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The Challenge

A Global energy demand growing ~ 30% anticipated increase between 2023 and 20501

A Oil and gas still accounts for around 80% of global energy demand and will remain
essential through 2050+

L. Conflicting Goal s

Cumulative Oil
Production Equivalent

Traditional approaches don't optimize for both

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

A Global energy demand growing ~ 30% anticipated increase between 2023 and 20501

A Qil and gas still accounts for around 80% of global energy demand, they will remain
essential through 20501

. Geol ogical Uncertainty
Reservoir heterogeneity I ntroduces | arge 1

Optimal Solution for one may be suboptimal for another

1 International E2n0edr3g yWaArgledh cBn 0 g&yA ) Qut tEel ronoakt i o n a l Energy Agency. Ret r i eevneedrogiyt b-tmn@ R4t p s
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Background & Mot

@ Why does this matter?
A Carbon pricing and emissions targets are reshaping field development
Algnoring uncé&ritsakstoympodi adO@e and inefficie

A Strategies must now balance recovery and sustainability

Tonne CO,

| I Maximising Oil Production

_ Minimising CO, Emission
Cumul ative Oil

Producti on

11 June 2025 Introduction 5
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Alm

i

Minimize CO2
Emission

Al

Maxi mi ze T
Recovery

Multi - objective Optimization of reservoir development of a benchmark field case
considering geological uncertainty

ref : https://geodatascience.hw.ac.uk/watt -field-data-set/
11 June 2025 Il ntroducti on 6



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

CO2 Emission Optimisation Workflow

. Optimization i
) \ under Making
uncertainty
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Reyl YAO Y sonNpai®aofthe associated representative scenarios and decision on the
geological CO2 footprint models asSt SO0 a0 Bpliafsolution
uncertainties

model for each
cluster



CO2 Emission Optimisation Workflow

v

’

Collect data,
Define objective
function and
dynamic metrics




CO2 Emission Optimisation Workflow

R 1Ggnerate multiple
o6 d8del iealigrgons
|y Rom the
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geological
uncertainties



CO2 Emission Optimisation Workflow

03
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Simulate
models with
the
associated
CO2 footprint
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CO2 Emission Optimisation Workflow

Conduct cluster
analysis and

select
representative
models



CO2 Emission Optimisation Workflow

Optimization
under
uncertainty
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CO2 Emission Optimisation Workflow

v

Select
development
strategy and make
decision on the
a 0 pptiHat solution



CO2 Emission Optimisation Workflow

Optimization .
Model Simulation punder Ii/lecll(_smn
7 i akin
el uncertainty 9
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Define objective Model realizations models with Fylrfeara I yRSt SOGSR development
function and from the the aSt Soi LINE R dzO 0 A Ztategy and make
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Wat t Fi el d Benchma

16
Producers

é /
Injectors

North Sea Fluvial braided
offshore Oll in a shallow OopP =~
ﬂeld (UK) Triassic Sett|ng 131TM STB

ref : https://geodatascience.hw.ac.uk/watt -field-data-set/
11 June 2025 Case Study 15
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Watt FI1 el d

Facies Poros & Top Faul t Rel. Grid Facies
modelling per m structure net wor n perms resolution identification

Total: 216 Model realisations

Ref : https://geodatascience.hw.ac.uk/watt -field-data-set/
11 June 2025 Case Study 16
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Spread of Reservoir Dynamics over Realisations™ "

A2 1dodeleal i Satoimmms combi nati on of geol

_—
e

Qil Total, MMstb

500 [

250

200

150 -

100 -

50

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
Date

11 June 2025

Methodology 17



CO2 Emission Optimisation Workflow
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Simulate
models with
the
associated
CO2 footprint
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Carbon
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11 June 2025

Carbon emission calculation

Ref: Oil Production Greenhouse gas Emissions Estimator (OPGEE)
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Carbon Emission across all models

21 Model
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Simulation and Optimisation parameters

Objective F
Development Controls A Total Oil Production

A Total CO2 emission

AProduction rate LY
AGas | ift assisted ',@\‘
production rate <
ABottomhol e Press i A pim 291 x 63 x 80

ATubing Head Pres:z grids 1466640
AWater 1 njectlion |4 optimization Algorithm:
Particle Swarm optimization

Wells grouped for better field control ‘lNavigaIOrca

11 June 2025 Methodology 21
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Representative model

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

21Mdodel s 9 Models

11 June 2025 Methodology 23



Cluster Analysis

What Similarity do we group the
models by?

