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NORTH SEA ECONOMICS

Research in North Sea Economics has been conducted in the Economics Department
sincel973. The present and likely future effects of oil and gas developments on the
Scottish economy formed the subject of a long term study undertaken for the Scottish
Office. The final report of this studyhe Economic Impact of North Sea Qil on
Scotland was published by HMSO in 1978. In more recent years further work has
been done on the impact of oil on local economies and on the barriers to entry and
characteristics of the supply companies in the offshore oil industry.

The second and longer lastingithe of research has been an analysis of licensing and
fiscal regimes applied to petroleum exploitation. Work in this field was initially
financed by a major firm of accountants, by British Petroleum, and subsequently by
the Shell Grants Committee. Muchi this work has involved analysis of fiscal
systems in other oil producing countries including Australia, Canada, the United
States, Indonesia, Egypt, Nigeria and Malaysia. Because of the continuing interest in
the UK fiscal system many papers have beedyced on the effects of this regime.

From 1985 to 1987 the Economic and Social Science Research Council financed
research on the relationship between oil companies and Governments in the UK,
Norway, Denmarkand The Netherlands. A main part of this work involved the
construction of Monte Carlo simulation models which have been employed to
measure the extents to which fiscal systems share in exploration and development
risks.

Over the last few years the raseh has examined the many evolving economic issues
generally relating to petroleum investment and related fiscal and regulatory matters.
Subjects researched include the economics of incremental investments in mature oll
fields, economic aspects of the IBIE initiative, economics of gas developments and
contracts in the new market situation, economic and tax aspects of tariffing,
economics of infrastructure cost sharing, the effects of comparative petroleum fiscal
systems on incentives to develop fieldsl amdertake new exploration, the oil price
responsiveness of the UK petroleum tax system, and the economics of
decommissioning, mothballing and-wee of facilities. This work has been financed

by a group of oil companies and Scottish Enterprise, Eneigye work on CO2
Capture, EOR and storage was financed by a grant from the Natural Environmental
Research Council (NERC) in the period 2008008.

For 2aL4 the programme examines the following subjects:

a) Prospective Full Cycle Returns from Futlmeploration

b) Brownfield Allowance, EOR, and Decommissioning Relief

c) Comparison of UK and Norwegian Petroleum Taxation Systems

d) Effects of Decommissioning Relief Deed on Incremental Investments
e) Econanics of Shale Gas

f)  Access to Capital



g) Assessment of Wood Review
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Tax Incentives for CO2EOR in the UK Continental Shelf

Professor Alexander G. Kemp
and
Dr Sola Kasim

1. Introduction

The UK Government has routinely introduced tax incentives to maximise
economic oil and gas extraction in the UKCS, including for EOR
schemes. But CO,-EOR schemes have thus far beswluded, despite

the widespread acknowledgment that a major barrier to the deployment of
CCS investments in general a@®,-EOR in particular is their relative
costlinessin relation to the revenues Yet, CQ-EOR could provide
roughly 60% of the estimated 1.5 billion barrels of oil producible through
EOR (DECC, 2009). The present study explores how the economics of
CO,-EOR investments might benefit from an extension to iseferal
possible tax incentives including the Brown Field Allowance (BFA) and
an investment uplift akin to that proposed for ultra high pressure, high

temperature fields

2. Methodology

It is assumedhat having resolved the technical, engineering, geoldgic
and CQ feedstock issues, the single most important consideration
militating against a COEOR investment is the project cosh relation to

the prospective revenues This study attempts tolve the problem by
investigatinga package of targeted fiscal incentives that miglake the
projects more attractive by reducing the difference betweetagrand

posttax returns



In order to demonstratéhat fiscal incentives are needed to encourage
first-mover techical and financial risksrelating to commercial scale
CO,-EOR projects, a hybrid spreadsheet model (in Exedlgatingreal
world financial and physical (reservoir simulation, producticomditions
was formulated from the perspective of privatector investos, and
optimised with respect tproject net present valy®&PV), subjet to the
constraints of profithon-negativity, and oil production determined by
reservoir engineering princigaunderpinned by physical laws relatitog
the CQ-injectionoil yield. The yield factor embodies decreasEQR

in relation to the cumulative amount of GOinjected. The input
assumptions and parameters are based on a literature review and

knowledge ofealworld conditions.

CO,-EOR projects are normally designed as a closed loop system in
which the process is kick started with imported,COhe produced oil
contains some COwhich is captured, recompressed, combined with
more imported CO, and reinjected to produce oil. The process is
repeated for as long as profitabilippntinues Apart from producing
more oil, the assumed continuous £@cycle process serves the two
useful purposes of (a) steadily reducing the project OPEXventudy
reducing the amount of purchased £@nd, (b) ensuring that the
produced CQ®is not released to the atmosphere. The following vector
autoregressive model in Kemp and Kasim (2013) relating the annual
volumes of the fresh (or purchased) and recycled, @A@d the
hydrocarbon gas produced at the oilfield was used to reservoir

engineering principles into the financial model.

Qi Qi @ + afresh; + axecy; + ashcgas; + aoili, +- 2
recyy = by + bsfresh + borecy; + bshcgag; + bsoil o +- )
hcgas = co + cifresh.; + corecy.; + cshcgag; + c40ily, +- (4)



where:

fresh = the volume of fresh C{purchased and injected at period t
recy = the volume of C@produced and recycled at time t

hcgas = the volume of hydrocarbon gas produced at time t

oil = CO,-EOR oil produced at time t
t =time
- =error term i=1,2,3

The error term capt ur e’sthabnmyocduiimci den
the reservoir. The volume of oil producedt# is exogenous and a

proxy for the remaining oil reserse

Given the optimised cash flow strearascenario analysis technique was
then deployed to investigate the financial consequences to the streams of
various taxallowances that might be applied to encourage-EOR
investments. In particular, the analysis addressed the specific question of
whetheror not the C@EOR projects culd beeconomicallydeveloped.

