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Disclaimer

This presentation and its enclosures and appendices (the “presentation”) have been prepared by 
Orcadian Energy plc (the “Company”) exclusively for information purposes. This presentation has not 
been reviewed or registered with any public authority. This presentation is confidential and may not 
be reproduced, further distributed to any other person or published, in whole or in part, for any 
purpose. By viewing this presentation, you agree to be bound by the foregoing restrictions and the 
other terms of this disclaimer.

The distribution of this presentation and the offering, subscription, purchase or sale of securities 
issued by the Company in certain jurisdictions is restricted by law. Persons into whose possession 
this presentation may come are required by the Company to inform themselves about and to comply 
with all applicable laws and regulations in force in any jurisdiction in or from which it invests or 
receives or possesses this presentation and must obtain any consent, approval or permission 
required under the laws and regulations in force in such jurisdiction, and the Company shall not have 
any responsibility or liability for these obligations.

This presentation does not constitute an offer to sell or a solicitation of an offer to buy any 
securities.

The contents of this presentation are not to be construed as legal, business, investment or tax advice. 
Each recipient should consult with its own legal, business, investment and tax adviser as to legal, 
business, investment and tax advice. In making an investment decision, investors must rely on their 
own examination of the Company and the terms of any investment in the Company, including the 
merits and risks involved. Although reasonable care has been taken to ensure that the facts stated in 
this presentation are accurate and that the opinions expressed are fair and reasonable, the contents 
of this presentation have not been verified by the Company or any other person. Accordingly, no 
representation or warranty, express or implied, is made as to the fairness, accuracy, completeness or 
correctness of the information and opinions contained in this presentation, and no reliance should be 
placed on such information or opinions.

Further, the information in this presentation is not complete and may be changed. Neither the 
Company nor any of its respective directors, officers or employees nor any other person accepts any 
liability whatsoever for any loss howsoever arising from any use of such information or opinions or 
otherwise arising in connection with this presentation. There may have been changes in matters 
which affect the Company subsequent to the date of this presentation. Neither the issue nor delivery 
of this presentation shall under any circumstance create any implication that the information 
contained herein is correct as of any time subsequent to the date hereof or that the affairs of the 

Company have not since changed, and the Company does not intend, and does not assume any 
obligation, to update or correct any information included in this presentation.

All statements other than statements of historical facts included in this presentation, including, 
without limitation, those regarding the Company’s financial position, business strategy, plans and 
objectives of management for future operations, are forward-looking statements. Such forward-
looking statements involve known and unknown risks, uncertainties and other factors which may 
cause the actual results, performance of achievements of the Company, or industry results, to be 
materially different from any future results, performance or achievements expressed or implied by 
such forward-looking statements. Such forward-looking statements are based on numerous 
assumptions regarding the Company’s present and future business strategies and the environment in 
which the Company will operate in the future. Various factors exist that could cause the Company’s 
actual results, performance or achievements to differ materially from those in the forward-looking 
statements. These forward-looking statements speak only as of the date of this presentation. The 
Company expressly disclaims any obligation or undertaking to release publicly any updates or 
revisions to any forward-looking statement contained herein to reflect any change in the Company’s 
expectations with regard thereto or any changes in events, conditions or circumstances on which any 
such statement is based. The Company makes no representation or warranty as to the accuracy of 
any forward-looking statements.

Any investment in the Company involves risk, and several factors could cause the actual results, 
performance or achievements of the Company to be materially different from any future results, 
performance or achievements that may be expressed or implied by statements and information in 
this presentation, including, among others, risks or uncertainties associated with the Company’s 
business, segments, development, growth management, financing, market acceptance and relations 
with customers, and, more generally, general economic and business conditions, changes in domestic 
and foreign laws and regulations, taxes, changes in competition and pricing environments, fluctuations 
in currency exchange rates and interest rates and other factors. Should one or more of these risks 
or uncertainties materialise, or should underlying assumptions prove incorrect, actual results may 
vary materially from those described in this document. 

The Company does not intend, and does not assume any obligation, to update or correct the 
information included in this presentation.



