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Traditional approaches don't optimize for both

The Challenge

11 June 2025 Introduction 3
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 Conflicting Goals

ÁOil and gas still accounts for around 80% of global energy demand and will remain 
essential through 2050 1

ÁGlobal energy demand growing ~ 30% anticipated increase  between 2023 and 2050 1 



Optimal Solution for one may be suboptimal for another

The Challenge
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1. International Energy Agency (IEA). (2023). World Energy Outlook 2024. International Energy Agency. Retrieved from https://www.iea.org/reports/world-energy-outlook-2024

ÁGlobal energy demand growing ~ 30% anticipated increase  between 2023 and 2050 1 

Cumulative Oil 
Production

CO2 Emission 
Equivalent

 Geological Uncertainty
Reservoir heterogeneity introduces large uncertainty in outcomes

ÁOil and gas still accounts for around 80% of global energy demand, they will remain 
essential through 2050 1



Background & Motivation
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Á Carbon pricing and emissions targets are reshaping field development

Á Ignoring uncertainty or COϜ risks non-compliance and inefficiency

Á Strategies must now balance recovery and sustainability

Maximising Oil Production
Minimising CO 2 Emission 

Cumulative Oil 
Production

Tonne CO2 
Equivalent

Why does this matter?



Aim
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Maximize Field 
Recovery

considering geological uncertainty

Minimize CO2 
Emission

Multi -objective Optimization of reservoir development of a benchmark field case

ref : https://geodatascience.hw.ac.uk/watt -field-data-set/

https://geodatascience.hw.ac.uk/watt-field-data-set/
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Watt Field Benchmark Reservoir Case

11 June 2025 Case Study 15
ref : https://geodatascience.hw.ac.uk/watt -field-data-set/

https://geodatascience.hw.ac.uk/watt-field-data-set/


Watt Field Geological Uncertainty

11 June 2025 Case Study 16
Ref :  https://geodatascience.hw.ac.uk/watt -field-data-set/

Top 
structure

Fault 
network

Grid 
resolution

Facies 
identification

Poros & 
perm

Facies 
modelling

Rel.  
perms

Total: 216 Model realisations

https://geodatascience.hw.ac.uk/watt-field-data-set/


Spread of Reservoir Dynamics over Realisations

Á216 Model realisations from a combination of geological uncertainties

11 June 2025 Methodology 17
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Carbon Emission: Sources (per Well)

11 June 2025 Carbon emission calculation 19

Sea Water

Gas Lift 
Compressor

Production Well Separator Glycol Dehydration 
Unit

Gas Transmission 
Compressor Unit

Dewatering 
Heater Oil Stabiliser

Water Treatment 
Facility

Injection Well
Water Injection 

Pump

Export/Domestic 
Use

Oil (RD+GLA)

Oil (RD+GLA) Oil (RD+GLA)Water

Water

Water Water

Gas Gas Gas Gas

RD: Reservoir 
Depletion

GLA: 
Gas Lift Assisted

Ref: Oil Production Greenhouse gas Emissions Estimator (OPGEE)

Oil+
Gas+
Water



Carbon Emission across all models

11 June 2025 Carbon emission calculation 20
Ref: Oil Production Greenhouse gas Emissions Estimator (OPGEE)

216 Model showing carbon intensity integrated into the models



Simulation and Optimisation parameters 

11 June 2025 Methodology 21

Objective Functions

Á Total Oil Production
Á Total CO2 emission

Development Controls

ÁProduction rate 
ÁGas lift assisted 
production rate 

ÁGas lift injection rate
ÁBottomhole Pressure 
ÁTubing Head Pressure
ÁWater injection rate

Á Dim: 291 x 63 x 80
Á Grids: 1466640 
Á Optimization Algorithm: 