The following are the key assumptions and paaters of the scenario
analysis

3. Assumptions

I.  Key model assumptions

Whilst the detailed assumptions and parameters of the optimisation model
can befound in Kemp and Kasim (2013), the following are especially
noteworthy

a. Timeline

Platform modification, well revork, pipeline refurbishment and/or new

build as well as field r®pening where necessary are assumed to

! Defined as the injected G@hat is trapped within the geologic formation and does not come back up
with the EOR oil. Between 5% and 10% of the purchased CO2 remain permanently trapped or
sequestered in the reservoir (Melzer, 2012).



commence in 2020. The injection @lurchased and recycled €O
commencs in 2023, initially with the former alone. Th@ercentage)
preponderance of purchased L0 the total amount injected annually
while remaining constant iabsolte terms,reduces over timandceags

in 2042. First oil is produced in 2025, rising to a peak and declining
thereafter at an increasing pace towardsehe of the study period in
205Q reflecting diminishing returns to tH@0O, EOR activity. The exact

date is determined by the economicitim

b. Oil and CO, transfer prices

Oil prices are expected to be volatile during the peridd.an example

the EIA (2014) forecast a Reference scenario oil price ranging from $97
to $142 per barrel (real 2012). The present study ass$i2d per
barrelin real terms, given that the projects commeseeeral years into

the future, namel2020.

Two delivered CQ prices are considered. One is zero and the other a
relatively modestprice of £9/tCG*. The zero carbon pride assumed in

the study tobe a proxy for commercial incentivisation, given the
acknowledged need for cheap EOR injectants irioentivise the
investment (DECC, 20093)

li.  Scenario analysis assumptions and parameters

Two sets of scenarios were run with the current and hypothetical levels of

the BFA andnvestment uplifallowances respectively.

2 The average price is $25 or £16 per tonne Onsti&# (Melzer, 2012). This price is tied/coupled

to the oil price by a certain percentage (1.5% to 2.5%), where carbon prices are stated as per mcf of
CO, (NEORI, 2012)

3DECCIi PILOT Meetingi 10 November 2009.
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() The BFA: Unit and maximum available allowance

variations

As fromthe ?Sept ember 2012, qualifying

Allowances (BFAs). Qualifying projects include those designed to
maximise oil and gas tertiary production in and around exigtioducing

fields. Because of concerns regarding cost apportionment across the
upsteam/downstream boundaries, BBEA does not apply t€O,-EOR
projects. Given theassurance that the possible eventual inclusion gf CO
EOR projects would be kept undesview (DECC, 2013)this study

assumeshatthese projects could be included in the future.

Currently, themaximum BFA per barrel of incremental reserves is
around £6.82 (£50/tonne) for qualifying projects whose expected
minimum capital cost (CAPEX) isround£8.19/barrel (£6/tonne) of
incremental reserveThe maximum allowance is for a project having a
verified CAPEX ofaround£10.91 (£80/tonne) or more. Trieearecaps
on the aggregate allowanéer a PRTFpaying projectof £500 million,

£250 millionfor a nonPRTone

In the experimental runs, th&FA per barrel was increased t
(£13.64/bbl., £100/tonne), (£27.29/bbl., £200/tonne), and (£34.11/bbl.,
£250/tonne), with theverall capsremoved where expedient. Fig. 1
summarises the variations the unit BFAs included in the experimental

runs.

“ DECC, BFA Guidance

E OR

economic recovery of hydrocarbonso

a



Fig. 1: Brown Field Unit Allowance variations

Brown Field Allowance Schedule (current and hypothetical)

40.00
35.00

30.00 /|
25.00 } / !
20.00 :

15.00
10.00

BFA per barrel (€/bbl)

o v
8 8

8.19 1091 11.91 12.91 13.91
CAPEX/Total cost per bbl incremental reserve (£/bbl)

In Fig. 1 the BFAs in per barrel terms are drawn along tariy and the
expected CAPEX per barrel of incremental reserves alongaxésx

(i)  Investment wlift allowance

In order to further incentivise exploration and production activities in the
UKCS, the Government has committed to a new cluster area allowance
for vHPHT oil and gas projects. As its name implies, théRIHT uplift

is a tax relief additinal to the original oil and gas production CAPEX
relievedon 100% first yeambasis The confirmed minimum level of the
proposed allowance is 62.5% of the qualifying CAPEX incurred in a
cluster area. The study experimented with hypothetical allowances of
62.5%, 70%, 75% and 80%r CO, EOR projects

lii. PRT, Supplementary Charge and taxbasis variations
For both sets of experimeninvolving the BFA andiplift allowances, the
sensitivities of the resulting NPVs with respect to PRT andr&€

variations werdested.



a. PRT rate variations

The Petroleum Revenue Tax (PRT) is a fie&$ed tax on the profits of
oil and gas operators in the UK/UKCS. The current rate is SRémp
and Kasim (2013) demonstrated that exemptiagable fields which
engage irCO,-EORfrom PRT payments would significantly improve the
profitability of CO,-EOR investments. However, given that the
government mightnot be inclined tolevy a zero rate the study
experimented with reduction 8% and 17.5%ates respectively

b. Supplementary Chargei rate
Oil and gas companies in the UK/UKCS pay Supplementary Charge (SC)
on their ring fence profits at the current rate of 32Experimental runs
were conducted by reducing the SC from the current 32% to 25%.

c. Supplementary Chargei allowances
Two allowances are considered. One is therent BFA which is
CAPEX-basedfor qualifying projects and the other is a hypothetical
Total costbasis,including partial or full OPEX. Total cost withull
OPEXis the sum of the CAPEX and the cumulative ORIpXto the last
date of CO, purchases The second case is total cost wotirtial OPEX
only which add®nly thedevelopment phase OPEX to the CAPEX

4. Selected Fields

Four fields of varying sizes and GEOR potential were selected as case
studies. Theeare Brae, Buzzard, Claymore and Miller. Map 1 shows
the relative geographical locations of the selected fields while Table 1

shows a summary of their EOR potentiad relevanprojectcosts



Map 1: Location of selected case study oilfields in the UKCS

Source: adapted from Kemp and Kasim (2013)

Map 1 shows that the selected fields are in relative close proximity to one
another and, can form a cluster area along th&e8justo-Miller
backbone 36nch pipeline (Kemp and Kasim, 2013).



