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Energy demand increasing by 25% to 2040

CO, emissions rising to record values

Assuming that current trends continue, this is what the world might look like in 2040.
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A brief history of CO2 emissions:
https://www.youtube.com/watch?v=EQ7S0D1iucY



https://www.youtube.com/watch?v=EQ7S0D1iucY

Carbon Emissions: What is the problem?

Climate Spirals: https://openclimatedata.net/climate-spirals/from-emissions-to-global-warmin

Robert Gieseke and Malte Meinshausen, www.pik-potsdam.de/primap-live



https://www.climate-lab-book.ac.uk/2018/warming-stripes/
https://openclimatedata.net/climate-spirals/from-emissions-to-global-warming-line-chart/
https://www.climate-lab-book.ac.uk/2018/warming-stripes/
http://www.pik-potsdam.de/primap-live

Where are we now?

O

2015-2019 O
WARMEST FIVE-YEAR

PERIOD

@ REDUCTIONS IN GHG
EMISSIONS REQUIRED

FROM ALL SECTORS

POLICIES TO LOWER

EMISSIONS MUST TRIPLE 1.1 °CABOVE

PRE-INDUSTRIAL

TO MEET 2 °C LIMIT
FIVEFOLD TO ALIGN ~ ' LEVELS
WITH THE 1.5 °C LIMIT
' onmen ‘g

A DECADE AGO

ESTIMATED TO HITTING HARDER
PEAKIN 2030, AND SOONER
LET ALONE 2020 THAN PREDICTED

RECORD OF 2% ANNUAL
37 BILLION TONNES GROWTH IN

OF CO:IN 2018 CO. EMISSIONS

ol K]

' IN
EMISSIONS NOT SCI ENCE CLIMATE IMPACTS @

@
A\ e

ay

United In Science

High-level synthesis report of latest climate science information
convened by the Science Advisory Group of
the UN Climate Action Summit 2019

70 ‘ METEOROLOGICAL ng GLOBAL Q ARBON I D C C @@ futu r?arth % @?&CS“({U B

Unitnd Matoms

Published September 2019




Net Zero
what & why
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Sequestration: capture and
utilisation or long-term
storage.

Offsets Mitigation: lowering the rate
| of emissions into the
atmosphere

UK Government Targets:
Scotland: Net Zero by 2045
UK : Net Zero by 2050
Wales: 95% reduction in GHG by 2050

Carbon Balance




Oil & Gas

Problem or Solution?

Tracking emissions:

Operational Emissions:

Fugitives, direct process Flaring

and oil loading
0.
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. Venting
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Consumption emissions

Data Availability
—

Shipping & aviation

Offshore Installations
Terminals

Non-CO0, Data Real'Lablllty Transport & logistics

Operational emissions

Carbon Emissions




Oil & Gas
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Problem or Solution?

Processes needed simultaneously to develop an

Many players contribute to an innovation system.
innovation system:

Well ' established in the O&G sector

Framework Conditions Entrepreneurial
Demand Financial environment; taxation and activities
Consumers (final demand) incentives, propensity to innovation 5
Producers (intermediate demand) and entrepreneurship; mobility
0 “‘ ,_-,'I.IIIlI¢lllIllllIIl...-..h + Creation of KnoMedge
¢ Industrial ’ Education and Political legitimacy development
System < > Research System
Large companies Professional
Intermediaries education and ‘- Govemment
? <> _Re??imh 4> training
INstues;
Mature SMEs Brokers Higher education <. Govemance Resources Knowledge|
and research . . ° .
T v < > imobilzation difussion
New, technology- Public sector -
based firms research RTD policies
. ; T .
Infrastructure - arket formation Guidance
Banking, IPRand Innovationand | | Standards and Key processes for development of innovation systems: Analysis on CCS.
venture capital information business support norms Source: K. Alphen, M. Hekkert, W. Turkenburg

A Model for an Innovation System
Source: E. Arnold and S. Kuhlman

Oil & Gas: Companion Industry, supporting the development of the integrated offshore industry of tomorrow