● Substantial audited reserve: 79 MMbbl 2P (proven & probable)

● Pilot field is well appraised and development ready, project  
NPV10 $640m at $60/bbl, NPV10  breakeven of c. $39/bbl, 
based on a low salinity polymer flood, using an FPSO & two 
WHPs

● 78 MMbbl of contingent resources in Elke, Narwhal & 
Blakeney with an NPV10 at $60/bbl of $458m

● Low risk exploration on licensed acreage

● Bowhead prospect, a Pilot lookalike, 43 MMbbl with appraisal 
style risks (49% geological chance of success)

● OGA supportive of low emission development plan

● Initial funding received from Shell Trading in 2019

● Development farm-out and contractor alliances will be 
pursued
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● Experienced team & strong board with 
track record in industry and markets

● CEO led pre-project team for Harding 
field, BP’s first North Sea viscous oil 
project, and helped design and manage 
the Andrew field contractor Alliance

Greg Harding

Technical  
Director

Maurice Bamford

Exploration &  
Geoscience Mgr

Steve Brown

CEO
Alan Hume

CFO

Spinnaker Opportunities Plc 
A cash shell listed on London Stock Exchange, Standard List segment 

Company 
Presentation 

Ticker  SOP 
SEDOL  BYQC570 
ISIN Number GB00BYQC5703 

PART I

LETTER FROM THE CHAIRMAN

Xtract Energy plc

(incorporated and registered in England and Wales with registered number 5267047)

Directors: Registered Office:

George Watkins (Non-Executive Chairman) 4/F Windsor House
Peter Moir (Chief Executive Officer) 55-56 St James’s Street
Alan Hume (Group Finance Director) London
Paul Butcher (Non-Executive Director) SW1 1LA
Jeremy Kane (Non-Executive Director)(1)

(1) With effect from Admission.

26 August 2011

Dear Shareholder and, for information only, holders of Warrants and Options

Acquisition of Elko Energy, Inc.
Placing of 240,000,000 New Ordinary Shares of 0.1p each at 1.25p per Ordinary Share

£12.5 million Equity Line Facility
Re-admission to trading on AIM

and

Notice of General Meeting

Introduction
Your Board announced on 21 June 2011 that Xtract International has conditionally offered to acquire
all of the issued and to be issued share capital of Elko not already owned by Xtract International. To
satisfy the consideration for the Acquisition in full, the Company will issue 350,245,343 new Ordinary
Shares (representing approximately 23.3 per cent. of the Enlarged Share Capital) to holders of Elko
common stock. In addition, Elko has a total of 8,202,500 warrants and options outstanding which will
be converted into rights over 57,417,500 Ordinary Shares. As announced by the Company on 4 August
2011, the Acquisition has been approved by the Elko shareholders.

The Company also announced today that it has conditionally raised £3 million (before expenses) by
issuing 240,000,000 Placing Shares (representing approximately 15.9 per cent. of the Enlarged Share
Capital) with institutional investors at the Placing Price. The net proceeds of approximately £1.7 million
will be used to fund the costs associated with the Acquisition and the ongoing working capital
requirements of the Enlarged Group.

At the same time, the Company also announced that it has entered into a conditional agreement with
YA Global Master SPV to provide potential future funding of up to £12.5 million pursuant to the
Equity Line Facility which will introduce further flexibility of funding for possible future working
capital requirements.

The Acquisition will mean that Xtract will no longer be considered, for the purposes of the AIM Rules
for Companies, as an investing company and therefore, on Completion, the Acquisition will constitute a
reverse takeover pursuant to Rule 14 of the AIM Rules for Companies. As such it will require the
approval of the Shareholders which will be sought at the General Meeting convened for this, and other
purposes including the approval of the Shareholders to the Company carrying out the Placing and
entering into the Equity Line Facility, at the offices of Trowers & Hamlins LLP, Sceptre Court, 40 Tower
Hill, London EC3N 4DX at 11.00 a.m. on 12 September 2011.
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Joe Darby

Non-Executive 
Chairman

Christian Wilms

Non-Executive  
Director

OGA Digital Strategy
2020- 2025

December 2019

David Puckett

EOR Specialist

Orcadian Team

Tim Feather

Non-Executive  
Director

Forties Bravo: Allan Coutts / Alamy Stock Photo
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● The average price in 
times of abundance 
has risen with the 
cost of the marginal 
barrel

● A reasonable 
forecast for the 
current period of 
abundance is c. $60/
bbl

● Underinvestment in 
the upstream is 
sowing the seeds of 
the next period of 
scarcity
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An oilfield developer’s view of oil prices
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Licence & CPR Summary

Licence and 
block 

numbers

Operator 
or admin.