Table 1: Summaryof cost profiles of selected hypothetical COEOR
Projects in the UKCS

Brae Buzzard | Claymore| Miller

Potential EOR (mmbbls) 33 94 69 53
Investment cost (Em. real 316 802 719 601
Investment cost per barre 15 15 17 18
($/bbl.)

Lifetime Operating cost 838 996 1320 698
(Em. real)

(excl. CQ cost)

Operating cost per barrel 41 17 31 21
($/bbl.)

Lifetime Operating Cost 1132 1760 1838 1056
(Em. real)

(incl. CG, at £9/tCQ)

Operating Cost (incl. 55 30 43 32

CO,) per barrel ($/bbl.)

Source: Kemp and Kasim (2013)

Brae

The Brae oilfield complex is located some 230 km from St. Fergus, the
assumed onshore G@athering and digbution hub. The field liest a
water depth of 106 metres. The estimated OOIP is 610 msmbb
Productionstarted in 1983and thus Brae is PRdaying The water cut



reached 73% in 2012. Tableiddicatesthat an estimated 33 million
barrels of C@Q-EOR oil could be produced with a CAPEX real cost of
£316 million or about £9.6 ($15.4) per barrel. The tqiadject cost
including the cumulative OPEX is £1.4 billipor about £44 ($70) per
barrel if the CQ was purchased at the price of £9/¢COf commercial
incentivisation resulted in the delivered cost of the, ®éng zero, the

total project cost reduces £1.2 billion or about £35 ($56) per barrel.

Fig. 2: Brae: Business as Usual (BAU) and
potential CQ-EOR oil (1982050)

(2}
o

a
o

N
o

w
o

m Total oil produced
m Base/BAU

mmbbls per year

N
o

=
o

o

2031
2034
2037
2040
2043
2046
2049

Fig.2 shows the historicand EOR potential of the Brae field complex.
The businesssusual (BAU) schedule is the estimated production
without CQ-EOR, while he ptal oil scheduléencludesthe additionfrom
EOR.
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Buzzard

Buzzard is located 62 km from St. Fergus and lies at a water depth of 100
metres. T h e ¢.1200 erimdb&s svith Qvatér But at 81% in
2012, suggesting a greater volume of potential-EOR oil than Brae.

Buzzard is anon-PRT-paying field.

Table lindicatest he f i el d 6 sEOR potemtiahaf 94&nimbllsO
produciblewith a real CAPEX cost of £802 million, or about £8.6 ($13.7)
per barrel. If the delivered cost of the captured SQero, the estimated
total propct cost is £1.8 billion or about £19 ($31) per barfedying a
positive price for the captured GOf £9 per tonneresuls in a total

project cost of £2.6 billion or about £27 ($44) per barrel.

Fig. 3: Buzzard: BAU and potential CO,-EOR oil produced (2006-2050)

00
o

~
o

@
=]

ul
=]

Total with EOR oil produced (mmbbl/yr)

N
o

B Base/BAU oil (mmbbl/yr)

mmbbls per year
o
=

]
=]

=
o

0
2006 2009 2012 2015 2018 2021 2024 2027 2030 2033 2036 2039 2042 2045 2048

Fig. 3 shows the production profile of the potentiatiidnal oil at
Buzzard and the field life extension as a result of,-EOR if the

investment was undertaken.
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Claymore

Claymore is located some 141 km from St. Fergus and lies at a water
depth of 104 metres. The fieldbés
Production started in 197ahd soClaymore is a PR-paying field The

field is relatively mature with wateutat 78% in 2012.

Table 1 shows that the estimated incremental-EOR oil is 69 mmbbls
produced at a real capital cost of £719 milliorabout £10.4 ($16.7) per
barrel. The total project cost is estimated at $2.0 billion or about £29.6
($47.3) per barrel, if the captured €®as delivered at zero costhis
increases to £2.6 billion or about £37.1 ($59.3) if the capturedwz®
deliveral ata price ofE9/tCO..

Fig. 4: Claymore: BAU and CO,-EOR oil produced (1977-2050)

o~
o

w
[l

w
S

]
w

]
=]

Total with EOR oil produced (mmbbl/yr)
M Base/BAU oil (mmbbl/yr)

mmbbls per year

-
w

=
o

Fig. 4 shows the differenoghich the CQ-EOR project can potentially
make to the fieldos producti on prof

increases in production and the field life extension.

Miller
Miller is located 242 km from St. Fergus to which it is linked by a 30
inch gaspipeline. The pipeline is the backbone serving the cluster of four

12



fields in the sample formed around it. Miller lies at a water depth of 100
metres. Oil production ceas@ 2007 butthe study assursehat it can

be reopened for C®EOR under favourable techsmonomic
conditions. As a rgmened fieldit is assumed that like ArgyAfdmore
Alma it will be anonPRTfield.

The estimated incremental GBOR oil is 53mmbbls at a real CAPEX
of £601 million or about £11.3 ($18.1) per barrel. If the delivered
captured C@ was zerevalued, the estimated total project cost is £1.3
billion or about £24.5 ($39.2) per barrel. However, if the,@@s
delivered at £9/tC¢) the estimated project cost rises to £1.7 billion or
about £31.3 ($50.0) per barrel.

