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PSE HISTORY

: FROM RESEARCH TO INDUSTRY

1989 — 1997

Imperial College

Centre for

S

Engineering

100s of person-years of
R&D with industry

Simulation & modelling,
optimization, numerical
solutions techniques,
supply chain

1997

Company ‘spun out’
Acquires technology

Private, independent company
incorporated in UK

Now

=

PROMS

USTX USNJ LondonHQ Switzerland Korea Japan

Thailand Malaysia Taiwan China

Advanced Process Modelling
m Software and services (60:40)

m Major process industry focus — all sectors
m Strong R&D, strong commercials

Royal Academy MacRobert Award for Engineering Innovation

UK’s highest engineering award
Previous winners include: Microsoft, IBM, Johnson Matthey, Rolls-Royce, BP
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gCCS: The CCS System modelling Tool-kit Project ),

2011-2014 energy
technulngles

' institute

Energy Technologies Institute (ETI)

Department

\‘\\"b\\\““w\

of Energy &
Climate Change|
CATERPILLAR & :

corporate = ¥
public institutions

~ ~S5m project commissioned &
co-funded by the ETI

PS gPROMS modelling
platform & expertise

— Objective: “end-to-end” CCS modelling tool

g
£J E4tech
Project
Management



http://www.eti.co.uk/
http://www.eti.co.uk/

gCCS cur“fent"ns“c‘o\p*‘e‘(*ETi\\project deliverable) |

= Process models = Materials models

~ Power generation — cubic EoS (PR 78)

~ Conventional: — flue gas in power plant

pulverised-coal, CCGT ~ Corresponding States Model

— Non-conventional:
oxy-fuelled, IGCC

- Solvent-based CO, capture

~ water/steam streams
~ SAFT-VR SW/ SAFT-y Mie
~ solvent-containing streams in

- CO, compression & CO, capture

liquefaction ~ SAFT-y Mie
- CO, transportation - hear-pure post-capture CO,
~ CO, injection in sub-sea streams

storage m Cost estimation

- CO, Enhanced oil recovery _ Equipment CAPEX & OPEX
Open architecture allows incorporation of 3" party models
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gCCS cur“fent'*s\‘c‘o‘p‘e*(ET*i\\project deliverable) |

= Process models = Materials models

~ Power generation — cubic EoS (PR 78)
~ Conventional: — flue gas in power plant
pulverised-coal, CCGT ~ Corresponding States Model
— N O n —CO n Ve n t i O n a | : Bubble point of mixtures of CO, (98%mol) and H, (2%mol)
oxy-fuelled, IGCC -
— gSAFT
- Solvent-based CO, capture S operimental doto -
-~ CO, compression & g
liquefaction [
- CO, transportation
o COZ injection in SUb—Sea . 250 260 270 280 290 300 310
Temperature (K)
storage m Cost estimation

- CO, Enhanced oil recovery _ Equipment CAPEX & OPEX
Open architecture allows incorporation of 3" party models
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gCCS cu rre nt scope~(ETproject deliverable)

!

= Process models

Power generation

— Conventional:
pulverised-coal, CCGT

—~ Non-conventional:
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L‘UZ Flowsheet Uncertannty Optimization

L} rl A A I B ]

liquefaction

CO, transportation

CO, injection in sub-sea
storage

CO, Enhanced oil recovery

= Materials models
— cubic EoS (PR 78)

— flue gas in power plant

Corresponding States Model

Bubble point of mixtures of CO, (98%mol) and H, (2%mol)
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m Cost estimation
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Open architecture allows incorporation of 3" party models
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CCS network process-simulation
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gCCS applications_

CCS Flexibility (Shell)
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Goldeneye
Platform

CCS chain and network studies
[Energy Technologies Institute]

Optimizing start-uph

shutdown procedures

of gas treating plants
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GCCSI Webinar:

“The Shell Peterhead
CCS project:
Understanding full-chain
CCS operations”

June 2015



gCCS applications__

Industrial CCS (DECC / Element Energy)

4 )

Techno-economic study of Industrial Carbon
Capture and storage
[DECC and Element Energy]

MACC curve of capture technologies
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Specific Project Objectives

gCCS applications__

CAPSULE (DECC / Carbon Clean Solutlons)

Department

of Energy &
Cllmate Change

Reduce the solvent regeneration energy footprint by
up to 40% as compared to a standard/current MEA
process.

Demonstrate zero solvent emissions from carbon
capture plant.

