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UofG is taking the lead to tackle climate change

• 2014: 1st EU university to commit to fully divesting from fossil fuel companies.

• 2017: Endorsed the UN’s SDGs.

• 2019: 1st university in Scotland to declare a climate emergency.

• 2020: Published Glasgow Green, our strategy to tackle climate change.

• 2024: Completed divestment from fossil fuels.

• 2030: Our target date to achieve net-zero carbon emissions.



3© 2021 by G. Falcone

Summary

▪ Geothermal / oil&gas synergies

▪ Net-Zero challenge

▪ Tracking progress

▪ Shifting investment

▪ Selected priorities

▪ Conclusions
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Geothermal / Oil&Gas Synergies

Society of Petroleum Engineering Disciplines

Conventional Deep Geothermal Workflow
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PATH TO NET-ZERO
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IEA‘s pathway to Net-Zero

(IEA, 2021)

Pathways to limit global warming to 1.5 oC
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TRACKING PROGRESS
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Global energy sector CO2 emissions, 2000-2022

(IEA, 2023)
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Global renewable power : curtailment issues

(IEA, 2023)
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Global geothermal power: more effort needed!

(IEA, 2021)

??

(IRENA, 2024)
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Global District Heating (DH) 

(IEA, 2021)

(IGA, 2020)

China boasts the world’s largest geothermal DH network, with 200,000 km of pipework
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DH: geothermal vs. oil & gas

(IEA, 2021)

(IGA, 2020)
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Global power: oil & gas share

(data after IEA, 2020)
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CAN INVESTMENT BE SHIFTED?
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Global energy investment by sector, 2019-2023
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Renewable energy investment by sector, 2013-2022
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Global investment: geothermal
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Capital investment by Majors and selected other 
companies in new projects outside oil & gas supply

In 2020, the largest single 

investor in renewables in 

absolute terms was Shell 

with $2bn, followed by Total 

($1.7bn) and Eni ($1.6bn).
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Jobs: geothermal

Compare to the 463,900 
peak in 2014 of jobs 
supported by the UK 
O&G offshore industry.
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SECTOR SYNERGIES STILL STAND!

…PRIORITIES? 

(commensurate with expectations)
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Geothermal / Oil&Gas: the synergies still stand!
Society of Petroleum Engineering Disciplines

Conventional Deep Geothermal Workflow
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Resource assessment standards  
e.g., prospect chance of success

Oil & gas:

Geothermal:

(but not necessarily the same parameters

for closed-loop systems)

CCS:

“A subsurface body of rock with sufficient porosity and permeability to store and transmit fluids 

and characterized by a hydraulically connected pressure system” + “overlying cap rock or seal” 

+ “retention of injected fluid through one or more trapping mechanisms”. 

Parameter Probability of 

Favourable 

Conditions 

Temperature 70 %

Permeability 70 %

Fluid Chemistry 90%

COMBINED :

Probability of Discovery

~ 44 %

(Harrison, 2020)

(Ussher, 2019)

(UNECE, 2016)
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Unconventional ‘EGS’ well designs 

(Shiozawa and McClure, 2014)

 

(Gedzius and Teodoriu, 2011)

(Clauser, 2006)

(Jung et al., 2006, left, and 
Torsten et al., 2010, right)
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(Van Huisen, 1969) (Lakic, 2010)

Unconventional closed-loop designs (1) 
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(Büchi, 1990, (a), and Hara, 2011, (b))

Thermally enhanced downhole designsArtificial Geyser

(Bierenriede, 2011; Heller and Teodoriu, 2013; Heller et al., 2014; Teodoriu et al., 2015)

(Büchi, 1990, (a), and Hara, 2011, (b))

Unconventional closed-loop well designs (2)
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‘AGS’ (e.g., Eavor)

(Eavor, 2021)
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…and pre-Eavor

(Isaakidis, 2010)
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CO2-Plume Geothermal Systems

(Saar & Randolph, 2012) (Saar, 2021)
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Supercritical resources

Pure water: T>374∘C and P>22.064 MPa 

Pioneering projects, e.g. the Icelandic Deep Drilling Project. 

SC geothermal fluids have high enthalpy per unit mass, i.e. 

up to a tenfold increase in power generation.

Research projects located in active volcanic areas in Japan, 

New Zealand, Italy, Iceland, USA and Mexico.

IDDP-2

Also, ‘super-hot EGS’…
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Repurposing oil & gas wells…

(Wastson et al., 2020)

Repurpose hydrocarbon wells …and delay decommissioning 

Onshore vs. offshore

Power vs. heat vs. CHP

Field BNG Reference 
Production  
(m3 year−1) 

BHT 
(°C) 

Wells 

Wytch Farm (WY) SY 958 852 18,566,023 65 118 

Stockbridge (SB) SU 423 339 130,779 51 8 

Welton (WE) TF 036 752 50,262 52 18 

Wareham (WA) SY 898 872 35,869 44 5 

Palmer’s Wood (PW) TQ 364 526 34,852 42 6 

Storrington (ST) TQ 069 149 17,530 55 2 

Cold Hanworth (CH) TF 037 822 15,458 72 4 

Singleton (SI) SU 884 154 11,820 58 6 

Whisby (WH) SK 893 688 11,461 43 4 

West Firsby (WF) SK 989 845 8797 66 4 
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…need to think full LCA / Cradle-to-Grave

~320 fixed installations offshore 
UK >44 bn boe recovered
(NAO, 2019)

Estimated cost of decom for UKCS 
over next two decades:
£44.5bn (NSTA, 2022)

(OGA, 2020)

Cradle-to-cradle if infrastructure can be reused? 
But which infrastructure, and for how long?
Decom liabilities if ‘new use’ of oil & gas asset?

Decommissioning liabilities
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Conclusions
▪ Plenty of geothermal / oil&gas synergies (not a new fact!). 

▪ Need for risked geothermal pathways, based on projects identification 

(ongoing vs. committed vs. notional).

▪ Geothermal progress not currently on track – opportunities?

▪ Opportunities (commensurate with expectations) can shift investment.
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#UofGWorldChangers

@UofGlasgow

Thank you!

gioia.falcone@glasgow.ac.uk
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‘Zero’, ‘net-zero’ & ‘negative net-zero’

(Climate Analytics, 2019)
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Evolution of total budget

(IEA, 2021)
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Public investment in renewables

(IRENA, 2020)
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Global energy investment, 2017-2021

(IEA, 2021)
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Global LCOEs from newly commissioned utility-
scale renewable power generation technologies

(EGEC, 2021)

(Different from LCOH)
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Global geothermal power costs

(Statista, 2024)
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Drilling costs -1

(EGEC, 2012)
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Drilling costs -2

(EGEC, 2016)
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Oil&gas/geothermal wells costs -1
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(Lukawski et al., 2016)

Oil&gas/geothermal wells costs -2
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(Falcone and Teodoriu, 2018)

Drilling: lost windows of opportunity?
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Global energy investment, 2017-2021
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