Orcadian 
Interest Status Term 

Expiry*
Phase 

Expiry¶

Licence 
Area 
(km2)

Discoveries
2P  

Reserves 
MMbbl

2C 
Contingent 
Resources 
(On hold) 

MMbbl

2C 
Contingent 
Resources 
(Technical) 

MMbbl

2U 
Prospective 
Resources 
(Unrisked) 

MMbbl
P2244
21/27a Orcadian 100% Second 

Term
30th Nov 

2022 n/a 43.2
Pilot Main, Pilot 
South and 
Harbour

78.8 13.0

P2320
21/22a, 21/26a, 
21/27b & 21/28a

Orcadian 100%
Initial 
Term

Phase A

14th May 
2024

14th May 
2022 447.9 Blakeney, Feugh, 

Dandy & Crinan 25.1 2.2 72.1

P2482
28/2a & 28/3a Orcadian 100%

Initial 
Term

Phase A

14th July 
2027

14th July 
2022 361.6 Narwhal & Elke 52.7 2.0 119.3

P2516
14/20g, 15/16g Parkmead 

(E&P) Ltd 50%
Initial 
Term

Phase A

30th Nov 
2026

30th Nov 
2023 19.9 Fynn (Beauly) & 

Fynn (Andrew) Not audited

Total 78.8 77.8 17.2 191.4

* The Directors recognise that it is possible that the conditions for the P2244 licence to continue into the Third Term will not be satisfied by the stated deadline and 
accordingly a term extension may need to be sought from the OGA. There can be no guarantee that such an extension will be granted but, following dialogue with the 
OGA, the directors are confident that such an extension will be granted provided that the Company continues to work to satisfy the conditions.

¶ P2320, P2482 and P2516 are all drill-or-drop licences, and require a well commitment 
by May 2022, July 2025 and November 2023 respectively



West East21/27a-6

500m

50
 m

Se
c 

TW
T

7

21/27-3

Logs hung on TVD
OWC figures are TVDSS

21/27a-6
21/27-2

Field : Pilot
Operator : Fina
Completion : 05-Nov-89

GR
0 150-

CALS
6 16-

Cas ing

MD

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

TVDSS

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

RHOB
1.8 2.8-

NPHI
0.6 0-

DRHO
-1 0.2-

ILD
0.2 200-

ILM
0.2 200-

Fo
rm

at
io

n
La
rk

Ho
rd
a

Ba
ld
er

Li
th

ol
og

y

G
en

et
ic

 U
ni

t

IV

III

II

I

G
en

et
ic

Su
bu

ni
t

III.B

III.A

Fa
ci

es

Basinal
mudstones

Distal Lower
Shoreface

Proximal
Transitional

Basinal
mudstones

Sandy
Turbidite

Muddy
Turbidite

Sandy Turbidite

Muddy
Turbidite

Sandy
Turbidite
Muddy

Turbidite

Sandy
Turbidite

Muddy
Turbidite

Sandy
Turbidite

Basinal
mudstones

Sandy
Turbidite

Basinal
mudstones

Sandy
Turbidite

Basinal
mudstones

Sandy Turbidite

Basinal
mudstones

Sandy
Turbidite

Basinal
mudstones

WFT
Comment

Value

Dry test
Dry test
Dry test

Dry test

Dry test
Seal Failure
Seal Failure
Seal Failure
Seal Failure
Seal Failure

Good test
Seal Failure
Seal Failure
Seal Failure
Seal Failure

Good test

Seal Failure
Seal Failure

Seal Failure

Good test

Good test

Good test

Good test

Seal Failure

Good test

Seal Failure

Good test

Seal Failure

Good test

C
or

e

1

2

3

4

5

Sidewall Core

Silty Dark Grey
Claystone

Silty Dark Grey
Claystone

Silttone. Fine to
Silty

Silt grading to
Silty Sandstone
Sandstone Silty
and GlauconiticSandstone Silty
and GlauconiticSandstone Silty
and Glauconitic
Silttone. Fine to

Silty
Claystone

Fine Sandstone.
Oil Shows

Dark grey
Claystone

Fine/Medium
Sandstone

Fine sandstone
grading to silt

Fine sandstone

Claystone: Dark
grey,

Medium Grey fine
grained

Silty Claystone

Sandstone: Light
grey

Sandstone: Light
grey

Sandstone: Light
grey

Claystone: Dark
grey,

DT
180 80-

VSH
0 1-

PHIE
1 0-

BVW
1 0-

Comments
Depth TVDSS

No Shows in
supra-rservoir sand

2616.31

Oil Staining to 2829'
Log Depth

2729.05

Gravel packed and DST'd. Low flow rates,
but 300 bbls fluids swabbed1A

Fl
ui

ds

Oil

R
es

id
ua

l O
il

Water

Water

Water

Water

Water

Water

Water

Core Description

21/27-2
21/27a-5Z 21/27a-5

2719’
2725’ 2729’