Reduce corrosion rates to migrate to inexpensive
material of construction.

Focus on process standardization, intensification and
industrial scale up. Reduce the overall level of plant

Carbon Clean Solutions launches test campaign at
pioneering Technology Centre Mongstad pilot

rEdundanCy and Ovel’deSign to account for OUtage Test campaign intended to bring CCSL’s patented technology to commercial
. . di

and performance risks in the future CO, capture DEITEIIL 8

systems.

m  The novel APBS solvents reduce the steam consumption by upto
40% which translates to an approximate 22% reduction in LCOE
(levelised cost of electricity) for a CCS enabled power plant.

Development of high-fidelity predictive models for
optimising the design and operation of the full-scale

plant in order to realise the full extent of these N _ ] ) )
savings m  Auxiliary electrical load, which consists mainly of pumps and

fans, can be reduced by 50%.

= Improved process layout, which maximizes sharing of
infrastructures and mitigation of expensive connections.

m  Process standardization, better layouts and best metering
technology selection will boost the confidence in future leading
to savings realization between 5% - 7%. Also reduced redundancy
and overdesign will reduce the risk premium leading to savings

0 0
© 2015 Process Systems Enterprise Limited between 2% - 4%.



CO, Enh anced Oil-Recovery
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CO, Enhanced Oil'Recovery: Key facts
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o
BBLS/D(GROSS)

Surface facilities

Purchased CO
Anthro| ic andior Injected : % &
Natural Sources 2

» XN

Zou ot f * CO, EORis a typical tertiary oil

Efficient Sweep

(%]
= recovery mechanism which
. 2 can allow a further 5 —30%
eldeeet 4 / g Original oil in place (OOIP) of
e £ -
Oil and Gas Phases S prOdUCtlon
w
._ 2 * Hasbeen used extensively
Y I since 1970s especially onshore
Source: Advanced Resources International and Melzer Consulting, Optimization of CO, Storage in CO, Enhanced Oil U SA

Recovery Projects, prepared for UK Department of Energy & Climate Change, November 2010.

* Some CO, remains trapped in
reservoirs — can be used to
reduce anthropogenic
emissions
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Supply vs demand Handling of recycled gas
e Constraints, Costs  before and after breakthrough

Purchased CO R : a Recycled
Anthro ic md/ozr lnje‘:ted ! T4 T 1 CO,
Natural Sources CO, CO,
Production Well

Immobile Oll

o° o 09
1 %o

00 L2 )
0 "0,°9 50.°0 /
0 000 o
Lefa®o 007020, /
Cco

9
CO, Dissolved (Sequestered) '
in the Immobile is'g"d
Oil and Gas Phases i

* Reservoir dynamic performance?
How much CO, Y P

is stored?
produced with time?
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How do | optimize
field development
schedules?

7 e
@

8 e
&

2 e

» Capacity/design/location of
facilities?

* Design trade-offs?

e How long can we produce
sales gas to spec?

What are the produced fluid
composition changes before
and after CO, breakthrough

* How much oil, water, gas and CO, is

* Pressure maintenance requirements?



CO, Enhéncéd\OTr*‘Recavery: Challenges

Supply vs demand Handling of recycled gas
e Constraints, Costs  before and after breakthrough

i | T

How do | optimize
field development

schedules?
‘Z:L',:’;""“S.?S;, 5| Injected (=1 | Regycled
Natural Sources CO, oy fom
| —_— * Capacity/design/location of
o
Many elements must be facilities:
- * Design trade-offs?
designed concurrently * How long can we produce

sales gas to spec?

__ con5|der|ng many factors |
2o] co, Dissal What are the produced fluid

®, Ol e eses ‘Z‘&%:’ g ol | - .
B : > o composition changes before

and after CO, breakthrough

* Reservoir dynamic performance?
* How much oil, water, gas and CO, is
produced with time?
* Pressure maintenance requirements?

How much CO,
is stored?
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Produceg sales gas Fresh COz supply
CO2 compressors

S N
/

Cooler

N

- CO2 Pump

Membrane

Gas treating unit Flow multipliers

Three phase

separator

—di P

Produced crude oil | Rroduced water | | -
Surface facilitiesl™ Water injected

Water
injection well

Sub-surface facilities g~ /

Production
well

CO2
injection well

Reservoir
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Case St u\dy basis =

m /0 patterns

m 80 acres per pattern, 75ft thickness, 6000ft depth
m 31° API oil viscosity

1.2 RB/STB (oil);

OOIP - 9.3MMSTB per pattern; HCPV —11.2MMRB per pattern
Current production: 1000BOPD; >99% water cut
Absolute permeability: 1000mD

Reservoir pressure: 3000psi

GOR — 400 scf/stb

SPE 144961

Large Scale CO, Flood Begins Along Texas Gulf Coast

Darrell Davis, SPE, Mark Scott, Kris Roberson and Adam Robinson - Denbury Resources Inc.

