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LΩƳ ŀ ƎŜƻǎŎƛŜƴǘƛǎǘ ƻŦ Ϥ ол ȅŜŀǊǎ 
experience and now direct my 

consultancy company

LΩǾŜ ōŜŜƴ ƭƻƻƪƛƴƎ ŀǘ ƎŜƻǘƘŜǊƳŀƭ 
exploration in a number of 

capacities over the past 7 years

Today will be a fast-paced 
overview of geothermal in 

an energy transition 
context
~ 55 min

dave.waters@paetoro.com

Grey = Not for today

ÅAre nuclear and geothermal ever in competition?  Will they ever be?

ÅPART D ɀThe customers
ÅBig single heat or power customers

ÅNetworked energy distribution ɀheat or power

ÅCritical mineral users

ÅPART E ɀGeothermal Direct Lithium Extraction (DLE)
ÅHow to explore for and produce geothermal DLE Lithium

Dr. Dave Waters
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The energy & climate premise

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

Some comparisons
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Three fundamental energy sources & a definition

1) The solar and cosmic radiation incident on our planet 

2) The kinetic energy of early solar system bombardments converted to heat & lunar orbit

3) The heat of radioactive decay - both naturally in the crust, and stimulated in reactors

ÅGeothermal energy drives from 2 & 3, roughly half and half

ÅIt is heat derived from the earth

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales
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The decarbonisation ticking clock ɀa competitive driver
ÅNow at 419 ppm and ~ 2.4 ppm/a increase.

Å450 ppm => 2 deg C global temperature rise.   

Å80% reduction in fossil fuel combustion to stop 
runaway warming

ÅStrong incentive to decarbonise 

ÅStrong drive to better incorporate the true cost 
of emissions

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

CO2 fossil & industry

CH4
N20

F-gas

CO2 CO2CH4

CH4
N20

N20

F-gas F-gas

ÅCO2 is not the only 
culprit

Å It is by far the 
biggest 
anthropogenic one

Geothermal ςǿƘŀǘΩǎ 
new? 

The drive to decarbonise 
has accelerated and the 
cost of carbon has been 

realised
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The importance of decarbonising heat 
ÅIn UK, 50% of energy demand is heat related

ÅTwo thirds is gas (69%), and nearly four fifths (79%) is oil or gas

ÅTypical of temperate advanced economies

ÅThe size of the decarbonisation prize is big

ÅGeothermal is not the only option ɀbut it has an important role to play

TOTAL
1377 TWh 

TOTAL 690 
TWh 

www.paetoro.com
www.paetoro.com

Major economies use as 
much as half of their 

primary energy on heat
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Geothermal Commodities

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

Heat, power, mineral



Coro and Trumpy 2015 ς
traditional geothermal 

power favourability 

Heat & power

ÅGeothermal energy is not 
just about power, which 
needs higher temperatures

ÅGeothermal resource is not
only where there is very 
high volcanic heat flow 

ÅSedimentary reservoirs 
and aquifers around the 
world provide many 
options for heat use

Geothermal for power needs the high 
temperatures of volcanism or deep basins 

Limberger et al 
2018 

Sedimentary 
basin aquifer 
geothermal 

gradient

Grey areas => 
sediment thickness 

<100m

6.0 km

Threshold depth 
for 80 deg C 

assuming surf 
temp of 20 deg

3.0 km 2.0 km 1.5 km 1.2 km 1.0 km 0.86 km 0.75 km

Geothermal for heat is less 
restricted
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Geothermal DLE (Direct Lithium Extraction)
ÅGeothermal direct lithium extraction ɀall the rage, but full scale production lines are yet to 

come ɀthe concept is still at pilot stage

ÅThe best brine mineral concentrations ɀtend to come with high temp

Å,É ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÁÂÏÖÅ ΣΡΡ ÐÐÍ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÉÎÔÅÒÅÓÔÉÎÇȟ ÂÕÔ ÉÔȭÓ ÁÂÏÕÔ ÓÕÓÔÁÉÎÁÂÌÅ ÖÏÌÕÍÅ ɀ
not just the concentration 

