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* Energy Transition jobs are global too
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Energy Transition Careers .50,

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

* Crossover & challenges
* Insights from someone with “a foot in both worlds”



London Section

To get to Net
Zero will take a
huge
transformation
of our energy
system.

Range of
predictions of
where we need
to get to and
how we get
there

Net Zero 2050
is always
represented as
the “stretch
target”

Energy Transition AJ Isherwood
Pathways Consulting Ltd.

Figure 3.1 = Global total energy supply by source and fossil fuel share
by scenario, 2000-2050

STEPS APS NZE
L
600 75%
400 50%
200 25%
2000 2023 2050 2023 2050 2023 2050

B Coal mOil ™ Natural gas ™ RenewabEA WolldHeargy@ittieok20Pdssil fuel share (right axis)

STEPS: Stated policies scenario <Je
APS: Announced pledges scenario

NZE: Net Zero Emissions by 2050
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Global greenhouse gas emissions by seclor

I'his is shown for the vear 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO.eq.
* Heating &
cooling account

for >40% of
) global GHG
Agriculture, o 0 emissions
Forestry & w2, ‘
¥y ‘lAan_(.i Use '
Vo R *  74% UK
households

heated by gas
boilers only
(2021 census)

e Opportunity for
geothermal,
direct heat

supply
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Blackrock CEO Larry Fink: The next
1,000 billion-dollar start-ups will be in
climate tech

“Engineers and scientists are working around the clock on how to decarbonize
cement, steel, and plastics; shipping, trucking, and aviation; agriculture,

energy, and construction. I believe the decarbonizing of the global economy is

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

Larry Fink 2022 letter

Figure 5.31 = Annual energy sector investment by sector and scenario, qu

2024 and 2035
& > 000 Low emissions fuels includes Natural gas * EntrepreneurShip is exciting but
S : = Oil ) i .
7 4000 . IOENETBY supply, nuclear m Coal carries risk and uncertainty
e supply, hydrogen supply Low-emissions
a fuels
S 3000 Energy efficiency . . .
S and end-use * Funding is everything
= Low-emissions
“ 2000 power
* Blackrock world’s largest
1000 ) ]
. investment management firm.
v STE! P E—— Larry Fink 2023/2024 letters
2035 2035 2035 shifted away from sustainability

focus due to “ESG backlash”

For every USD 1 invested in fossil fuels today, around USD 2 is invested in clean energy. By
2035, this rises to USD 3 in the STEPS in 2035, USD 7 in the APS, and USD 20 in the NIE Scenario.
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Sustainable Business Course Just Transition Survey 2020

Would you recommend someone to join the Oil and Gas Industry at the
moment?

L] °
Engineering
Figure 53. Do You Believe The Current Job Market Is More Secure Than In 20237 SG Ia ry S u rvey

30% 40%
Yes No

In 2020: Figure 59. What Skills Do You Think Will Be Most In Demand In The
Petroleum Engineering Sector In The Coming Years?

2024

WeConnec*Energy

* >50% of people not recommending

joining oil and gas, 77% of people Al, Data Science & Automation _34%
considering leaving -
IT & Digitalisation 15%

* 33% of people completed formal
education to develop new skills, 29%
thinking about it; 90% of those paid for it
themselves. We are trying to transition

Project Management & Engineering 12%

Renewables & Energy Transition

Cost Efficiency & Business

ourselves.

* Since then, O&G has picked up, less 0% TN 0% (5% 20% 25% 0% 5%
focus on upskilling for energy transition? Tl Repondents
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2024 World Energy

Energy employment by technology and scenario, 2023 and 2030 Ie
Employment report

Fuel supply Power Vehicles Efficiency B Critical minerals extraction
g 35 o ) @Low-emissions fuels
= Low emissions fuels includes mOil and gas
S .
= 30 bioenergy supply, nuclear u Coal
=
=} supply, hydrogen suppl
E 25 PRIy, ydrog PRIy B Grids and storage
O Unabated fossil PG
20 o Other clean PG
15 @ Wind
| Solar PV
10 OICE vehicles
DEVs and battery
S Olndustrial efficiency
] ) @ Buildings retrofits
2023 2030 2030 2023 2030 2030 2023 2030 2030 2023 2030 2030 m Heat pumps
STEPS NZE STEPS NZE STEPS NZE STEPS NZE
B Other HVAC bp
* Most “green job growth” is downstream, fuel supply (& i R {:}

Mt Mt, lithium car

extraction) sees job reduction, despite huge increase in .
demand for critical minerals

* The construction and manufacture of clean energy
infrastructure and technologies accounted for 60% of all .ll

new clean energy jobs added 2019-2023
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Is green job growth real?

