the well. The empirical multiphase 
flow correlations of Brill and Beggs (1991) were 
selected to model all satellite producing wells and 
Standing (1947) to model the fluids. 

For the integration between reservoir and 
production system, the explicit methodology using 
VLP (Vertical Lift Performance) tables was adopted 
(Hohendorff Filho & Schiozer, 2014). For the 
reservoir simulation, the IMEXTM 2018 simulator 
(CMG) was used. For the generation of VLP tables, 
the PTUBETM 2018 simulator (CMG) was used. To 
obtain the platform’s energy demand (ED) and CO2 
emission (TEC), the eCalc™ 2024 tool (Skjerve et 
al., 2022) was used. 

3.1 Well management methodologies 

For the well management methodology in the 
G2L-0, G2L-1, and G2L-2 context, the Wellprior 
method (Cotrim et al., 2011) was used as the 
reservoir simulator internal set of rules. This 
method helps define weights optimized for the 
operation flows of the wells. Each well is assigned a 
fraction of the stipulated value for the group, 
according to the proportion defined by the 
method. If any constraints are violated, the wells 
have their flows reduced to meet the group 
maximum value. This method does not consider 
gas injection rates for well apportionment. The 
limit for gas production is set statically by the gas 
compression capacity minus a fixed gas injection 
rate for artificial lift, which is zero in G2L-1 and 
50,000 m³/day for each well in G2L-2. 

For the well management methodology in G2L-3 
context, Wellprior method was used similarly to 
G2L-1 and G2L-2. A simplified version of gas lift 
optimization through reactive control was 
implemented in the explicit coupler program. It 
calculates a uniform gas injection rate for artificial 
lift for all wells calculated by gas compression 
capacity minus the gas production verified in the 
previous step, to be applied in the next integration 
step (see Eq. (1)). The maximum value of 50,000 
m³/d for each well was defined as gas injection rate 
limit. 

For the well management methodology in the 
G2C-4 and G2C-5 context, a proactive control 
based on oil optimization at the platform 
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(Equations (1) to (7)) was implemented in coupler, 
with gas injection rate for artificial lift or inlet 
choke pressure (for production restriction) at time 
intervals. This optimization includes dynamic 
evaluation of gas compression capacities and the 
total gas available for artificial lift. For G2C-4, it is 
based on direct search using MCC (Khandan & 
Delkhosh, 2014) with advancement in opposite 
directions, using discrete search space. Well shut-in 
is not allowed during optimization, and fuel 
consumption in the turbine and exported gas were 
not considered as restrictions. For G2C-5, the 
approach is based on mixed integer linear 
programming (MILP) solver using CBC solver 
(Lougee-Heimer, 2003) to reach maximum oil 
production with all discrete combinations, like 
what was done in Teixeira et al. (2013). For G2C-6, 
a simple optimization procedure determines the 
incremental oil production gains for lift gas 
fractions to each well. These gains are sorted and 
allocated sequentially for each well until the gas lift 
sum fits the entire gas volume. 

For the discrete search, the values for inlet 
choke valve pressure were set at 95, 75, 55, 35, 
and 15 kgf/cm², followed by gas injection rates for 
artificial lift set at 0, 50, 100, 150, and 200 
thousand m³/day. Flaring was considered outside 
the optimization problem for its comparison 
between the methodologies. 

The discount tax used for actualized cumulative 
oil production was 9% (Gaspar et al., 2016). 

3.2 Surface facility energy model 

The energy model consists of a single 
installation with facilities requiring both electrical 
energy and fuel combustion energy. A generator 
supplies electrical energy for the base production 
load and for two water injection pumps in parallel, 
fed by both produced water from the reservoir and 
seawater. Additionally, gas fuel powers three gas 
turbine-driven compressor trains operating in 
parallel. Consequently, CO2 emissions are mainly 
associated with these two components and the 
flare, which are largely dependent on gas 
production and water injection. Figure 2 provides a 
diagram of the surface facility energy model. Table 
1 offers a description of each element (Skjerve et 
al., 2022). 