ÅWe need longevity of producing concentrations ɀespecially if injection is happening ɀthat 
means long term testing to prove viability

ÅUnderstanding Li genesis and the fluid circulations is critical

ÅBoth often uncertain, and vary widely from place to place ɀno one formula fits all

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

Some key factors:
Igneous source

+/- Alkali volcanism
Sedimentary reworking
Evaporative reworking

Active rift burial
High enthalpy heat supply
Hydrothermal reworking
Lacustrine hydrothermal



But not just lithium 
to go for...
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Silver Gold Copper

Lithium Manganese REE

Silica and 
potassium have 
potential too

High TDS = good 
for minerals

But costs for 
maintenance and 
processing

Impacts power 
side

Hot water is an 
excellent solvent

But heat does seem 
to be the key for 
brine minerals

That means 
aggressive fluids -

scale and corrosion 
issues ςcomes with 

the package



ENEL Stillwater Nevada triple hybrid power plant ςGeothermal, Solar PV, Solar Thermal 

The hybrid renewables proposition?
ÅSometimes combined solar and geothermal plants are proposed ɀÔÏ ȰÍÁËÅ ÔÈÅ ÂÅÓÔ ÏÆ ÂÏÔÈȱ 

ÅThe approach is in its infancy and being tried out in some places ɀe.g. Nevada

ÅBut hybrid typically means more complicated too ɀoptimising one thing from an engineering and financing perspective 
is hard enough without having to juggle two ɀcompromises both a little ɀthe gain needs to be worth the extra hassle

ÅSo while there is a definitely case for learning more ɀsometimes sticking with one and doing it well is best

ÅInvestors like things to be commercial standalone and not depending on multiple things working

Geothermal & Solar..

Two or even three things 
for the price of one, 

sounds good on paper...

In practice it brings 
commercial and 

engineering complexity



GSHP:  Geothermal vs subsurface thermal

ÅGround sourced heat pumps (GSHP) are 

shallow circulating systems to conduct 

heat from the ground into a fluid and put it 

in a hotter one

Å They are not harnessing true geothermal 

heat unless they go below the ~ 10-20m 

depth of solar influence 

Å BUT they are often called so, especially in US

Å They need some power to run compressors 

and pumps 

Å For a little energy in they get a lot out

Å Water bodies or the air can also be used as a 

heat source

Å They utilise daily and seasonal solar radiation 

fluctuations for coupled heat and cool

Å Land area needed for meaningful heat 

supply can force going vertical and deep 

instead

ÅOf used subsurface heat resource, 

encompassing both ground sourced and 

63% -nearly 2/3 is ground sourced
12

geothermal

Not 
geothermal 
but often 

described as

~10-20m

solar radiation

63%
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ATES: Heat & cool storage
Å ATES= Aquifer thermal energy storage

Å)ÔȭÓ ./4 ÇÅÏÔÈÅÒÍÁÌ ÅÎÅÒÇÙ ÐÅÒ ÓÅ

Å The stored energy can come from anysource

Å$ÉÓÃÏÖÅÒÅÄ ÂÙ ÁÃÃÉÄÅÎÔ ÉÎ #ÈÉÎÁ ÉÎ ΨΡȭÓ ÄÕÒÉÎÇ 
injection to stop subsidence

Å Looking for a thermal conductivity sandwich ɀ
high conductivity between low conductivity

Å To store seasonal and daily heat and cold

Å Can work well ɀBUT thermal energy storage is 
never the most efficient means of storing energy.. 

Å ...but if the aquifer is shallow and cheap to 
reach

Å ...and the energy would be otherwise wasted

ÅȢȢȢ×ÈÁÔȭÓ ÎÏÔ ÔÏ ÌÉËÅ

Å Very big in China, Netherlands, and increasingly 
elsewhere

Å Lots of potential for megacity cooling in the 
tropics if adjacent to deep water bodies

Å If drilling for geothermal, worth tagging what you 
see on the way down

No. of ATES 
projects by 
province, 

China

ATES 
projects 

Netherlands

ATES ґGeothermal per se ςthe heat (or cool) can come 
from anywhere, BUT you can use it with geothermal

Storing daily or seasonal heat & cool in tune with demand

Thermal 
conductivity 

sandwich
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Core geothermal background