Residual oil zone
Residual oil zone

0 150GR

6 16Caliper MD TVDSS Co
re

Li
th

ol
og

y

Fa
cie

s

0.2 200MSFL

0.2 200ILM
0.2 200ILM

-1.0 0.2DRHO

0.6 0NPHI
1.8 2.8RHOB

180 80DT

Shale
Sand
Oil
Water

0 150GR

6 16Caliper MD TVDSS Co
re

Li
th

ol
og

y

0.2 200RLA1
0.2 200RLA2
0.2 200RLA3
0.2 200RLA5

-1.0 0.2DRHO

0.6 0NPHI
1.8 2.8RHOB

180 80DT

Shale
Sand
Oil
Water

0 150GR

6 16Caliper MD TVDSS Co
re

Li
th

ol
og

y

Fa
cie

s

0.2 200MSFL

0.2 200ILM
0.2 200ILM

-1.0 0.2DRHO

0.6 0NPHI
1.8 2.8RHOB

180 80DT

Shale
Sand
Oil
Water

0 150GR

TV
DS

S

0.2 2000

Res
Deep 0.6 0NPHI

1.8 2.8RHOB

0 0.5ΦMD 0 1Sw Fa
cie

s

0 150GR

6 16Caliper MD TVDSS Co
re

Li
th

ol
og

y

Fa
cie

s

0.2 200MSFL

0.2 200ILM
0.2 200ILM

-1.0 0.2DRHO

0.6 0NPHI
1.8 2.8RHOB

180 80DT

Shale
Sand
Oil / Gas
Water

1

"

1
1

1

M

M

M

k

0 200 400 600 800 2,000m1,000m

1

"

1
1

1

M

M

M

k

0 200 400 600 800 2,000m1,000m

Isochore Top Tay

Seismic line trends west-east from 2010 reprocessed Western Geco Quad 21 1997 - Coloured Inversion display from Western Geco 3D volume

Class II AVO - increased amplitude on Fars

Brine  <  Oil  <<  
Gas

Coloured 
Inversion



● Pilot discovered by Fina in 1989

● Fully appraised with 7 wells and 
modern 3D seismic 

● 5 wells were cored, 2 wells were 
tested including a short horizontal 
well that produced over 1,800 bopd 

● Reserves & Resources:

● 79 MMbbl of proven & probable 
reserves

● 10 MMbbl of technical 2C resources in 
periphery

● 29 MMbbl of prospective resources in 
channels
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Pilot Field summary
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Pilot Parameter Units

Oil water contact 2724 feet

Oil column >100 feet

Gross sand thickness 50-60 feet

Net to gross ratio 0.95 fraction

Porosity 0.34 fraction

Water saturation < 0.10 fraction

Permeability 2 to 8 Darcies

Oil gravity 12º - 17º API

Oil viscosity c. 400 cP

Gas-Oil ratio 80 scf/bbl

Reservoir Temp. 31 ºC

Salinity 72,000 ppm



● Polymer flooding proven to deliver positive 
results with oil viscosities up to c. 5,000 cP

● Proven offshore on Captain field in the Central 
North Sea by Chevron

● Ithaca has recently approved Stage 2 of the project

● Well spacing optimisation is key; better when 
applied early in field life, see Pelican Lake field

● Offshore polymer floods use an emulsion based 
polymer which simplifies logistics and operations 

● >99% uptime on Captain

● Low salinity water injection can massively 
reduce polymer costs

9

Polymer flooding

Experiment on 2,000 cP oil; oil saturation maps during flood experiments, Loubens et al, “Numerical Modeling of Unstable Waterfloods and Tertiary Polymer Floods Into Highly Viscous Oils”, SPE-182638-MS, 2017
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Waterflood Modeling Using Darcy-Type Simulations
Methodology. The objective of this subsection is to verify whether the multiphase extension of Darcy’s law can predict the viscous-
fingering patterns observed experimentally. Clearly, a continuum Darcy-type formulation is not appropriate if viscous fingers are trig-
gered below the scale of a few pore sizes, whereas it is more likely to be valid when fingers are generated at a macroscopic scale.
Nevertheless, very few validation studies are available in the literature. From the X-ray images at early times, the viscous fingers have a
fine dendritic aspect and a typical width of a few millimeters. Therefore, we do not expect a Darcy-type model to capture the experi-
mental fingering patterns accurately, but we would like to verify how closely it can reproduce those patterns.

