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* Areas of interest:
 Geothermal
e Carbon Capture & Storage
* Hydrogen
* Energy Storage, electrification & renewables
* GHG Accounting & decarbonising Oil and Gas
* Wider Sustainability

* Crossover & challenges
* Insights from someone with “a foot in both worlds”
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STEPS: Stated policies scenario
APS: Announced pledges scenario
NZE: Net Zero Emissions by 2050

* To get to Net Zero will take a huge transformation of our energy system.
e Range of predictions of where we need to get to and how we get there
* Net Zero 2050 almost always represented as the “stretch target” on a global basis and

there is frustratingly limited progress to date (mostly greening of electricity in
Europe/UK)
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1ol Our World
Global greenhouse gas emissions by sector

This is shown [or the year 2016 — global greenhouse gas emissions were 49.4 billion lonnes CO,eq.

Agriculture,

La”:;?'ﬁ-ﬁs' Land Use (domestic & industry)

Was fGW&Jt ” “ 18.4%
Che; fj%"’ accounts for >40% of
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Cement 52955“‘3/ f,ﬁ_—;jf‘*l E ne rgy &
/in Agriculture - 73.( (}"’E)

Enersy T9%)
Enere () ,F;I.Jlmnglx..,\-

 >80% UK households
heated by gas boilers

Residential oul!

OurWorldinData.org — Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020
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Blackrock CEO Larry Fink: The next “Engineers and scientists are working around the clock on how to decarbonize
1,000 billion-dollar sta rt-ups will be in  cement, steel, and plastics; shipping, trucking, and aviation; agriculture,
climate tech energy, and construction. I believe the decarbonizing of the global economy is

going to create the greatest investment opportunity of our lifetime.”

* The prospect of working for a
start-up can be exciting, and their
role in the energy transition is
important, but carries risk and

Figure 1.3 > Estimated market size for selected clean energy technologies
by technology and region, 2020-2050

= 1200 Technology uncertainty
% m Fuel cells
=y Electrolysers ) .
5 900 meateries  ® IS the idea technically sound and
2 momherewnd can it make money? Has it been
600 Solar PV tested? Does it have a path to
Region
Rest of world ma rket?
300
M Europe
W Asia Pacific . .
ot america® DO they have funding? How will
2020 2030 2050 2030 2050 you get paid?

EA. All f

There is explosive growth in clean energy technologies over the next decade in the 4
NIZE, leading to a clean energy market worth a cumulative USD 27 trillion by 2050

Go in with your eyes open
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O&G Employee Survey 2020
e 2020 overprint -covid, low oil price, UK 2050 Net Zero emission law in 2019
* May be different response if repeated now

Have you considered leaving the oil and gas industry voluntarily in the last 24
months?

Would you recommend someone to join the Oil and Gas Industry at the
moment?
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Figure 1.15 = Employment growth in clean energy and related areas to 2030 I e q

Coal i Gains or
Oil and gas - : ¢ losses
Critical minerals APS
End-use renewables NZE

Biog _ : - Net jobs
Innovative ; i : ®APS

~_® NZE

Efficiency
Power generation

4 -2 0 2 4 6 8
. Suggests aIternat!ve energy Total . - ;
job growth = fossil fuel shrink Majority green job growth
-16 8 0 8 16 4 32 predicted “downstream”
Million jobs

Clean energy job gains outpace losses in fossil fuels jobs in the APS and job

ORUIK WORKFORCE INSIGHT 2022
“The skills, knowledge, and expertise of people whose roles are supported by the oil
and gas sector are crucial to the development of the UK'’s future, lower-carbon energy
system. However, the transformation of the system will take place over decades. It is
therefore more efficient to retain these skills through ongoing and new investment in
the UK’s oil and gas resources while projects in the new energy sector develop
momentum.”

growth in clean energy and related segments doubles in the NIE
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Figure 3.2: Author derived chart using LCREE/DUKES/OGUK/IRENA data

Sustainable Business Course Individual Project on Green Jobs 2020
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7 TH(HD TO mquhLmemes TO PRINTALL THE \
BALOUT MONEY NEEDeD TO CREATE GREEN JOBS
TO SAVE THE ENVIRONMENT..
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government engagement
electrical engineering ....cs.een

offshore construction
engineering management Commercial negotiations
logistics
contract management
leadership  sybsurface  supplies chain data analysis team building

market research

assets management data management prOblem

- geothermal i
offshore operations ENEINEENNE .,

0 n Sto rage equipment installation
subsurface modelling fluid mechanics eolo illi system reliabili H H i
geology  drilling  ssenreiabiny mechanical engineering geophysics s

T proje ct man dgeme NT technical ana VSIS il engimeering

technical innovation

innovative thinking

cost control

economic modelling

digitisation

earth system knowledge engineering
project execution project planning instrumentation & control
: . . emissions
subsea engineering risk assessment hr commercial mode”ing project delivery
operations management people management performance improvement

regulatory control

chemical engineering

digital transformation

CTCBENYIESPONE | )ncertainty analysis . .
strategic analysis

risk management procurement

business management commercial agreement

Sustainable Business Course Just Transition Survey 2020
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TRANSFERABLE METASKILLS