A pump chart table was used to relate liquid 
flow, head, and efficiency for the pump, as well as 
to define the operational envelope for the pump 
(Figure 3). This pump is a variable energy consumer 
and its energy function is dependent on the field 
water production rate. 

Gas compression is another variable energy 
consumer, with its energy function dependent on 
both the produced gas rate and lift gas. The 
compression system comprises three parallel 
compressors, which operate based on the gas flow 
rate. For instance, the second compressor activates 
only when the gas flow rate exceeds the maximum 
capacity of the first compressor, at which point the 
flow rate is equally divided between the two 

 

Figure 2. Diagram of surface facility energy model. 
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compressors. Similarly, the third compressor 
engages when the combined capacity of the first 
two compressors is surpassed, and the flow rate is 
then distributed equally among all three 
compressors. This approach prevents the 
compressors from operating at low efficiency due 
to poor gas flow distribution. 

The behavior of the compressor is described by 
a polytropic compressor chart that specifies both 
the operational domain of the compressor but also 
relates volume rate, head, and efficiency (ηpoly = 
0.75) for the compressor, as shown in Figure 4. 

 

Table 2. Description of surface facility energy model. 

Equipment Description 

Generator set Variable fuel consumer with electricity to fuel function. Lower heating 
value is 38 MJ/m³ 

Base production load Constant power load 12 MW 

Gas compressor train 1 to 3 parallel gas turbine-driven compressor trains. Variable power 
consumption depending on the gas lift rate. The compressor suction 

pressure is 15 bar, the discharge pressure is 250 bar, and the Inlet 
temperature is 30

o
C 

Produced water 
reinjection and seawater 

injection pump 

Variable power consumption depending on a combination of water 
injection rate and water production rate 

Flare Constant fuel consumer rate of 10,000 m³/day 

 

Table 1. Description of surface facility energy model. 
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Generator set Variable fuel consumer with electricity to fuel function. Lower heating 
value is 38 MJ/m³ 

Base production load Constant power load 12 MW 

Gas compressor train 1 to 3 parallel gas turbine-driven compressor trains. Variable power 
consumption depending on the gas lift rate. The compressor suction 

pressure is 15 bar, the discharge pressure is 250 bar, and the Inlet 
temperature is 30

o
C 

Produced water 
reinjection and seawater 

injection pump 

Variable power consumption depending on a combination of water 
injection rate and water production rate 

Flare Constant fuel consumer rate of 10,000 m³/day 

 

 

Figure 3. Pump chart table for produced water reinjection. 

 

 
Figure 4. Polytropic compressor chart for gas compressor. 
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The diagram in Figure 5 illustrates the 
correlation between the fuel consumption in the 
generator and the power demand in the platform. 
The CO2 factor is 2.16 kg of CO2 emission per m³ of 
fuel gas burned in the generator set. 

4. RESULTS 

Figures 6 to 10 show oil, gas, water and liquid 
production, and water injection curves of the cases 
for life cycle control rules for all G2L and G2C cases. 
Despite initial differences for oil, gas, and liquid in 

 
Figure 5. Fuel consumption chart for generator set. 

 

 

Figure 6. Oil production curves of the cases in the life cycle. 

 

 
Figure 7. Gas production curves of the cases in the life cycle. 
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the early years, G2L-0, G2L-1, G2L-3, G2C-4, and 
G2C-5 converge to similar values in the long term. 
Both G2L-2 and G2C-6 present a large gas 
restriction at the beginning of production, affecting 

the other results and indicating that the platform 
limit is important. G2C-5 presents the highest oil 
production and, consequently, the latest water 
breakthrough at initial times. 

 
Figure 8. Water production curves of the cases in the life cycle. 

 

 

Figure 9. Liquid production curves of the cases in the life cycle. 

 

 

Figure 10. Water injection curves of the cases in the life cycle. 
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Figure 11 shows the gas lift rate on the platform 
for life cycle control rules for all G2L and G2C cases. 
On average, G2C-4 showed a lower demand than 
G2L-2 and GL-3, releasing gas production capacity 
in initial times. G2C-5 showed higher demand for 
gas lift, thus, affecting gas processing. 