Fig. 5: Miller: Potential Incremental CER2OR

oil produced

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

mmbbls per year

2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

Fig. 5 shows the potential GEOR oil production profile. In this case
there is no BAU oilprojection because the field hatready ceased
production The productiomprofile showsoutput being ramped up in four
years (2028029) reaching a peak in 2029 of 4 mmbbls. This is
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followed by a thregear production plateau (202931) and decline
from 2032.

5. Financial Simulations Undertaken

Experimental runs were conductetb investigate he financial
consequencesn project profitability ofvarious tax schemes as discussed

above In each set, a base scenario was first developegrofitability

index (NPV@10%/1@10% discount ratalysed, and then subjected to

variations in some of the original data input/parameter assumptigns.
hurdle rate of NPV/ I ) 0.3 is convel
investmerg in the UKCS.

6. Results

The fieldby-field experimental results are presented in Tables 2 to 6.
The graphicakummaries are in two sets of panels. The left hand side
(LHS) panelsinclude an assumed commercial incentivisation scheme
which delivers C@at zeroprice to the fieldsas well as tax incentives
while the right hand side (RHS) panels are based ofisite incentives
andpaymenfor CO, of £9/tCG inreal terms

(a)Brae
The potential efficacy of BFAs toincentivise CO,-EOR
The results of the experiments investigating the possible effectiveness of
anenhancementf BFAs for CO2EOR at Brae are presented in Table 2.
The projecthurdle rateis a minimum NPV/Iratio of 0.3 in this and all

other cases. The basistbéal | owance is the project:

14



Table 2: Brae: Sensitivity of NPV/i to variations in PRT, given BFAs
(CAPEX-based) and captured CQprices.

Current and hypothetical BFAs with captured
CO, price=£0/tCQ

Current and hypothetical BFAs with captured
CO, price=£9/tCQ

Fig.2.1a: Base scenario: PRT @ 50%

Fig. 2.2a: Base scenario: PRT @ 50%

Brae: Scenario 1: Sensitivity of NPV/i to variations in BFAs (CAPEX-based) with PRT @ 50%
(oil price=$120/bbl; €O, price=£0/tCO,) (Min=£60, Max=£80/tonne)
0.60
0.50
040 |
=
Z 030  post-tax NPY/I [CAPEX-based)
H (CO2=£0/tonne)(SC=32%)
 pre-tax NPVI (CAPEX-based)
020 (CO2=£0/tonne){SC=32%)
0.10 ¢
0.00 +
1364 27.28
BFA - current and hypothetical (£/bbl)

Brae: Scenario 2: Sensitivity of NPV/i to variations in BFAs (CAPEX-based) with PRT @ 50%

(oil price=$120/bbl; CO, pric /tCO,) (Min=£60, ) with PRT @ 50%

0.25

0.20

015
E ' post-tax NPV/1 (CAPEX-based)
] (C02=£9/tonne)(SC=32%)

0.10  pre-tax NPV/I {CAPEX-based)

(CO2=£9/tonne)(SC=32%)
005
0.00

0.00 6.82 1364 2728 3410

BFA- current and hypothetical (£/bbl)

Fig. 2.1b: PRT@ 25%

Fig. 2.2b: PRT @ 25%

Brae: Scenario 1b: Sensitivity of NPV/i to variations in BFAs (CAPEX-based) with PRT @25%
(oil price=$120/bb; CO, price=£0/tC0,) (Min=£60, Max=£80/tonne)
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Fig. 2.1c: PRT @ 17.5%

Fig. 2.2c: 6 PRT @ 17.5%

Brae: Scenario 1bb: Sensitivity of NPV/i to variations in BFAs (CAPEX-based) with PRT @ 17.5%
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Brae: Scenario 2bb: Sensitivity of NPV/i to varlations in BFAs (CAPEX-based) with PRT @ 17.5%
(oil price=3120/bbl; CO, price=£9/tCO;) (Min=£60, Max=£80/tonne)

025

020

015
% W post-tax NPV/I [CAPEX-based)
z (CO2=£9/tonne)

0.10 m pre-tax NPV/I (CAPEX-based)

(Co2=£9/tonne)
0.05
0.00

6.82 1364 2728
BFA - current and hypothetical (£/bbl)

3410

Fig.2.1la summarises the results

of the basse with combined

commercial and fiscal incentive8efore tax the NPV/I ratio exceeds 0.5.

Under the status quo of paying PRT at 50% and not receiving any BFAs
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for CO,-EOR projects, the NPV/I is a mere 0.091, clearly +vable

from the perspective of the field operatorSelected current and
hypotheticallarger levels of the BFA were applied tthe CO,-EOR
project. Thus, the NPV/I improves by 15% to 0.105 if the current level of
the BFA was extended to tii#0,-EOR project. This is still significantly
below the investment hurdle rate. Successive increases in the BFA up to
five times the currenlevel raised the potential NPV/I to a maximum
0.159. Clearly the combined incentivisation scheme is inadequate, at the
chosen levels of the BFA and current PRIE.may be noted that this
conclusion remains the same even when theg®&vas reduced t@5%

as the maximum NPV/I increased by only 3% to 0.163.

Fig. 2.2.a summarises the corresponding results of the base case scenario
with fiscal incentives onlyith the investor paying £9 per tonine real
termsfor its CO, feedstock. Unsurprisingly, therqgect economicsare
muchworse. The pretax NPV/I ratio becomes 0.22The bestposttax

NPV/I ratio is 35% lower (at NPV/I = 0.104) than with the commercial

incentive case.