“Problem Solving”

“Computational skills”

“Sense checking & audit

i i i i i i i i i i “Resilience, curiosity (with numbers!)”
EEEEEEEERE, and comfort with
FTRRRERYRY change”

“Be open to every
opportunity, get involved
outside your core role,

_ _ continue to learn” Y .
High m Medium Low Network
“Embrace your inner
UK oil and gas industry ”
skills transferability entrepreneur “
to adjacent energy sectors CU stomer fOCUS, SyStem
thinking”
UK offshore Energy Workforce o ]
Transferability Review “Thinking outside the box as
Robert Gordon’s UanQrSlty, to Where your Ski" sets

May 2021 might app|y"
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What’s the same as O&G, what’s different?
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Same

Applying core technical skill sets to
problem solving (including geology,
engineering & economics)
Material & energy balance

Exploration & Appraisal, reservoir
characterization, modelling uncertainty
& development optimisation

Development decision gate process,
project/risk management & regulatory
requirements

Significant investment requirements

Different

Fluid behaviour & importance of
temperature, boundary/operating
conditions, lower efficiencies/energy
density, reusing infrastructure

Lack of experience, calibration, analogues
& industry standards. Significantly more
focus on academic research & debate.
Ongoing lack of data due to lower budgets

Longer timelines, rapid scaling ambitions.
different technical & commercial risks (e.g.,
containment for CCS), regulatory requirements
still being developed

Lower rates of return or reliance on carbon
pricing/government funding, more complex
business models/partnerships, less public
awareness, demand risk & lack of infrastructure
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Global primary energy consumption by source Our world
Primary energy is calculated based on the 'substitution method” which takes account of the inefficiencies in fossil .

fuel production by converting non-fossil enargy into the energy inputs required if they had the same convarsion
losses as fossil fuals.

| Other
160,000 Twh | Hodern bofus Geothermal <0.5% world
Wind .
140,000 TWh ‘ e energy consumption (under
120,000 TWh - ”Other”) -—CU rrently localised
100,000 TWh and most people know
80,000 TWh o nothing about it
60,000 Twh
40,000 TWh . ~75% is direct heat use vs. 25%
20,000 TWh electricity generation
Traditional
0 TWh hiomass
1800 1850 1900 1950 2019
Global Geothermal Energy Use
Source: Vaclay Smil (2017) & BP Statistical Review of World Energy DurWorldinData.orglensrgy - GG 200 (Lund & Toth, IEA)
350
300
250
% 200
Need 150C temperature to 150
. . . . 100
efficiently generate electricity from -
ge Ot h e r m a I 01995 2000 2005 2010 2015
| Electricity m Geothermal heat pumps ®Bathing and swimming
m Space heating m Greenhouse heating ® Aquacultural pond heating
Agricultural drying m [ndustrial uses m Cooling/snow melting

m Other

2020
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p p } ) E ERGY BY BITZER GROUP “IENEES
HALLIBURTON Buker Hughes 3
Service Companies ,..==.._ Wood -
\Z Mackenzie '& CGG snmumhm‘gm‘
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Geothermal Technical Section

\

Based on author’s own
experience only!
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Innerspace
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Clear transferable technical knowledge and skills
Frustratingly slow progress in implementation
(most existing is still enhanced oil recovery)

>90% global storage capacity in saline aquifers, not
depleted O&G, only handful of active saline aquifer
projects outside EOR

“Pressure space” could become competitive as we
scale up

1300

1ed

Operating @ Under construction

T T T T T
2024 2025 2028 2027 2028 2029 2030

IEA. Licence: CC BY 4.0

Advanced development @ Concept and feasibility NZE
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Energy storage technology mix

16w ’ ® ’, < ’
o2 L7 3 8" o -7
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100 MW
10 MW
-
=
3 1MW
>
o
100 kW

Flywheeils

Lithium-ion batteries
Lead-acid batteries
Sodium-sulphur batteries
Synthetic gas

Hydrogen
Pumped-storage systems
CAES plants

EECOEEEDOO

1 kWh 10 kWh 100 k¥Wh 1 MWh 10 MWh 100 MWh 1 GWh 10 GWh 100 GWh

Capacity (stored energy)

Capacity and output ranges as well as typical storage durations in which different storage technologies are considered appropnate due to their
characteristics.