Figure 12 shows gas compression capacity 
demand for all G2L and G2C cases. A major gas 
processing demand at the initial times was 
observed due to fixed gas injection rate in G2L-2 
and reactive control for gas lift in G2L-3. Both G2L-
0 and G2L-1 managed the gas processing below the 
compressor’s capacity. G2C-4 had intermediate 
demand and G2C-5 required the highest gas 
processing during the life cycle. 

Figure 13 shows power demand for all G2L and 
G2C cases. Similar power demand for all cases was 
observed, except for G2L-2 due to lower water 
injection demand (Figure 11). 

Figure 14 shows CO2 emission for all G2L and 
G2C cases. Good correlation was observed 
between CO2 emission and gas compression 
demand (see Figure 13). 

Table 2 shows the nominal and updated 
cumulative oil production for life cycle control rules 
for all G2L cases. Differences are verified between 
the results. The table also includes energy demand 
(ED) and total CO2 emission (TCE), with significant 
differences between values in the latter parameter. 

 
Figure 11. Demand for gas lift on the platform of the cases in the life cycle. 

 

 
Figure 12. Demand for gas compression capacity of the cases in the life cycle. 
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Table 3 presents numerical demands for total 
simulation time, reservoir simulator time, coupler 
time with optimizer in G2C cases, and integrated 
time steps. Both G2C-4 and G2C-5 demanded very 
high numbers due to more integrated time steps 
and optimization demands. The production system 
time and the number of requests to the production 
system simulator for generating VLP tables were 
not considered. 

5. DISCUSSION 

This work provides a detailed example of how 
integrated well management works on the 
platform and impacts the LCO in terms of reservoir 
performance, energy demand, and carbon 
emissions. This aspect has not been evaluated 
adequately in current studies, particularly those 

 
Figure 13. Power demand for the cases in the life cycle. 

 

 
Figure 14. CO2 emission of the cases in the life cycle. 

Table 3. Nominal and updated cumulative oil production, energy demand and total CO2 emission for life cycle 
control rules. 

Case Np 
(million m³) 

Npa 
(million m³) 

ED 
(TWh) 

TCE 
(million ton) 

Np/TCE 
(m³/ton) 

G2L-0 41.2 22.4 3.73 3.49 11.8 
G2L-1 42.7 23.9 3.78 3.54 12.1 
G2L-2 41.9 22.7 3.71 3.80 11.0 
G2L-3 42.9 24.1 3.77 3.81 11.2 
G2C-4 43.1 24.4 3.78 4.19 10.1 
G2C-5 42.5 24.7 3.78 4.19 10.1 
G2C-6 41.2 22.4 3.73 3.49 11.8 
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involving gas management for gas injection in 
artificial lift projects, energy demand, and 
greenhouse gas emission calculations. 

Comparing unintegrated case G2L-0 with 
integrated cases, integrated case with fixed gas lift 
(G2L-2) had similar oil recovery and the case 
without gas lift (G2L-1) had similar energy demand 
and CO2 emissions. For oil production to CO2 
emissions ratio, G2C-4 had similar value. 
Cumulative oil production, energy demand, and 
CO2 emissions were not correlated linearly. 

The optimization of gas processing capacities in 
the long-term and the maximum value available for 
gas lift was relevant to free up gas production 
capacity, causing anticipation of oil production 
(Figures 6 and 7). Similar values for oil recovery 
were obtained (Table 2), but there was greater Np 
(+0.4%) and Npa (+0.6%) in G2L-3 than G2L-1 
(without gas lift). In terms of energy demand and 
CO2 emissions (Figures 13 and 14), G2L-3 required 
lower ED (-0.2%) due to minor water injection 
(Figure 11). However, TCE was higher (+7.6%) due 
to gas lift rates (Figure 11) and gas compression 
(Figure 12). 

As previously commented, the non-injected gas 
lift surplus lacks adequate consideration in G2L 
studies in the calculation of total gas processing 
capacity, which should be assumed equal to 
compressor capacity. It is an important factor in 
forecasting production, especially in restrictive 
designs. 