Fig. 2.1b summarises the results of reducing the PRT rate to 25% in the
fiscalwith-commercial incentives base case. Halving the PRT rate
increass the profitability index along with the most generous BFA by
31% (NPV/I = 0.209). Halving thePRT rate is insufficiento reach the

investmenhurdle

Fig. 2.2b summarises the results of halving the PRT imatbe fiscal
incentiveonly base case scenario. The 20% improvement in this
scenar i orétie (to DR2BY over its base case, is lower than its

corresponding fiscgblus-commercial incentive & (Fig. 2.1b). Again,
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the profitability of the fiscalncentiveonly case does not match that of
the caresponding combined incentivend the NPV/I ratio is well below

0.3 even with a very large BFA.

In Fig. 2.1c, the PRT rate is reduced further to 17.5%. This produces a
57% improvement in the NPV/I ratio to 0.249 (from 0.158} with a

very large BFA.This is still below the investment hurdle.

Fig.2.2c representing the fisaalcentiveonly scenabo corresponds to the
combined incentives scenario summarised in Fig. 2.1c. The maximum
attainable NPV/I is 0.143 with a very large BFA, representing a 38%

improvement, bustill insufficient toreach thenvestmenturdle

The conclusionfrom the resultsummarised in Fig. 2.1a though Fig. 2.2c
is that, even with very high levels of BFAs (up to five times the current
level) combined with lower PRT (down to 17.5%) and captured f6O

EOR at zero cost may be inadequate to encourageEC® at Brae.
The potential efficacy of investment uplifts to incentivise CQEOR

Figs. 3.1a to 3.2c summarise the results of applying various commercial
and fiscal incentives to the GEOR investment incorporating the
investment uplift for SC. The commercial incentiveassdefined above
while the two levels of fiscal incentives now include lower PRT and
investmentfor SC uplift at 0%, 62.5%, 65%, 70%, 75% and 80% of
incremental CAPEX.
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Table 3: Brae: Sensitivity of NPV/i to variations in PRT,with
investmentuplifts for SCand CO, prices

Current and hypothetical investment uplifts (CAREXed)
with captured CQprice=£0/tCQ

Current and hypothetical investment uplifts (CAREXed)
with captured CQprice=£9/tCQ

Fig.3.1a: Base scenario: PRT @ 50%

Fig. 3.2a: Base stario: PRT @ 50%

Brae: Scenarie lu: Sensitivity of NPV/i tovariations in investment uplifts [CAPEX-based) with PRT @ 50%
|cil price=$120/bbl; CO; price=£0/tCOz)
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Fig. 3.1b: PRT @ 25%

Fig. 3.2b: PRT @ 25%

Brae: Scenario 1bu: Sensitivity of NPV/i to variations in investment uplifts (CAPEX-
based) with PRT @ 25%
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Brae: Scenario 2bu: Sensitivity of NPV/i to variations in investment uplifts (CAPEX-
based) with PRT @ 25%
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Fig. 3.1c: PRT @ 17.5%

Fig. 3.2c: PRT @ 17.5%

Brae: Scenario 1bbu: Sensitivity of NPV/i to variations in investment uplifts (CAPEX-
based) with PRT @ 17.5%
(oil price=$120/bbl; CO, price=£0/tC0O,)
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Brae: Scenario 2bbu: Sensitivity of NPV/i to variations in investment uplifts (CAPEX-
based) with PRT @ 17.5%
(oil price=5120/bbl; CO, price=£9/tC0O,) with PRT @ 17.5%
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Fig. 3.1a shows that at the current rates of PRT and SC commercial

incentivisation alone (i.e. withouinvestment uplift allowance) would

generate an NPV/I = 0.091.

However, combining the commercial

incentivewith 62.5% investment uplift yields a stronger improvement in
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the projeadis profitability (126%) than does an application of the current
BFA level (15%). Nevertheless, the profitability index at NPV/I = 0.206
Is still belonv the assumed hurdle raténcreasing the westment uplift to
80% increasethe NPV/I to 0.238.

The resuk summarised in Fig. 3.2a of the base case scenario of the
fiscakincentivesonly regime follows the same reasoning as the
corresponding combined incentivisation in Fig. 3.1a. PagagCO;
dampens the investment returns relative to the zero carmaspenario

at each levebf the investment allowance. The combined incentivisation

scheme isnuchpreferable to the investor.

The results when the PRT rate in the case of combined incentives is
lowered to 25% are summarised in Fig. 3.1b. With an allowarce
62.5% the NPV/Iratio =0.256 which is 24% higher than the base case
scenario. The allowance was increased in stages to 80%, at which point
the NPV/I = 0.288 which is 21% higher than the corresponding base case

scenario and close to the assumed huwtlx3.

Fig. 3.2b summarises the experimental results when the PRT rate is
reducedo 25% from the fiscalncentiveonly base case scenario. When
the investment allowance is 62.5% the NPV/I ratio is 0.172. This is an
improvement of 14% over the baseseacenaridut 33% lower than the
corresponding combined incentives case. The NPV/I at the assumed
maximum rate of 80% is 0.204. This represents an 11% improvement
over the base case, but 29% less than the corresponding combined

incentives package.
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Figs 3.1c and 3.2c summarise the results when therB®Ts reduced
further to 17.5%

Before applying the investment uplift, the reduction in the P&R&from

50% to 17.5% increased the profitability index by 99% to 0.181 (from
0.091) but this is stillvell below the investment hurdle. Applying the
investment uplift rate of 62.5% increases the profitability index further by
44% to 0.296 which is very close to the assumed hurte hurdle rate

of NPV/I = 0.300 is exactly satisfied when the allowarsceaised to 65%
rate. Significantly, only 64% of the maximum available allowance of
£800 million would have been used up. Increasing the allowance to 80%

improves the profitability index to 0.328.