Consulting Ltd.

The lower energy intensity of low carbon
sources makes economics more
challenging

My green job research in 2020 suggested
energy generation job intensity
correlates closely to cost of energy,
cannot have lower cost and higher job
intensity

Van Zalk & Behrens 2010 » H Recent years have seen large overall price
Falllng CIean energy prlces reductions for many clean energy technologies. qu

Solar panels

Million USD per MW

018

2015

2023

Wind turbines Battery storage EV batteries
Million USD per MW Million USD per MW USD per kWh
157 398
o P e S . S
038 139
1.02
2015 2023 2015 2023 2015 2023
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Carbon Capture & Storage Consulting Ltd.

London Section

' inali e 6Nov2024 report
500 CO2 capture capacity pipeline [’] CLoDAL £C P
Top 5 countries with CCS Projects
8 Key
2024 vs 2023
a1
2 200 | B |
g B Operational

154

2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Timeline (years)

United States

* Clear transferable technical knowledge and skill sets

26, 254
* Slow progress but USA accelerating with IRA (including e 43 e 8 O o

EOR CCS) United Kingdom Canada Norway China

Key

* Plenty of subsurface focus in the development stage ® w2 osea0z3
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n Consulting Ltd.
Carbon Capture & Storage °

bp
) Carbon capture, use and storage by emissions source
e Still a huge range of

uncertainty in how CCS might
grow, 8
* Will all development

Gt of CO,

2035

: : 7
projects make it to industrial
construction & operation ¢ process
emiIssions

phase?

BECCS: Bioenergy with carbon
capture & storage

DACCS: Direct Air Capture &
Storage

DACCS: Direct Air Capture & Use

Current Net Current Net
Trajectory Zero Trajectory Zero

bp 2024 Energy Outlook
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Global primary energy consumption by source gup i
Primary energy is calculated based on the 'substitution method” which takes account of the inefficiencies in fossil .

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

; | St’:i;d Jles
160,000 Twh * Vioder totel Geothermal <0.5% world
Wind .
140,000 Tvh \ rrdoos energy consumption (under
Gas
120,000 TWh ”Other”) —most people know
100,000 TWh nothing about it
80,000 TWh ol
60,000 Twh
40,000 TWh . ~75% is direct heat use vs. 25%
20,000 TWh electricity generation
o — Tt
1800 1850 1900 1950 2019
Global Geothermal Energy Use
Source: Vaclav Smil (2017) & BP Statistical Review of World Energy DurWorldinData.orgfenergy = GG (Lund & Toth, IEA)
400
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 2020
| Electricity B Geothermal heat pumps B Bathing and swimming
Space heating m Greenhouse heating m Aquacultural pond heating
Agricultural drying m [ndustrial uses m Cooling/snow melting

m Other
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Energy Transition
Geothermal

AJ Isherwood
Consulting Ltd.

'J. },,}’T%;“;Eéi: S f d - BERKELEY LAB SMU
Academia tanior ' :
Newcastle - B
Ghewcastle  EARTH v TEXAS
Technology (drilling, 5 TR ADA (-JHEPHAE @ TURBODEN QU\ISE
ORC, heat pumps S 1 * ElectraTherm HYPER
p p } E ERGY BY BITZER GROUP “IENCEE
HALLIBURTON Buker Hughes 3
Service Companies 2=~ Wood -
Y& Mackenzie 4 CGG Slllllllllllllil'ul‘.l'
e it £hewon
O&G Operators
g o' REPSOL @ {:} ‘
m Eerrapm @) crosFroErery RV«
Start-ups D v e .
&) CAUSEWAYG] = SAGE eIl . FERVO
= Geothermal
'5 @ Engineering Ltd o . raYaYe
. AL ) |
Traditional Geothermal gNHEEABLES Ly CALPINE" { \
geothermal

Geothermal Technical Section

project
Innerspace

\

Based on author’s own

experience only!
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Clean Hydrogen Ladder: Competing technologies

Unavoidable Key: (Norealaliemative] Eiectictymateries |Biomassibiogas | (Other

—

I W W (Feriser) (Fyarogenation ) etnano (Fyrocracing) (Besuiphursation)
B ‘ W) (Stiping”] (Oftroad venicies ] stee (Chemical feedstock] (Long-term storage )
[ Long-haul aviation" | [Remote trains | | Coastal and river vessels | ( Vintage vehicies” | | Local CO2 remediation |

[Medlum-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

Uncompetitive
* 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
* Hydrogen storage may be one of the few long —term storage options but you need a

transport network



Energy Transition AJ Isherwood
Consulting Ltd.