© 2015 Process Systems Enterprise Limited



Reservoir type curves——

Performance
Dimensionless Oil and CO2 Recovery Curves predictions from
| Oil Recovery = = COZ Recovery | detailed reservoir
20% - + e Simulations can be
deedaadacten translated to type
T e _—  curves and utilized
’ .
15% ¢ — 5% 1N gCCS
o
= # E
: - e :
: ' &
& . 8
— 1% 50%
(& v 3
o [ E
g | :
- r 2
5 1 25%
r
[ ]
r
0% / - 0%
o0 0.5 1.0 1.5 2.0 2.5 3.0 4.5 50
No CO, before breakthrough HCPV COZ Injected
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Using super-structure models in gCCS to predict
the phases of operation in a CO, EOR project

© 2015 Process Systems Enterprise Limited



Phase 1 operations=——

* Before CO, breakthrough

sales gas dlam - Purchased CO, * Relatively small amount of
! - CO, recycled
| T ’lﬁL l * No membrane u-nits
i ‘ —_— e * Amine gas treating removes
| Recycled CO, ® | acid gas to specifications
Injected CO,
=
Crude oil « = Produced -
Reservoir )
Water Eluids " Injected Water
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Phase 2 operations=——

* Onset of CO, breakthrough.
* Larger amounts of CO,

=l - recycled
z_.___ - . Mer-n-brane units-installed for
o-f omty ™ o additional capacity

ot = * Amine gas treating removes

acid gas to specifications
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Phase 3 operations=——
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i

e After CO, breakthrough.

* Produced gas is mostly CO,

* Capacity of gas treating units
exceeded so a bypass is
established

e CO, purity drops
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Project Revenues
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Case St u‘dy results=———

Produced gas flow and composition
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Field devélvé\b‘rﬁé‘h‘t“st rategies

Comparing simultaneous field developments with
staged developments

© 2015 Process Systems Enterprise Limited
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Case Studyresults — comparing with staged

e —.

developments

Simultaneous development
Injected CO2 mass flow
— 1800
e o 40
© c
_ 40 2 600 &
% 0] o w 30
2 30 3 - 2
= @ 1400 3 5
3 20 8 3 8 2
~ 3 & g
N 2 1200 —
O 10 =
O § g 10
0 . ; ; ; 0
0 10 20 30 40 0 10 20 30 40 0
i 0 10 20 30 40
Time [years] Time [years] Time [years]
Purchased CO2 Recycled CO2 Natural gas Revenue (left) Crude oil revenue (right)
Staged development neied CO2 s o
1.27 o 400
40, . T 40
2ol 2 . ]
— © 300 & 7 30
L 30 2 ) g 5
X, % <) §
z o @ 8
o 20t P 200 g = 20
= 8 o)
7} —= S 3
2 g = 2 10
= 10¢ 2 100 3
3 &
0 : | : : . ' ; 1 . 0 0 10 20 30 40
0 10 20 30 40 0 10 20 30 40 Time [years]
Time [years] Time [years]
Purchased CO2 Recycled CO2 Natural gas Revenue (left) Crude oil revenue (right)

A

»
»

Longer project term

© 2015 Process Systems Enterprise Limited



Field devél6\b\m‘é“h‘t“strategies

Considering CO, supply constraints

© 2015 Process Systems Enterprise Limited



Case Studyresults — com

constraints

—

paring with CO, supply™

e —.
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Case Study-results — comparing with CO, supply™
constraints
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Project Economies™
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Case Study results=economics
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Summar“y

= Process model library developed for CO, EOR studies

- Design of CO, recycling facilities

~ Interface to detailed reservoir simulators (type curves)
— Scheduling operations
— Investigating constraints
— Comparison of various strategies
= Economic analysis of CO, EOR operations
— Pay back period
— Internal rate of return estimation

© 2015 Process Systems Enterprise Limited



Contact:
Adekola Lawal

Thank you
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