There are two noticeable features of Fig. 3.2c. Firdthe fiscal
incentivisation through the investment uplift allowance coupled with
reduction in the PRT rate was not strong enough to reach the required
profitability threshold. Thisis in spite of themajor narrowing of the pre

and postax profitability index as the allowance rates increased. Indeed,
at the assumed 80% maximum allowance rate, the-taosNPV/I
(=0.222) is marginally higher than the gex one (0.221). Other things

being equal, this is undesirable.

The conclusions that can be reachHsean the analysis are that when
either the BFA or investment upl i ft
the combined commercial and fiscal incentives are potentially more
effective in encouraging CLEOR investments and, (2) the combined
package incorpoteng the investment uplift ismuch more likely to
encourage investment compared to the package incorporatingds e

various rates of allowance considered
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The potential efficacy of BFAs to incentivise C@EOR (Total cost
basis) (partial OPEX)

The next step in the analysis was an investigation of the relative efficacy

of the incentives when the basis of
rather than capital cost. The tetastwith-partial OPEX (TCWPO) is
considered at this stage. Theaximum allowanceis available at
£10.91/bbl. (£80/tonn&pf incremental reservesBut, where necessary

the existing cap on the maximum available total allowance for a PRT
field (E500 million) is lifted.

® See Fig.1.
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Table 4: Brae: Sensitivity of NPV/i tovariations in PRT, given BFAs
(Total costbased) and captured CQ prices.

Current and hypothetical BFAs with captured
CO, price=£0/tCQ

Current and hypothetical BFAs with captured
CO, price=£9/tCQ

Fig.4.1a: Base scenario: PRT @ 50%

Fig. 4.2a: Basscenario: PRT @ 50%

Brae: Scenario 1: Sensitivity of NPV/i to variations in BFAs (TC-based) with PRT @ 50%
(oil price=5120/bbl; CO, price=£0/tCO;) (Min=£60, Max=£80/tonne)
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Fig. 4.1b: PRT @ 25%

Fig. 4.2b: PRT @ 25%

Brae: Scenario 1b: Sensitivity of NPV/i to variations in BFAs (TC-based) with PRT @ 25%
(oil price=§120/bbl; €O, price=£0/tC0,) (Min=E60, Max=E80/tonne)

W post-tax NPV/| (TC-based)
z (co2=£0/tonne)

= pre-tax NPV/I {TC-based) (CO2=£0/tonne)

0.00 6.83 13.66 2728
BFA - current and hypothetical (£/bbl)

3411

Brae: Scenario 2b: Sensitivity of NPV/i to variations in BFAs (TC-based) with PRT @ 25%
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Fig. 4.1c: PRT @ 17.5%

Fig. 4.2c: PRT @ 17.5%

Brae: Scenario 1bb: Sensitivity of NPV/i to variations in BFAs (TC-based) with PRT @ 17.5%
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Brae: Scenario 2bb: Sensitivity of NPV/i to variations in BFAS (TC-based) with PRT @ 17.5%
{oil price=$120/bbl; €0, p /1€0,) (Min=£60, )
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Comparing the results summarised in Fig. 4.1a with those in Fig. 2.1a, it

is seen that the application of the current BFA using the TCWPO basis

resulted in a 7% improvement in the NPV/I index over the CAPEXis
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(0.112 v. 0.105). The total amount of Ble8ed up increased by 54% but
remains less than the maximum available of £500 million. The
application of five times theucrent unit BFA resulted in N#I = 0.196,
which is an improvement of 23% over the corresponding CAB&3éed
allowance. However, théotal amount of BFA used increases to 2.2

times the current maximum available.

Comparing Figs. 4.2a and 2.Jadicates the same patter in the
relationship between the profitability indices of the CAPRPE3nd
TCWPObased allowances. As Dbefore, the induc&fFA-only
profitability indices in Fig. 4.2a are generally lower than the
corresponding combined incentives packagewnin Fig. 4.2a. Indeed
the highest NPV/I at 0.141 is only 72% of the combined incentiase.

Adding to the combined incentives in Fig.1a (base case), the further
incentive ofthe PRT ratereduction to 25%, the results in Fig. 4.1b show
a general improvement in the profitability indices. Thus, when the
current unit BFA is applied, the NPV/I improves by 45% (from 0.112 to
0.162. Howeer, the maximum NPV/I = 0.24t this scenaripeven
though higher than the base case by 26%ostill below the minimum
threshold.

The results summarised in Fig. 4.2b can be compared with those in Fig.

4.1b in the case of the fise@centivesonly regime. The combined

incentives casalong withthe PRT reduction to 25% in this scenario
generally improves the profitability indices but not so robustly. Thus,

unlike the 45% increase in profitability in the initial combined
incentivisation scheméhe coresponding increase in this scenario is only

37% ( NPV/ I = 0.078 v. NPV/ I = 0.057)
profitability index reaches 0.162, whicht 15% abovedhe base case
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represents a relatively weak improvement compared to the combined

incentives case.

Fig. 4.1c summarises the results when the base case of the combined
incentive scheme (in Fig. 4.1a) is enhanced by reducing the PRT rate to
17.5%. Applying the current unit BFA improves the profitability index
(over the base case) by 80%2@2 v. 0.112). The index improves by
42% to 0.286 if the current unit BFA is multiplied five times. While not
shown in Fig. 4.1c, the hurdle rate is marginally surpassed (NPV/I =
0.307) if the current unit BFA was multiplied six times (to £40.91/bbl.).