In this context, the most relevant study is that of Riaz et al. (2007), where several experiments were performed on a strongly water-
wet Berea core sample, first to measure steady-state relative permeability functions and then to measure saturation profiles and oil re-
covery during unsteady-state displacements. Different oil viscosities up to 303 cp and injection rates up to 3 cm3/min were used to iden-
tify the onset of instability, which was correctly predicted by the conventional Darcy-type model dependent on steady-state relative
permeabilities. However, the average saturation profiles of the unstable experiments could not be reproduced explicitly by high-resolu-
tion Darcy-type simulations modeling viscous fingers. Thus, it was concluded that the continuum Darcy-type model does not well pre-
dict the flow regime with fully developed instabilities. In Sharma et al. (2012), another study was performed on mildly water-wet 2D
micromodels. The average saturation profiles obtained from the waterflooding of viscous oils were better reproduced by a scaling law
dependent on statistical theory rather than by a Buckley-Leverett profile, but no attempt was made to simulate the displacement with a
2D Darcy-type model.

In contrast with the previously discussed studies, the experiments considered in this work were performed under nonwater-wet con-
ditions and using even higher oil viscosities. As mentioned in the Introduction section, this should lead to more severe viscous fingering.
Nevertheless, a much lower injection velocity was used in these experiments compared with those of Riaz et al. (2007), which should at
least partially offset the effects of higher viscosity ratio and nonwater-wet conditions. Even if X-ray images suggest strong fingering
effects, it is worthwhile to test the validity of the generalized Darcy’s law on a set of experiments that differs significantly from other
published studies.

In the following, we apply a similar methodology to that of Riaz et al. (2007), but because of the absence of steady-state relative per-
meability measurements, we use a 3D quasistatic PNM to infer relative permeability and capillary pressure curves. Because the rock
wettability is not known precisely, we assume that the aging process has led to a wettability state ranging from mildly water-wet to
mildly oil-wet, including intermediate-wet and mixed-wet states. A screening study is performed with the quasistatic PNM code to gen-
erate multiple sets of relative permeability and capillary pressure curves. Each set of curves is then provided as an input to our parallel
IHRRS (Moncorgé et al. 2012; Jauré et al. 2014) that is run in two dimensions with a high-resolution discretization. Although direct
measurement of steady-state relative permeabilities is of course preferable, this approach is deemed useful when such data are
not available.

Quasistatic PNM. The 3D PNM is directly extracted from 3D microcomputed-tomography images of a sample of Bentheimer sand-
stone. A maximal ball algorithm (Silin and Patzek 2006; Dong and Blunt 2009) is applied to reconstruct a network equivalent in terms
of topology and transmissibility. The reconstructed pore network contains 61,214 pores and 151,186 throats. Each pore/throat is charac-
terized by an inscribed radius that controls the threshold entry pressure, a flow conductance that defines the local pressure drop caused
by viscous effect and flux, an effective length, and a volume. More details of the extracted pore network can be found in Table 2, and
an illustration is provided in Fig. 5.

For our quasistatic pore-network simulations, we use the model of Valvatne and Blunt (2004), which is also used to verify the qual-
ity of the generated network. To do this, we compute the capillary pressure and the relative permeability curves that we compare with
experimental measurements. Ideally, we would like to use measurements made on the samples of Experiment Nos. 2, 6, and 7, but such
data are not available, and we therefore use measurements from the literature (Oren et al. 1998). A very good agreement is found
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Fig. 4—Oil-saturation maps at the end of waterflooding (WF) and during polymer flooding for (a) Experiment No. 2, (b) Experiment
No. 6, and (c) Experiment No. 7.
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● Completed in 2013, focused on 
a well pair in the Southern 
Upper Captain sand, separated 
by ≈125m

● Dramatic acceleration of 
waterflood reserves

● Significant increment to 
expected waterflood recovery 
(16%)

● Excellent analogue to Pilot, 
much to learn and copy

10

Polymer flooding – Captain field

Chart extracted from Poulsen et al, “Results of the UK Captain Field Interwell EOR Pilot”, SPE-190175-MS, April 2018



Pilot field development plan

11

FPSO WHP
Jack-upFPP



● Many opportunities to 
reduce emissions identified

● Integration of aggressive 
process heat management 
with high efficiency back-
up power generation and 
electrification has the 
potential to drive 
emissions down by over 
80%

● Local wind farm power, 
with highly efficient back-
up gas engines, reduces 
emissions as low as 
connection to a future grid 
with half of today’s CO2 
intensity

12

A project delivering on OGA’s Net Zero agenda
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● To be comparable with this Stanford University dataset, we have added:

● Scope 3 emissions from offshore logistics, oil transportation to the refinery, and polymer production

● Estimates of emissions during the exploration and development phases (done using the Stanford 
tool) 

● On that basis the comparable emissions are 1.4 gCO2eq/MJ with a single wind turbine

13

Global oil production emissions

Masnadi et al (2018). Global carbon intensity of crude oil production. Science. 361. 851-853. 10.1126/science.aar6859. 