Why multiple cluster metrics?

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

Optimal number of clusters selected using
the K-means
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Cluster Metrics

mmmg Tot akber@iOssi on

E‘.
& Total water production
i

. Water cut

Tot al gas | ift 1 njectio

= Combined: total CO, emission, total
S8 il production, total gas production,
: total gas lift injection, and total
""" "~ water production

1Jured 2 5
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CO2 Emission Optimisation Workflow

Optimization
under
uncertainty
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Bal ance Reservoir
with Multi Objective optimisation (MOO)

il

Maximise Oill
Production

»

ﬂ Minimise CO, Emission

® ®@ Non-dominated Pareto solutions Dominated solutions
— Par et odnfordoenlts best at | e {sJolutioms one criter.

11 June 2025 Methodology 27



Bal ance

A overlay of six metric
spaces shows
excellent
topological
coherence

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

Total Oil Production (STB)

Reser voli
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Optimization Under Uncertainty
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https://github.com/EarthSciTech/MOPSO
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CO2 Emission Optimisation Workflow
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Sel|l ect

Optimal solutions selected
based on 3 decision criteria:

C Criterion 1: Intensity Cap
0.43 ton CO2 per bbl. ol
(Environmental Protection
Agency)

C Criterion 2: Absolute
Budget 2e8 ton CO2 eq
(arbitrary)

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

~ 400 4

Total Oil Production (STB)

on criter.|

6
600 =10,

500 H

300 ~

N

o

o
|

100 -

x10°

0

Total CO, Emission (Tonne CO,-Equivalent)
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450

HERJOT
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Boxplot of Oil Production for all solutions

Comparison of Oil Production

Median oil increases
monotonically from C1 to 40000,
C3 (+20 % relative to C1)

70000 A

The inter-quartile range

also widens (IQR: 11x 103 ™"
STB i n €I103STB 1:4 |

in C3) 2 :
C CI Intensity cap o § S
C C2: Absolute budget g o
C C3: Decline trajectory - 8 | |

Cl C2 C3

1Jumled 25 Result 32
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1e10 Comparison of CO2 Emissions
. 3.5 4 e
Total COFr i ses Dby
between C1 and C3, . _
yet the oil -weighted _ —— 1
Il ntensi ty sti o 8
0.42 ~ OFRbdd). t . - —— :
2.0 ° 8
C CI: Intensity cap o é ; 3
:
C C2: Absolute budget 15 o é i
B
C C3: Decline trajectory 0 °
1.0 1 9 8
g
8
Base Case Cl C2 C3
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Summary

A Total CO2 emissions A workflow delivers

ranging only solutions that
. modestlyi from performed robustly
Conclusi ~23x10" t i1 across216
~3.0x10" t i1 geological models
despite wide oil realizations.

production spread

11 June 2025 Resul t 34
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Conclusion

/.\ |ntegra‘ted Workﬂow Comparison of Oil Production and CO2 Emissions
®_® Combines clustering, emissions ——
modelling, and optimization into a 80000 _
single feedback loop. N
. . . . 60000 4 —— 8
Uncertainty-Aware Optimization ¢ o °
Solutions optimized across representative g o — e o
realizations. Not just post -screened, but 3 o ° 8 g
robust by design. 00 o g 8 -
: o ;
PoI-Dcyven Screeni«ng s 8
|l ntroduces intensity claps, cumul8atdi ve
b u d g e t S y Base Case ' ' T
and F@G@cline targets into enginCl _ C2 C3

optimizati on

11 June 2025 Concl usi on 35
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Sensitivity

Before Optimization Tornado - Oil Sensitivity {All Factors)

rel_perm
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fault_model

3 £
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Before Optimization Tornado - CO: Sensitivity (All Factors)
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After Optimization C1 Tornado - COz Sensitivity (All Factors}

transmissibility

rel_perm

fault_model
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After Optimization Cr3 Tornado - Oil Sensitivity (All Factors)

transmissibility

rel_perm

fault_medel

(5]
A Total Oil Production 1el0

After Optimization Cr3 Tornado - CO:z Sensitivity (All Factors)
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Grouping of Well Controls