The overall reservoir performance results were 
similar for the simulations, except in the gas 
restriction period in G2L-2. Considering the gas 
processing capacity as the design limit as well as 

the total expected flow rate of gas lift injection, 
G2L-2 would be the correct assumption for the 
model in the traditional reservoir study (Figure 12), 
since the gas lift injection rate in platform gas 
capacity was not considered. As expected, this led 
to a suboptimal oil recovery value (-1.9% in Np and 
-5.0% in Npa compared to G2L-1), which delayed 
reaching liquid restriction in the platform (Figure 
9). Some adjustment to the gas production limit is 
needed, as demonstrated by G2L-3. This 
adjustment is unusual in reservoir studies, but it 
should be introduced to improve results in gas 
compression-restricted systems. In terms of energy 
demand and CO2 emission (Figures 13 and 14), G2L-
2 demanded lower ED (-1.8%) due to minor water 
injection (Figure 10). However, TCE increased 
(+7.4%) due to gas lift rates (Figure 11) and gas 
compression (Figure 12). This method resulted in a 
lower oil production to CO2 emissions ratio (-8.6%) 
compared to G2L-1. 

This work confirms the importance of applying 
gas lift (G2L-3) to improve long-term field recovery 
(compared to G2L-1), but the gas lift management 
must be well implemented, something that is not 
easy to achieve. 

G2L has a focus on the long term, related to 
reservoir behavior, while G2C has a focus on the 
short term, related to production system behavior, 
and their objectives can conflict. This is made clear 
by Figure 6, where anticipation of oil in G2C-4 and 
G2C-5 was observed in relation to the G2L cases at 
the beginning of production, during the restriction 
period and soon after. Short-term optimization is 
very important for CLCO, with significant oil gains. 
And it was efficient in terms of liquid handling, 
delaying the water breakthrough (Figure 8). But at 
the end of production, especially for G2C-5, the 

Table 4. Total simulation time consumption for the cases and reservoir model, coupler time (with optimizer in 
G2C) and total number integrated time steps demanded. 

Case 
Total Time 

(s) 

Reservoir 

Time 

(s) 

Coupler 

Time 

(s) 

Integrated Time 

Steps 

G2L-0 661 609 52 538 

G2L-1 642 499 143 532 

G2L-2 610 474 136 517 

G2L-3 547 480 67 528 

G2C-4 9.497 3.110 6.387 4.144 

G2C-5 7.496 2.280 5.216 2.274 

G2C-6 2.566 2.365 201 524 
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higher anticipation of production (+3.5%) led to 
lower cumulative oil production even with higher 
gas lift values (Table 2). When compared to the 
G2L-1 case, G2C-4 increased Np (+0.9%) and Npa 
(+2.2%), while G2C-6 decreased Np (-1.5%) and Npa 
(-4.8%). Simplifications applied to long-term well 
management are validated, as the results for G2L-3 
fall between those of G2C-4 and G2C-6. 

In terms of energy demand and CO2 emission 
(Figures 13 and 14), G2C-4 and G2C-5 demanded 
the same ED (Figure 10) than G2L-1, but higher TCE 
(+3.1% and +18.4% respectively) due to gas lift 
rates (Figure 11) and gas compression (Figure 12). 
G2C-6 demanded lower ED (-1.5%) and high TCE 
(+8.9%). Correlations between power demand and 
water injection, and CO2 emission and gas 
compression demand were observed for all cases. 

These results lead to a multi-objective decision 
for energy companies. Achieving the highest short-
term oil recovery (G2C-5) resulted in the highest 
energy demand and greenhouse gas emissions, as 
it required more gas processing in turbine-driven 
compressors (Table 2). This method resulted in the 
lowest oil production per CO2 emitted ratio (-
16.0%) compared to G2L-1. Reducing GHG 
emissions while increasing operational efficiency 
involves selecting the most appropriate well 
management methodology that balances 
hydrocarbon production and GHG emission, as 
demonstrated by the dynamic gas lift evaluation 
using a direct search method (-2.1% in G2C-4). 