Pilot emissions 
will lie in the 
lowest 5% of 

global oil 
production

SCIENCE   sciencemag.org
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portunities across the crude oil supply chain 
(e.g., improved refining), 18 Gt is likely an un-
derestimate; other studies have estimated up 
to 50 Gt CO

2
eq. reduction potential (10). For 

a >66% chance to keep global average tem-
perature increases below 2°C, a total of ~800 
Gt CO

2
 can be emitted from 2017 forward (11). 

The petroleum sector reduction potentials 
outlined above are material on this scale. 

Extraction and processing of heavy oils 
and oil sands with current technologies is 
very energy- and carbon-intensive, and the 
ability to reduce the intensities is challeng-
ing. Although market forces have recently 
led to investment shifts based on economics 
alone (12), other mechanisms exist to reduce 
emissions. Solar-powered steam generators 
developed for heavy oil fields in Oman and 
California can provide substantial mitigation 
benefit. More broadly, use of solar energy 
could result in sectorwide emissions reduc-
tions on the order of 5 kg CO

2
eq./bbl (~1.7 g 

CO
2
eq./MJ) (13). For some key regions with 

high seasonality and poor economics of solar 
technology (like Canada), using energy in-
puts with low carbon intensity (e.g., hydrogen 
sourced from wind and biomass), capturing 
CO

2
 from oil sands extraction and upgrading 

facilities, and investing in new low-carbon 
technologies (e.g., nanoparticle-assisted in-
situ recovery, or CO

2
-free production of H

2
 

from CH
4
 via catalytic molten metals) would 

be beneficial. In addition, low-value but high-
carbon products such as petroleum coke from 
upgraded oil sands could be sequestrated in 
lieu of combustion (10). Countries with di-
verse resources could reduce their national 
CI by prioritizing less carbon-intensive assets 
(e.g., tight oil), accompanied by stringent flar-
ing and venting management. 

Flaring rates can also be reduced. The 
Global Gas Flaring Reduction Partnership 
(GGFR) reported a nearly continuous in-
crease in global flared gas from 2010 to 2016. 
Flaring is a management and infrastructure 
problem and is not an unavoidable outcome 
of crude oil production. Plans for new oil 
field development should incorporate con-

servation methods (i.e., capture, utilization, 
and/or reinjection) to eliminate routine flar-
ing. Canadian regulations point to a method 
for enforcement: For offshore fields where 
flaring is excessive, production rate restric-
tions are imposed until flaring reductions 
are made (14). Initiatives like the World Bank 
GGFR Zero Routine Flaring by 2030 are a 
start, though these could be strengthened 
with international advisory, financial, and 
technical aid to help countries implement 
flaring reduction policies. Moreover, continu-
ous monitoring and verification are essential 
not only for flare management but also for 
eliminating venting and fugitive methane 
emissions in the oil and gas sector. Modern 
surveillance using remote-sensing technolo-
gies (e.g., flare- and methane-sensing satel-
lites) could be supported and expanded (10). 

Methane fugitive emissions and venting 
from oil and gas facilities are poorly detected, 
measured, and monitored, and thus, can in-
crease the uncertainty associated with CI 
estimates. Recently, the International Energy 
Agency (IEA) estimated 76 Mt methane emis-
sions from global oil and gas operations in 
2015, with ~34 Mt due to oil production (15). 
This prorates to ~4.6 g CO

2
eq./MJ crude oil, 

higher than this study’s estimate of methane 
contribution (~2.6 g CO

2
eq./MJ averaged 

from all global fields, from all fugitive emis-
sions and venting). In many cases, reducing 
methane emissions can result in additional 
revenues from the captured methane. IEA 
estimates that around 40 to 50% of current 
methane emissions could be avoided at no 
net cost. The cost of mitigation is generally 
lowest in developing countries in Asia, Af-
rica, and the Middle East, but in all regions, 
reducing methane emissions remains a cost-
efficient way of reducing GHG emissions (15). 

Important questions remain with regard to 
the interactions of economics and emissions. 
The CI curve in the second figure reflects 
differences in CI, but crude oil production 
choices are obviously influenced by the inter-
action of local production costs and the global 
price of oil. A market structure without car-

bon prices neglects differences in CI shown 
in the second figure. Future work needs to 
examine the interaction of supply economics 
and CI for different resource classes.