Wells grouped for better
control of the field

C 16 Producer wells
C 7 Injector wells

Grouping b ased on
pressure difference
streamlines traced from
Injectors

—  Streamlines 5000 0 5000 10000 15000 20000 ‘N
(O Injector Group (3) (,D

Producer5Gr c

11 June 2025 Met hodol ogy 38



Cluster Analysis

Combined metrics:

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

Mde V min

Mds Y, min.

20+

-
o

-10 -

42/ UNIVERSITY

50

Mds X, min.

11 June 2025
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Carbon Emission: Sources (per processed fluid)
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Carbon Intensity or CO2 Emission = =-* E/1000000 (tonne CO2 eq)

Separators, Dewatering : :
Heaters’and()il EEFECQEmMI ssiI on =
Stabilisers (g ey MJ )
€t il Separator s Dewat gr i -
Assisted Ol Heaters, and Oil EEg]ige'igV £onsumption
Separators, Glycol (MJ)
Dehydration Unit, Gas
Gas Transmission Compressor _
Unit, Gas Lift Compressors 1,000,000 = conversion
Separators, Dewatering to tonne
Heaters, Water Treatment
Water Facility, and Water Injection
Pumps

-
S
)
Q
-
O
=
o
-]
T
D
Q

o _ Ref: Oil Production Greenhouse gas Emissions Estimator (OPGEE)
11 June 2025 Carbon emission calculation 40
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Transitional
Regime:
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Transmissibility

Descr i t 1 on 0

Combined Oi | CO2
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Combined Metric

Fault Model Showi ng f
di mensi ons and connect
Faul t Mema&jl or East t o We
f aullstussei smic trending
Faul t M®dhae)] or faults al

t o West

FM:9maj or f a2 u-beantic
faults which are trend
with displacembbnts | es

Description of all 9 representative models selected

10”

Transmissibilityy
2

10

RalParm
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Simulation and Optimisation parameters
(_
o
| o
C Production rate

C Gas lift assisted | Objective Functions

production rate C Total Oil Production
C Gas lift injection rate C Total CO2 emission
C Bottomhole Pressure _\@"_
C Tubing Head Pressure A/

C Water injection rate e

Dim: 291 x 63 x 80
Grids: 1466640 (855732 active)
Optimization Algorithm: Particle Swarm optimization

Run time: 10 minutes per model INavi ga“'r@

11 June 2025 Methodology 4 7
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Combined C1

Spread of OIl Production across all models

: : : . 9 models
Before Optimizati on After Optimization
BN 261 models
o)
i Oil Production Oil Production
© 0
c 290 290
Ne) SS) §
> >
oy n 380
N : }
8 T |n_3 70 Z
° T T 2 X
E . T = -
X N
2 - S
= p N = = 50
>
©
- nn £ 40
8
on 30
[ ) [+ [ ) [ ]
H N 20
M N 10
W co29 [ oil [ Water M Gaslift [l Watercut Il Combined ll Thousands [l CO29 M Oil M Watercut [ Water [l GasLift ll Combined Il Thousands

On an average, there is about 18% increase in oil production

11 June 2025 Results



Qil Production (STB)
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€02 Emission (th.TonnesEQ)

Combined C1

Comparing CO2 emission across all models

Total CO2 Emission After Optimization
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Combined C1

Comparing OIll Production across cluster models
Total Oil Production After Optimization
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Combined C1

Comparing CO2 emission across cluster models

Total CO2 Emission After Optimization
Combined Watercut Liftgas
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