The evaluation of the problem with G2C proved 
to be quite complex. Even with few values, it is an 
integer nonlinear problem with nonlinear 
constraints. The oil flow rate is a dynamic function 
of the inlet choke valve pressure and the gas 
injection rates for artificial lift. It demanded an 
external optimizer from the reservoir simulator. 
The fact that it has integer (discrete) variables 
completely removes the convexity of the problem, 
which leads to a specific type of optimizer for 
complex optimization problems. 

How to relate G2L control rules to short-term 
G2C optimization requires more future studies, 
especially by including gas lift optimization, gas 
compression capacity, and GHG emissions. Even 
understanding that short-term optimization should 
be faster than long-term optimization because it 
has fewer variables to deal with and needs to be 
applied soon (production cycle), but diving deeper 

into the more immediate controls and achieving a 
better result (increasing production) should 
demand more time in LCO. Generally, the G2L rules 
are adopted with simplifications to be applied 
along the years. 

The optimization methods for G2C-4 and G2C-5 
evaluate all combinations of the variables with 
variation of WHP and gas lift rate, resulting in more 
coupling time per integration time step than the 
G2L rules. As these methods seek the best value 
that changes dynamically, they can result in 
variation of flow rate and pressures in wells, 
consequently in the coupler reduction of the time 
step to ensure response, increasing integrated time 
step number (Table 3). More studies are needed to 
reduce this time. 

Several aspects are important to evaluate the 
impact of well management methodologies in the 
short and long term. The integrated evaluating is 
relevant to achieve the best results in terms of 
reservoir performance, energy demand, and 
carbon emission. 

 

6. CONCLUSIONS 

This work confirms the importance of 
integration that applies gas lift to improve long-
term field recovery compared to a scenario without 
artificial lift. However, the gas lift management 
needs to be correctly implemented. 

Non-injected gas lift surplus was statically 
considered, as is done in current reservoir studies 
for defining total gas processing capacity, and this 
resulted in lower oil recovery and higher CO2 
emission. Accurately accounting for dynamic 
compressor capacity is important for forecasting 
production, especially in restrictive designs. 

Long-term well management rules related to 
reservoir behavior, and short-term rules related to 
production system behavior can have distinct 
objectives and opposing outcomes. The results 
showed significant differences in oil recovery and 
CO2 emission. As the long-term results were 
between the short-term values, the simplifications 
applied to long-term well management can be 
applicable in life cycle decision-making processes. 

Obtaining greater hydrocarbon recovery while 
reducing GHG emissions requires integrating 
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reservoir and production system with adequate 
well management to calculate accurately energy 
demand and gas emissions, coupling processing 
specifications. 

Further studies are needed to enhance the 
integration of short-term production optimization 
into life cycle simulations, particularly by including 
gas lift optimization. This is important as it affects 
directly oil recovery, gas compression capacity, and 
GHG emissions in offshore infrastructures. The 
evaluation of the gas lift optimization problem for 
G2 proved to be quite complex and time 
consuming. 

NOMENCLATURE 

BHP Bottom hole pressure, kgf/cm² 

CLCO Closed-loop cycle optimization 

ED Energy demand, Wh 

G1 Design variables 

G2 Control variables 

G2C closed-loop cycle management 

G2L Life-cycle control rules 

G2S Short-term controls 

G3 Revitalization variables 

GOR Gas oil ratio, m³/m³ 

IPM Integrated project management 

LCO Life-cycle optimization 

MCC Methods of Cyclic Coordinate 

MILP Mixed integer linear programming 

Np Cumulative oil production, m³ 

NPa Actualized cumulative oil production, m³ 

NPV Net present value 

nw Number of well slots 

OF Objective function 

Qg Gas production rate, m³/day 

Ql Liquid rate, m³/day 

Qo Oil production rate, m³/day 

Qwi Water injection rate, m³/day 

RF Recovery factor 

TCE Total CO2 emission, ton 

WHP Well head pressure, kgf/cm² 
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