Data-driven CI estimates such as this work 
can encourage prioritizing low-CI crude oil 
sourcing, point to methods to manage crude 
oil CI, and enable governments and investors 
to avoid “locking in” development of high-CI 
oil resources. However, future progress in 
this direction will rely fundamentally on im-
proved reporting and increased transparency 
about oil-sector emissions. 

REFERENCES AND NOTES
 1. IHS CERA, Oil Sands, Greenhouse Gases, and US Oil Supply 

(IHS, 2012).
 2. M. S. Masnadi et al., Nat. Energy 3, 220 (2018).
 3. California Environmental Protection Agency/Air Resources 

Board, Low Carbon Fuel Standard (LCFS).
 4. European Commission, Fuel Quality Directive (FQD).
 5. Environment and Climate Change Canada, Clean Fuel 

Standard (2017).
 6. R. Baron, D. Fischer, Divestment and Stranded Assets in 

the Low-carbon Transition [Organization for Economic 
Cooperation and Development (OECD), 2015].

 7. H. M. El-Houjeiri, A. R. Brandt, J. E. Duffy, Environ. Sci. 47, 
5998 (2013).

 8. H. M. El-Houjeiri et al., “Oil Production Greenhouse Gas 
Emissions Estimator OPGEE v2.0a, User guide & technical 
documentation” (2017).

 9. M. S. Masnadi, A. R. Brandt, Nat. Clim. Change 7, 551 (2017).
 10. A. R. Brandt, M. S. Masnadi, J. G. Englander, J. Koomey, D. 

Gordon, Environ. Res. Lett. 13, 044027 (2018).
 11. C. Le Quéré et al., Global carbon budget 2016. Earth Syst. Sci. 

Data. 8, 605 (2016).
 12. K. Gilblom, “Shell to Exit Canadian Natural Resources for 

$3.3 Billion,” Bloomberg, 7 May 2018.
 13. J. Wang, J. O’Donnell, A. R. Brandt, Energy 118, 884 (2017).
 14. C-NLOPB, Newfoundland and Labrador Offshore Area 

Gas Flaring Reduction Implementation Plan. Canada-
Newfoundland Labrador Offshore Petroleum Board (2017).

 15. T. Gould, C. McGlade, The environmental case for natural gas 
(International Energy Agency, 2017).

ACKNOWLEDGMENTS
The Natural Sciences and Engineering Research Council of Canada 
(NSERC) provided financial support to M.S.M. Aramco Services 
Company (MI, USA) and Ford Motor Company provided funding 
for D.S. and A.R.B. A.R.B. also received funding from the Carnegie 
Endowment for prior research and data collection. D.G. and J.K. 
were funded through the Carnegie Endowment for International 
Peace, with primary funding from Carnegie’s endowment and 
additional funding from the Hewlett Foundation, ClimateWorks 
Foundation, and Alfred P. Sloan Foundation. The authors are grate-
ful to G. Cooney from National Energy Technology Laboratory (PA, 
USA) for constructive comments. 

SUPPLEMENTARY MATERIALS
www.sciencemag.org/content/361/6405/page/suppl/DC1 

10.1126/science.aar6859

Cumulative oil production (MMbpd%)

0

10

20

30

40

50

Cumulative oil production (million barrels per day)
0 10 20 30 40 50 60 70 80

0 10 20 30 40 50 60 70 80 90 100

Up
st

re
am

 c
ar

bo
n 

in
te

ns
iti

es
g 

CO
2e

q.
/M

J 
of

 c
ru

de
 p

et
ro

le
um

CI percentiles

Heavy
Others

Flare and heavy
Flare

5%
50% 75%

95%

25%

Global !eld-level upstream carbon intensity supply curve (2015)
Contribution of high !aring (labeled “Flare” with FOR >75th percentile of all "elds) and oil density (labeled ”Heavy” with API gravity ≤22°). Bar width re!ects the oil 
production of a particular "eld in 2015. Global GHG intensity percentiles (5%, 25%, 50%, 75%, 95%) are 4.7, 7.3, 9.1, 11.2, and 19.5 g CO2eq./MJ crude oil, respectively.

Global field-level upstream carbon intensity supply curve (2015)
Contribution of high flaring (labeled “Flare” with FOR >75th percentile of all fields) and oil density (labeled ”Heavy” with API gravity ≤22°). Bar width reflects the oil 
production of a particular field in 2015. Global GHG intensity percentiles (5%, 25%, 50%, 75%, 95%) are 4.7, 7.3, 9.1, 11.2, and 19.5 g CO2eq./MJ crude oil, respectively.