Particle Swarm optimization

Simulation

Wells grouped for better field control



22

CO2 Emission Optimisation Workflow

Data 
collection & 
integration

Collect data, 
Define objective 
function and 
dynamic metrics

лм

Reservoir 
Characterization

Generate multiple 
Model realizations 

from the  
combination of the 

geological 
uncertainties

02

Model Simulation 
+CO2 footprint

{ƛƳǳƭŀǘŜ 
ƳƻŘŜƭǎ ǿƛǘƘ 
ǘƘŜ 

ŀǎǎƻŎƛŀǘŜŘ  
/hн ŦƻƻǘǇǊƛƴǘ

03

Representative 
Model Selection

/ƻƴŘǳŎǘ ŎƭǳǎǘŜǊ 
ŀƴŀƭȅǎƛǎ ŀƴŘ 
ǎŜƭŜŎǘ 

ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ 
ƳƻŘŜƭǎ

04

Optimization 
under 

uncertainty

Optimize 
selected 

production 
scenarios and 
ǎŜƭŜŎǘ άōŜǎǘέ 

model for each 
cluster

05

{ŜƭŜŎǘ 
ŘŜǾŜƭƻǇƳŜƴǘ 

ǎǘǊŀǘŜƎȅ ŀƴŘ ƳŀƪŜ 
ŘŜŎƛǎƛƻƴ ƻƴ ǘƘŜ 
ƻǇǘƛƳŀƭ ǎƻƭǳǘƛƻƴ

Decision 
Making

06



Representative model selection by clustering

11 June 2025 Methodology 23

Representative model selection is required due to time and computational constraints 
Clustering: A method of grouping a set of objects by similarity
Representative Model selection process carried out based on K means clustering

216 Models 9 Models



Cluster Analysis

11 June 2025 Methodology 24

Combined: total CO 2 emission, total 
oil production, total gas production, 
total gas lift injection, and total 
water production

Cluster Metrics

Total CO2 emission

Total oil production

Total water production

Total gas lift injection

Water cut

Why multiple cluster metrics?

Á Ensure Comprehensive Representation
Á Account for Multiple Factors
Á Improve Optimization Accuracy

Optimal number of clusters selected using 
the K-means 

What Similarity do we group the 
models by? 



Representative Model by Combined Metrics

11 June 2025 Methodology 25
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Balance Reservoir Development Criteria
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Minimise CO2 Emission

with Multi Objective optimisation (MOO)

Non-dominated Pareto solutions

Pareto front ð models best at least in one criterion

X4

X2
X1

X3

Dominated solutions

Xi Solutions



Balance Reservoir Development Criteria

11 June 2025 Result 28

Áoverlay of six metric 
spaces shows 
excellent 
topological 
coherence

ÁCombined Metric 
Pareto solutions 
showed a wide 
spread of reservoir 
and emission 
dynamics



Optimization Under Uncertainty

11 June 2025 Workflow 29

https://github.com/EarthSciTech/MOPSO

\LƴǘŜǊǇǊŜǘŀǘƛƻƴStructural 
Model

Reservoir/Dynamic ModellingDepositional Optimization ǾŀƭƛŘŀǘƛƻƴ
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Selection criteria for òbestó Solution 

11 June 2025 Result 31

Optimal solutions selected 
based on 3 decision criteria:

ÇCriterion 1: Intensity Cap 
0.43 ton CO2 per bbl. oil 
(Environmental Protection 
Agency)

ÇCriterion 2 : Absolute 
Budget 2e8 ton CO2 eq 
(arbitrary)

ÇCriterion 3 : Decline 
Trajectory CO2 emission 
decline by 45% 
(Intergovernmental panel on 
climate change)



Boxplot of Oil Production for all solutions 

11 June 2025 Result 32

Median oil increases 
monotonically from C1 to 
C3 (+20 % relative to C1)

The inter-quartile range 
also widens (IQR: 11 ×  10³ 
STB in C1 ˑ 14 × 10³ STB 
in C3)

ÇC1: Intensity cap

ÇC2: Absolute budget 

ÇC3: Decline trajectory
C1             C2              C3



Boxplot of CO2 Emissions for all solutions 

11 June 2025 Result 33

Total COϜ rises by æ30 % 
between C1 and C3, 

yet the oil -weighted 
intensity still falls (0.43 ˑ 
0.42 ˑ 0.41 t COϜ bblϖ¹).

ÇC1: Intensity cap

ÇC2: Absolute budget 

ÇC3: Decline trajectory

C1             C2                 C3



Summary

11 June 2025 Result 34

Áup to Ò25% 
variability in oil 
production across 
realizations due to 
geological 
uncertainty

ÁTotal CO2 emissions 
ranging only 
modestlyñfrom 
~2.3 ×  10ˈ t in C1 to 
~3.0 ×  10ˈ t in C3 
despite wide oil 
production spread 

Áworkflow delivers 
solutions that 
performed robustly 
across 216 
geological models 
realizations.

ÁOil production 
increased by up to 
30%

ÁTotal COϜ emissions 
rose only ~15%

ÁNet improvement in 
COϜ intensity (from 
0.43 to 0.41 t COϜ/bbl)

Á C1 (intensity cap): Lower 
emissions (~2.3 ×  10ˈ t) with 
moderate oil

Á C2 (absolute cap): ~15% 
more oil with slight emissions 
increase

Á C3 (decline target): Highest 
median oil (~71,000 STB) with 
COϜ still within practical limits

Conclusion



Conclusion

11 June 2025 Conclusion 35

Integrated Workflow
Combines clustering, emissions 
modelling, and optimization into a 
single feedback loop.