Fig 4.2c summarises the base case of the fiacahtivesonly regime
being further incentivised by reducing the PRite to 17.5%. Applying
the current unit BFA improves the NPV/I by 68% (again, less strongly
than the corresponding combined incenticase) to 0.096. Increasing
the current unit BFA five times improves the profitability index by 88%
to 0.180. When the current unit BFA was multiplied six times it yielded
NPV/l = 0.201. Generally, as in the previous cases, the profitability
indices of his scenario are significantly lower than in the corresponding

combined incentives package.
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The potential efficacy of uplifts to incentivise CO2EOR (Total cost

basis) (partial OPEX)

Table 5: Brae: Sensitivity of NPV//i to variations in PRT, given uplifts
(Total costbased) and captured CQ prices

Current and hypothetical investment uplifts (Total €ost
based) with captured G@rice=£0/tCQ

Current and hypothetical investment uplifts (Total €ost
based) with captured GQrice=£9/tCQ

Fig.5.1a: Bas scenario: PRT @ 50%

Fig. 5.2a: Base scenario: PRT @ 50%
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{oil price=5120/bbl; CO; price=£0/tC0;)

2.580
2.50
0.40
E 2.30 W post-tax NPV/I [TC-based)
H (CO2=£0/tanne)(5C=325)
0.20 W pretax NPV [TC-based)
|Co2=£0/tanne)(5C=325)
2.10
0.00 4

6250% 65.00% 70.00% 75.00% B0.00%

investment allowance -current and hypothetical {% of partial OPEX}

000%

Brae: Scenario 2u: Sensitivity of NPV/i to variations in investment uplifts (TC-based)
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Fig. 5.1b: PRT @ 25%

Fig. 5.2b: PRT @ 25%

Brae: Scenario 1bu: Sensitivity of NPV/i to variations in investment uplifts (TC-based)
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Brae: Scenario 2bu: Sensitivity of NPV/i to variations in investment uplifts (TC-based)
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Fig. 5.1c: PRT @ 17.5%

Fig. 5.2c: PRT @ 17.5%

Brae: Scenario 1bbu: Sensitivity of NPV/i to variations in investment uplifts (TC-
based) (% of partial OPEX) with PRT @ 17.5%
(oil price=$120/bbl; CO, price=£0/tCO,)
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In Fig. 5.1a, applying the uplift at tl&2.5% rate on the TCWPO basis

part ofthe combined incentives packagenerated NPV/I = 0.223. This
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Is 8% higher than the corresponding CAREXsed allowance (in Fig.

3.1a). Increasing the allowance rate to 80% improves the NPV/I to 0.259.

In Fig. 5.2a, NPV/l = 0.167 when the 62.5% allowamate is applied in
the fiscalincentivesonly case on TCWP®asis. This is 11% higher
than the corresponding CAPEb)ased allowance (in Fig. 3.2a). The
stronger improvement in profitability in this scenario compared to the
corresponding combined incevds casein Fig. 5.1a is noteworthy.
Increasing the allowance to 80% improves the profitability index to 0.204
which is still 11% above the CAPEMased allowangebut 21% lower

than the corresponding combined incentive scheme.

Further incentivising theanbined incentives package by reducing the
PRT rate to 25% produced the results summarised in Fig. 5.1b. The
reduction improves the profitability index over the base case (Fig. 5.1a)
by 22% (0.272 v. 0.223) when the 62.5% allowance rate is applied. By
raising the allowance rate to 75% there is a 10% improvement in project
profitability with NPV/I = 0.298. An increase in the allowance rate to
80% generates a 14% higher NPV/I = 0.309. These results are interesting
because they show that, compared to theesponding CAPE>ased

case (where the hurdle rate was not met), an adoption of the TCWPO can

lead to the realisation of the hurdle rate with PRT reduced to 25%.

In Fig. 5.2b, applying the 62.5% allowance rate and the 25% PRT rate
from the fiscalincentvesonly base case (Fig. 5.2a) generates a 13%

increase in the profitability index to 0.189 (from 0.167). Increasing the

allowance rate to 80% improves the NPV/I to 0.225.
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Fig. 5.1c summarises the results of reducing the RE&Jin Fig. 5.1a to
17.5%. At the 62.5%allowance rate, the profitability index improves by
40% to NPV/I = 0.312 (from 0.223). This satisfies the assumed hurdle
rate. Compared to the results in Fig. 5.1b, the results of this scenario
suggest that the 62.5% allowance when combwéd a lower PRT
(17.5%) and the joint incentiganay encourage CLEOR investment.
Increasing the allowance rate to 80% improves the profitability index to
0.349.

Fig. 5.2c shows the fiscahicentivesonly scenario corresponding to Fig.
5.1c. At 62.5% allowance ratithe PRT reduction to 17.5% generates a
23% profitability improvement to NPV/I = 0.206. While increasing the
allowance rate to 80% raises the profifiabindex to NPV/I = 0.243 this

is still below the hurdle rate.

In sum, within the current and hypothetical ranges of the BFA and uplift
allowance chosen in the study only a few instances of the combined
incentives package delivered results that coumickntivise CG-EOR
investment. None of the fiscalcentivesonly regimes yieldedutcomes

that passed the investment hurdle. @oatributoryexplanation of the
generally poor investment returns is the assumed commencement of the
EOR project relativelylate in field life, with low leved of remaining

reserves and higater cut.

Buzzard

The potential efficacy of BFAs to incentivise CQEOR (CAPEX-
basis)

The results of the experiments investigating the possible effectiveness of

an extension of BFAs alongside commercial incentives to encourage
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CO,-EOR at Buzzard are presented in Table 6. The project hurdle
remains at NPV/I of 0.3 in this and all other ;as@he basis of the BFA

all owance is the projectds CAPEX.