View publication statsView publication stats



● Pilot low salinity polymer flood is a robust and 
highly profitable project with a NPV10 

breakeven below $40/bbl

● Next step is to secure development partners 
(oil company or an alliance of contractors) to 
deliver a fully financed FDP

● FPSO contract is key to defining equity needs, 
Crondall Energy hired to secure the best FPSO 
deal

● Debt capacity is determined by the robustness of 
the proven reserve

● Equity can come either from industry (via farm-in) 
or the markets (via an equity raise) 

● We will choose the approach which maximises 
value for shareholders

14

A highly profitable project

N
PV

10
$ 0 m

$ 400 m

$ 800 m

$ 1,200 m

$ 1,600 m

$50/bbl $60/bbl $70/bbl

Pilot
Elke & Narwhal (factored by chance of development)



15

Potential area production
bb

ls
/d

ay

0

10,000

20,000

30,000

40,000

50,000

60,000

Year 1 Year 3 Year 5 Year 7 Year 9 Year 11 Year 13 Year 15 Year 17 Year 19

2P
2C
2U

Pilot Elke, Narwhal & Blakeney

Production profiles for Pilot, Elke, Narwhal & Blakeney as estimated by Sproule for the purposes of the CPR. Bowhead profile based on a Pilot profile scaled to match Bowhead resources.

Bowhead

● Bowhead success would prompt 
facility debottlenecking

● Scope for optimisation of 
development timing

● Further potential in Pilot 
channels and Elke satellites



● Pilot look-alike on northern side of salt swell from Pilot which shows up brightly on the top 
reservoir far stack amplitudes

● New seismic, which will help derisk the prospect and enable selection of the best well location available, to be 
purchased with IPO proceeds

● 43 MMbbl prospective resources, 
49% geological chance of success

● Orcadian intends to progress the 
drilling of Bowhead if the new 
seismic confirms prospectivity

● Funding strategy remains flexible, 
either farm-out or a secondary raise

● Petrofac estimated well cost c. £8m

16
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● Deliver a high return for investors

● Fully finance the polymer flood project for Pilot, 
two parallel approaches:

● Seek oil companies as farm-in partners

● Structure a contractor alliance to deliver the 
project with a minimised equity requirement

● Add value through focussed exploration and 
appraisal

● Drill low risk prospects close to planned 
infrastructure which increase project scale

● Progress resources into reserves and onto 
production

● Optimise area wide development plan

17

Objectives and Strategy



● Completion of concept confirmation work programme leading to OGA 
endorsement

● Purchase and interpretation of new seismic over Bowhead & Pilot, Pilot 
field determination 

● Vessel selection, including opportunity to redeploy or retool an existing 
vessel, potentially saving substantial costs; 

● Farm-out process to select development partner to be run in parallel with 
project financing process and contractor engagement

● Commitment to drill the Bowhead exploration well 

● Drill Bowhead well

● Environmental baseline survey and ES

● FEED, SCAP, PEP, DSA, FDP, UOA, Design Notice, operator approval etc

● Completion of full project financing package, Final Investment Decision by 
partners and FDP approval from OGA

18

Forward programme

Acronyms: FEED – front end engineering design; SCAP – supply chain action plan; PEP – project execution plan; DSA – decommissioning security agreement; 
FDP – field development plan; ES – environmental statement; UOA – unit operating agreement

Pilot Bowhead

Preparing the 
project for FDP 

submission

Prospect 
evaluation and 

pre-drill 
planning

Project financing
or farm-out

Farm-out or
fund raise

Drill 21/27a-8
FDP 

submission by 
Operator



● Comparables are non-producing, London 
listed, oil and gas companies, with clear 
statements about their resource base

● Red dots are a calculation of the market 
cap (as at 16/7/21) divided by the sum of 
the net 2P reserves, 2C contingent 
resources and funded, risked 2U 
prospective resources

● Remember 2P is better than 2C, and 2C 
is better than risked 2U

● 2U (even when risked) can only become 2C 
if the exploration well is funded

● 2C can only become 2P if there is no more 
appraisal drilling needed and there is a 
feasible mature development plan which is 
likely to get financed

19

Comparable companies value per barrel

Market capitalisations as of 20/7/21; For Empyrean’s Jade prospect a 30% recovery factor was assumed
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● Substantial reserve base with significant 
exploration and appraisal upside

● Pilot project well advanced

● Core projects with NPV10 of over $1.0 billion 
at $60/bbl and $1.4 billion at $70/bbl*

● Multiple paths forward to finance the project

● Highly experienced  management team 
focussed on maximising shareholder return

● Proven capability to identify and secure 
developable resources at low cost

● Project in line with OGA’s Net Zero goals

20

Why Orcadian?

*Includes Sproule estimate of chance of development
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