Uncertainty-Aware Optimization
Solutions optimized across representative 
realizations. Not just post -screened, but 
robust by design.

Policy-Driven Screening
Introduces intensity caps, cumulative 
budgets,
and COϜ-decline targets into engineering 
optimization

C1         C2      C3



Thank you
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Process Flow Diagram PPT Template Sensitivity



Grouping of Well Controls
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Injector Group (3)

Producer Group (5)

Wells grouped for better 
control of the field

Ç 16 Producer wells 

Ç 7 Injector wells

Grouping b ased on 
pressure difference 
streamlines traced from 
injectors

Streamlines

1
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1

2

о

4

5



Cluster Analysis
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Combined metrics: 

Total CO2 emission 
Total oil production
Total gas production 
Total gas lift injection 
Total water production
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4

6

р
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8
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Carbon Intensity or CO2 Emission  = EF * E/1000000    ( tonne CO2 eq)

 

Carbon Emission: Sources (per processed fluid)
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Ref: Oil Production Greenhouse gas Emissions Estimator (OPGEE)
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Uhvhuyrlu 
Ghsohwlrq Rlo

Gas Lift 
Assisted Oil

Gas

Water

Separators, Dewatering 
Heaters, and Oil 
Stabilisers

Separators, Dewatering 
Heaters, and Oil Stabilisers

Separators, Glycol 
Dehydration Unit, Gas 
Transmission Compressor 
Unit, Gas Lift Compressors
Separators, Dewatering 
Heaters, Water Treatment 
Facility, and Water Injection 
Pumps

EF =CO2 Emission Factor
        (g CO2 eq / MJ)

E =Energy Consumption
       (MJ)

1,000,000 = conversion 
    to tonne



Balance Reservoir Development Criteria
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Low-emission 

Regime:



Balance Reservoir Development Criteria
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Transitional 

Regime:



Balance Reservoir Development Criteria
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High Production 

regime:



Variability of the òbestó solutions 
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Optimal solutions selected 
based on 3 decision criteria:

ÇCriterion 1: Intensity Cap 
0.43 ton CO2 per bbl. oil 
(Environmental Protection 
Agency)

ÇCriterion 2: Absolute 
Budget 2e8 ton CO2 eq 
(arbitrary)

ÇCriterion 3: Decline 
Trajectory CO2 emission 
decline by 45% 
(Intergovernmental panel on 
climate change)



Fault Model Grid

Description of All representative models
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1 2 3

CO2Oil

WaterGas Lift Injection Watercut

Combined

1 2 3



Grid

Combined Metric
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Fault Model: Showing fault location, 
dimensions and connectivity 

FaultModel1: 9 major East to West trending 
faults 1 sub-seismic trending North to South 

FaultModel2: 9 major faults all trending East 
to West

FM3: 9 major faults and 20 sub-seismic 
faults which are trending North to South 
with displacements less than 10m

1 2 3

Description of all 9 representative models selected



Simulation and Optimisation parameters 
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Objective Functions

Ç Total Oil Production
Ç Total CO2 emission

Development Controls

Ç Production rate 
Ç Gas lift assisted 

production rate 
Ç Gas lift injection rate
Ç Bottomhole Pressure 
Ç Tubing Head Pressure
ÇWater injection rate

Dim: 291 x 63 x 80
Grids: 1466640 (855732 active)
Optimization Algorithm: Particle Swarm optimization
Run time: 10 minutes per model

Simulation
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Assessment

CƛŜƭŘ ϧ tǊƻŘǳŎǘƛƻƴ 5ŀǘŀ
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DǊƛŘ ŜƭŜŎǘǊƛŎƛǘȅ ŎŀǊōƻƴ ƛƴǘŜƴǎƛǘȅ
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On an average, there is about 18% increase in oil production

9 models
261 models



Comparing Oil Production across all models 
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Total Oil Production After Optimization 

Combined C1



Comparing CO2 emission across all models
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Total CO2 Emission After Optimization 

Combined C1



Comparing Oil Production across cluster models 
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Total Oil Production After Optimization 

Combined C1

Combined Watercut Liftgas

Water Oil CO2



Comparing CO2 emission across cluster models
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Total CO2 Emission After Optimization 

Combined C1

Combined Watercut Liftgas

Water Oil CO2
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