* Need both short duration (minutes->hours) and long duration (up to seasonal) storage
* Different technologies for different durations
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Unavoidable

E ‘ ‘ | Shipping” || Off-road vehicles | Steel |Chemical feedstock || Long-term storage |
( Long-haul aviation® | | Remote trains | | Coastal and river vessels | | Vintage vehicles" | | Local CO2 remediation |

[Medlwn-haul avlatlon'] Long distance trucks and coaches High-temperature industrial heat

Short-haul aviation Local ferries Commercial heating  Island grids  Clean power imports  UPS
_“ Light aviation Rural trains Regional trucks Mid/Low-temperature industrial heat Domestic heating

_ ‘\‘ Metro trains and buses H2FC cars Urban delivery 2 and 3-wheelers Bulk e-fuels Power system balancing
- k)

Un-competitive

* Via ammonia or e-fuel rather than H2 gas or liquid Source: Liebreich Associates (concept credits; Adrian Hiel/Energy Cities & Paul Martin)

* Hydrogen is a potentially versatile “energy carrier” but cost and inefficiencies mean it
is not the right answer for everything
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Measuring & reducing GHG emissions

London Section

Reducing flaring, venting & fugitive emissions
* Focus on methane first
Focus on operational emission reduction before offsetting. Efficiency is key.
Know your emissions before reporting them —start with small steps
“We cannot reduce what we cannot measure” IPCC 2019;
Managing risk and reputation

Figure [I] Overview of GHG Protocol scopes and emissions across the value chain

Scope 2 Scope 1
INDIRECT DIRECT
Scope 3
[~
‘II INDIRECT
purchased
goods and
services
d; pu y, steat
ﬁ leased asséts
company
facilities
capital ‘
goods ,'.
employee
fuel and commuting
activities 5
. busines i
- vehicles use of sold
transportation products
and distribution waste end-of-life
generated in treatm
operations sold pre
Upstream activities Reporting company Downstream activities

Source: Figure 1.1 of Scope 3 Standard.
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Scope 3 use of product
category is usually >85%
of an O&G company’s

total associated emissions

The Majors (e.g., bp, Shell,
Equinor) are now tracking

their product carbon
intensity

However smaller O&G
companies are generally
focused on reducing
operational carbon

intensity (Scope 1&2 only)
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RESEARCH ARTICLE

Corporate The clean energy claims of BP, Chevron,
Climate ExxonMobil and Shell: A mismatch between

Responsibility discourse, actions and investments
Monitor Mei Li", Gregory Trencher»?#, Jusen Asuka®

1 Graduate School of Environmental Studies, Tohoku University, Sendai, Miyagi Prefecture, Japan,
2 Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan, 3 Center for Northeast
Asian Studies, Tohoku University, Sendai, Miyagi Prefecture, Japan

ASSESSING THE TRANSPARENCY AND INTEGRITY
OF COMPANIES’ EMISSION REDUCTION AND NET-ZERO TARGETS

Big oil coined ‘carbon footprints' to blame
us for their greed. Keep them on the hook

Figure S1: Integrity of corporate net-zero pledges Re beCC a S Ol n Zt

WHATTHEY  WHAT THEY

WHAT IS WHAT IS
APPEARTO REALLY LEFTOUT UNCLEAR
PLEDGE COMMITTO
by net-zero
target year

- ~0.5 GtCO e : Committed emission reductions The 2018 Climate
220 o160t s Accountability Scorecard

Combined GHG
emission footprint of ) . . . - .
25 mmw“izs with 135 . Insufficient Progress from Major Fossil Fuel Companies
- GtCOe:

. Teslnm tal'sit; Emissions that the companies could control

el :g szr:loel ' through their value chains, but exclude from N N - - -

{13:;\1 V;r:ri"n’;z their net-zero target. 1ABLE 2 Consistently Accurate Public Statements on Climate Science and the Consequent Need for Swift

from 2025 to 2050) and Deep Reductions in Emissions from the Burning of Fossil Fuels
~0.7 GiCOZe
Emissions under ambiguous net-zero targets Conoco- CONSOL Peabody Royal Dutch
with no specific emission reduction commitment Arch Coal BP Chevron Phillips Energy ExxonMobil Energy Shell

] | ] 2 ] 1 |2 ] 1 [ 2 |

Only BP and Shell scored positively on this metric. BP replaced an inaccurate statement with an accurate one on its website, following
engagement with UCS ahead of the release of this report.
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* Experienced oil and gas people across multiple disciplines needed to support the energy
transition
* My biggest contribution? Robust technical audit!
* O&G experience may not be valued or compensated as well as you would like
* Energy transition remains frustratingly “pre-development” in many areas with high
uncertainty

* Watch out for green job and technology hype (“Hopium” & “Greenwishing”)
* Embrace your entrepreneurialism but go in with your eyes open
* New technology needs to adhere to fundamental physics and thermodynamics, and
have a realistic path to market to gain funding

* Anyone working in energy can benefit from better understanding of wider energy system
transition
* Plenty of bias, don’t believe everything you read and/or hear —consult diverse sources
* Check out the London SPE Net Zero Committee resources:
* SPE Net Zero Gaia virtual programme - SPE London (spe-london.org)
* Helping to reduce the carbon intensity of oil and gas may be more impactful than other
options



https://www.spe-london.org/spe-net-zero-virtual-programme/
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