Table 6: Buzzard: Sensitivity of NPV/I to variations in captured CO,
prices, given BFAs (CAPEXbased)

Current and hypothetical BFAs (CAPEX- Current and hypothetical BFAs (CAPEX-
based) based)
Fig.6.1a: Base scenario: captured £O Fig. 6.1b: Alternative scenario: captured £O
price=£0/tCQ price=£9/tCQ

Scenario 1a: Buzzard: Sensitivity of NPV/i to variations in BFA (CAPEX-based) Scenario 2a: Buzzard: Sensitivity of NPV/i to variations in BFA (CAPEX-based)
(ol price=$120/bbl; €O, price=£0/tC0,) (Min=E60, Max=£80/tonne) with SC @ 32% (oil price=$120/bbl; CO, price=E9/tCO,) (Min=£60, Max=£80/tonne) with SC @ 32%
140 100

E‘ L X NPV, / (( APEX-based)
W post-tax NPV/I (CAPEX-based) (CO2=0) z (toz LE/I
pre-tax NPV/| (CAPEX-based) (CO2=0) pre-tax NPWI 1EAPEX based)

(coz=£9/ton
040 030
020
020
010
000 000
6.82

13.64 2728 3410 6.82 1364 27.28
and hypothetical (£/bbl) BFA- and hypothetical (£/bbi)

Fig 6.1a shows a summary of the results whenctimabined incentives
package is applied to the Buzzard field. At zero BFA but with zero price
paid for COZ2, the profitability index at NPV/I = 0.434 exceeds the hurdle
rate. Applying the current BFA of £6.82/barrel improves the profitability
index marginally by 5% to NPV/I = 0.447. Increasing the unit allowance
to £34.1/bbl. improves the profiidity index to NPV/I = 0.497.

The results of the corresponding fisaatentivesonly case are
summarised in Fig. 6.1b. Without the BFA profitability is slightly above
the hurdle rate at NPV/I = 0.335. Applying the current BFA improves the
profitability by 3% to NPV/I = 0.348. Increasing the unit BFA allowance
to the maximum assumed in the stuggulted in an 18%mcreasdn the
NPV/I to 0.398.
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The foregoing results suggest that £EDR investment at Buzzard is
potentially promising. This is due part to the relatively larger volume

of remaining reserves and comparatively low water cut at the

commencement of CZEOR operations. Beingelatively close to the

onshore C@hub and the backbone pipeline produces savings in transport

COsts.

Giventhef el d 6 s

comparison the relative impact of the investment uplift allowance is

shown in Table 7

r el at i wmedergtaincehtives, duothed | t vy

incentivisation schemes were deeded unnecessary. However, by way of

Table 7: Buzzard: Sensitivity ofNPV/i to variations in captured CO,
prices, with uplift s for SC

Current and hypothetical uplifts (CAPEX-
based)

Current and hypothetical uplifts (CAPEX-
based)

Fig.7.1a: Base scenario: captured,CO
price=£0/tCQ

Fig. 7.1b: Alternative scenario: capturé®.,
price=£9/tCQ

Scenario 1u: Buzzard: Sensitivity of NPV/i to variations in investment uplift (CAPEX-
based)
{oil price=$120/bbl; CO, price=£0/tCO;) with SC % 32%

E m post-tax NPV/I (CAPEX-based)
Zpgeo B B B 0B | (CO2 price=0)

pre-tax NPV/1 (CAPEX-based)
0.40 [ (CO2 price=0)
0.20 —
0.00

0.00% 62.50% 65.00% 70.00% 75.00% 80.00%
investment allowance - current and hypothetical (%)

Scenario 2u: Buzzard: Sensitivity of NPV/i to variations in investment uplift (CAPEX-
based)
(oil price=$120/bbl; CO, price=E£9/tC0,) with SC @ 32%
1.00

0.90
o0 ————— 8 8= B
070 —— 8L =& B

0 ———H—N BB
0.50 H post-tax NPV/I {CAPEX-based)
(co2=£9/tonne)

NPV/i

0.40
0.30
0.20

pre-tax NPV/| (CAPEX-based)
(CO2=£9/tonne)

0.10
0.00

0.00% 62.50% 65.00% 70.00% 75.00% 80.00%
investment allowance - current and hypothetical (%)

The results in Table 7 awared

to those in Table 6 shawat the

investment uplift offers higher returns to CEDR investments. Thus,

in Fig. 7.1a at the 62.5% rate, the NPV/I = 0.549 which is 23% higher

than the correspondingii t i a |l

BFAOGS
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The same conclusion is reached in the fiswedéntivesonly case
summarised in Fig. 7.1b. At the initial investment uplift rate of 62.5%

and the BFAaA6. 82/ bbl ., the formeroés prof
0.450, is 29% higher than with tiB&A scheme.

CLAYMORE

The potential efficacy of BFAs toincentivise CO,-EOR (CAPEX-
basis)

The results of the experiments investigating the possible effectivefiess
an extension of BFAs alongside commercial incentives to encourage
CO,-EOR at Claymore are presented in Table 8. The projeestment
hurdleremains a minimum NPV/I = 0.3 in this and all other cases. The

basis of the current and hypothetical allowarsc i s t he proj ect
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Table 8: Claymore: Sensitivity of NPV/i to variations in PRT, given
BFAs (CAPEX-based) and CQ prices.

Current and hypothetical BFAs with CO, Current and hypothetical BFAs with CO,
price=£0/tCO, price=£9/tCO,

Fig.8.1a: Basscenario: PRT @ 50% Fig. 8.2a: Base scenario: PRT @ 50%
Fig. 8.1b: PRT @ 25% Fig. 8.2b: PRT @ 25%

Fig. 8.1c: PRT @ 17.5% Fig. 8.2c: PRT @ 17.5%

The results of the base case scenario of the application of the combined
commercial and fiscal incentives package are summarised in Fig. 8.1a.
The project is seen to be clearly viable beforewdta NPV/I of 0.64.
When only the commercial incentive wawailable NPV/I = 0.117.
When the BFA was added at the current unit rate of £6.82/bbl., the
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