Energy transition: an opportunity to shape the future of the energy system

Future UKCS:
* Integrated energy industry in the North Sea

UKCS now:

* Mature basin
* 250 assets
* 45,000 km of pipelines

* Net zero emissions

* Expanded offshore wind / renewables industry
 £58bn forecast decommissioning costs ’ S&E productlonhpzwered by ;ene?/v:ble E-m|er|gy
e 45,000 directly employed arbon storage hub connected to industrial clusters

- 300,000 jobs sustained by Industry e Hydrogen industry driven by O&G infrastructure reuse &

renewable power
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Roadmap to 2050
T 2 & = F

Net .Zero UK Economy en.anble.d by t.he UI‘( Net Zero emission O&G Offshore Renewables Hydroge'n production CCUS from industrial
Continental Shelf Industries, including Oil . . leveraging the O&G clusters + blue hydrogen
Offshore Operations Integration :
& Gas Industry production

Key Programmes timeline by 2025 by 2035 by 2050

Plant Optimisation
Zero Emission Offshore Power
Venting and Flaring
Fugitive Emissions

Hydrogen Production

CO, Capture technology

Hydrogen and CO, transportation and Storage technology

Ambition: A carbon neutral basin developing, testing and exporting technology




Roadmap to 2050

A Net Zero UK Economy enabled by the UK Continental Shelf Industries, including Oil & Gas.
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Hydrogen production CCUS from industrial
iSSi Offshore Renewables .
NgtffZehro ercn)lssmr;'O&G Inteeration leveraging the O&G clusters and blue
>hore Lperations & Industry hydrogen production
Roadmap 2035 production x today’s oil & gas prices CCC wind x £40/MWH CCCH, x £2/kg CCC CCS x £50/t

° £26Bn

2020

O | £28Bn

R £36Bn

£49Bn

2030

2040

2050




" Innovation
Approach
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Domain definition

Collaborative Innovation Model — Bringing the Outside In




The model in action A

Start from the bottom: technology trends

Technology Trends emerging from other sectors /
industries.

* Looking for applications in Oil & Gas that would
provide benefits / opportunities.

v

Start from the top: Industry problems

e Problems known and understood,
but not well solved yet.

 Looking for solutions from within and
outside the Industry

v

Well defined

Problem definition

Not well defined

Not well defined Well defined

Extend the reach beyond Industry networks Domain definition Horizon Scanning to identify Tech trends with a

by engaging with: p055|ble impact in O&G and

Innovation Networks. E.g. NCUB, KTN, Inform / educate the Industry about the
EIC, Academic Panel & Network, etc. technology key features.

*  Specific networks / CoPs based on the . ., * Engage / connect experts in the technology with
technology theme industry expert to identify use cases and co-

develop potential applications for O&G

v « v

End result: End result:
Projects to solve the initial challenge Projects to define and develop the opportunity

Two main roads to innovate — converging



Technology Vision 2
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Fix today Maximise recover Transform tomorrow

Data Tieback of Integrated Low carbon Reusable
access the Future energy operations infrastructure

Revitalise Remote Hydrogen Data
exploration operations delivery driven

Efficient Alternative Artificial New Unmanned Zero carbon
decommissioning well barriers intelligence materials facilities developments

Transforming the industry for the low carbon future



Technology on the Horizon

Short

Recovering Waste Heat
Power Production from Waste Heat

Fugitive Emissions Reduction
Technology

\YITe

Offshore Fuel Cells Modular Carbon Capture Plant

Marine Renewables

Long

Direct Air Capture
Hydrogen from old fields
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Zero Emission Fuels

Transforming the industry for the low carbon future



Summary

* Human activity and energy consumption are interlinked
* Greenhouse gas emissions will continue to rise to 2030
* Target: reaching Net-zero emissions by 2050

* Oil & Gas can contribute to the development of other UKCS industries and support
development of a net zero economy

* Joint action required to develop effective solutions

* Innovation will contribute to the development of new technologies and industrial
strategies.

Ana Pires de Almeida

Ana.Almeida@theogtc.com