By International
e~

(4

Lonon Section V‘ S a I a ri e S

Ll
2024 World Energy Employment report qu EENG'NEER

2024 Salary Survey

Despite wage growth in renewable sectors, earning potential remains highest in oil and gas,
presenting a barrier to inter-industry transitions

Median energy salary ranges by sector and country, 2023
an eneray seany rEnges by ! AVERAGE SALARY BY SECTOR
United States United Kingdom China Brazil
§ 20 Py ®0il and gas MATERIALS
g 18 ©Nuclear DIL & GAS
5 16 oWind
é oSolar TELECOMMS/UTILITIES/ELECTRONICS
= 14
5 o Coal DEFENCE & SECURITY/MARINE £66,780
= 12
g . CHEMICALS & PHARMA/MEDICAL
8 10 ©High J
E] OMedian EMERGY/RENEWABLES/NUCLEAR
E e @ Alow
< ] RAIL/CIVIL & STRUCTURAL
4 A % BT — £63285
, % E % % % $ NONE OF THESE £62578
0 [ AROSPACE | £82277
Figure 33. Median Salary Vs Years Of Experience
FOOD & DRINK/CONSUMER G00DS £60.18
o T s su
6-10 £68,000 7 /TR
| he Petroleum T Es7s9
5 , ° °
g 16-20 £103,008 Englneerlng
o 21-25 £145,340
g ww c1s0000 Salary Survey
> s £141,400 ——
36-40 £120,000
41-45 £155,000 2 O 2 4
46+ £109,400
£0 £50000 £100000 £150000 £200000 WeConnec*Energy

Salary in GBP
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Consulting Ltd.

London Section

government engagement
electrical engineering ....csueen

offshore construction
engneerigmanzgement  commercial negotiations

98U contract management :
leadership  sybsurface  supplies chain data analysis team building

market research

assets management data management prOblem

: geothermal e
offshore operations ENE8INEENNE -1

O n Sto ra ge equipment installation
subsurface modelling fluid mechanics eOIO I L system reliabili " . .
geology  drilling ssenresbiy mechanical engineering geophysics dataanss

T proje ct man dgeme NT technical ana VSIS i engmeering.

earth system knowledge engineer’ing

technical innovation

innovative thinking

cost control

economic mode ng

digitisation

project execution project planning instrumentation & control
. . . emissions
subsea engineer]ng I"ISk assessment hr CommerCIa| mOdelllng pr0_|ect dEI|VEFy
operations management people management performance improvement

regUIatOry co ntrOI chemical engineering

digital transformation

emergency response . .
e uncertainty analysis . '
strategic analysis

risk management procurement

business management commercial agreement

Sustainable Business Course Just Transition Survey 2020



SWspe® : AJ Isherwood
3 Transferable Skills o

London Section

TRANSFERABLE METASKILLS

“Problem Solving”

“Computational skills”

“Sense checking & audit

i i i i i i i i i i “Resilience, curiosity (with numbers!)”
FfRTRERERY and comfort with
FTRTRRRYIRY 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 Customer fOCUS, System
thinking”
UK offshore Energy Workforce o ]
Transferability Review “Thinking outside the box as
Robert Gordon’s UnlverSIty, to Where your ski" sets

May 2021 might app|y"
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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

Geothermal/CCS/Hydrogen

What’s the same as O&G, what’s different?

AJ Isherwood
Consulting Ltd.

Different

Boundary/operating conditions, fluid
behaviour & importance of temperature,
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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My insights Consulting Ltd.

London Section

e Experienced oil and gas people across multiple disciplines needed to support the energy
transition
* My biggest contribution? Robust technical audit
* 0O&G experience may not be valued or compensated as you 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 should adhere to fundamental physics and thermodynamics
* How are they funded, path to commercialisation

* You can continue to make a positive contribution in oil and gas or keep a foot in both worlds

* 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)



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