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

Some comparisons
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Different types of geothermal

ÅA definition:  Geothermal energy is heat that is generated
within the Earth
Å not then ground sourced heating in the top 20m of the earth = 

solar
Å not thermal energy storage undergr0und

ÅBy commodity 
ÅDirect use heat or power (& brine mineral)

ÅBy energy punch
ÅSupercritical/High enthalpy/Low enthalpy
ÅEnthalpy incorporates both temperature and pressure

ÅBy working fluid(s)
ÅWater/steam/supercritical CO2/secondary organic fluids

ÅBy depth
ÅShallow ~<800m; Deep > 800m

ÅBy geothermal system
ÅVolcanic, conductive, advective, convective

ÅBy exploitation system
ÅOpen system doublets/closed loop/DBHE/EGS

ÅBy customer type
ÅMany and varied

15

Drilling for direct use heat between greenhouses, Netherlands

Geothermal energy is not one 
thing ςit is many 
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Scalability of investment

ÅFor an investment in a project to be attractive

ÅIt has to be scalable

ÅThe investor has choice ɀit is not their role to do 
ÕÓ ÆÁÖÏÕÒÓ ÂÅÃÁÕÓÅ ÉÔȭÓ ȰÇÒÅÅÎȱ

ÅNobody wants to spend a lot of time and effort 
ÏÎ ÓÏÍÅÔÈÉÎÇ ÔÈÁÔ ÃÁÎȭÔ ÂÅ ÒÅÐÅÁÔÅÄ

ÅYet individual geothermal projects are very 
location specific ɀnot just to the geoscience ɀ
but to the market

ÅThat makes upscaling a challenge

ÅHow do we apply widely the success of one 
project when it is so different to the next?

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

We need to be able to upscale and repeat
We need to meet customer requirements 

better than the competition
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Complexity, Diversity, Locality

Commodity
type

Resource 
System

Regulatory 
framework

TechnologyData 
Maturity

Customer
& infrastructure

Community & 
Competitor

GEOTHERMAL COMPONENTS θa non exhaustive selection

Many things have to come 
together for geothermal 

success
Often the geoscience is 
the least of the issues 

Finance
Hazard 

mitigation

Cachan, Paris
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Geothermal system diversity Diversity = 
opportunity

CONVECTION
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CONVECTION

Å Geothermal systems are diverse

Å Lithology and permeability architectures modify heat flows

Å Temperature and geochemical gradients modify fluid  behaviour

Å Pressure-temperature-depth-phase relationships vary

Å These are all reasons why scaling geothermal up has been difficult

Å Volcanic geothermal systems along  active plate margins the ones we are 
most familiar with 

Å Lots of heat and good for power

Å Coupled Orogen-basin advective & convective geothermal systems

Å Mountain belt recharge drives overpressured circulation in adjacent 
basins

Å Intra-Cratonic basin & shield conductive & convective geothermal systems

Å Conductive heat flow from the lower crust is modified by lithological 
and structural variations

Å All these systems present geothermal opportunity worth assessing
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Geocities & DH With ATES

Sustainable timber & paper
Hybrid Geothermal & Surface RenewablesGeothermal for Mining

Geofood

Thermal Desalination

Green H2 for industrial 
feedstocks

Å Because the geothermal 
commodity ςheat ςis 
ǇƘȅǎƛŎŀƭƭȅ ǘǊŀƴǎƛŜƴǘ ŀƴŘ ŎŀƴΩǘ 
be exported

Å Geothermal commerciality is 
first and foremost about 
understanding the local 
market

Å Many, many options, each 
with specific needs and 
efficiencies

Diversity of geothermal customer

PowerSpace heating & de - icingSport , Leisure & balneology

Customer driven 
exploration
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Å More than greenhouses

Å Much food production requires heat

Å Opportunity riding on COVID and 
transport cost drivers for more domestic 
food production

Geofood

greenhouses grain drying fruit drying

fish drying

aquaculture
distillery

brewery
pasteurisationfish processing

Cheese
meat processing honey processing edible (& fuel) oils sterilisation

Just for starters...

Livestock and 
equipment 
care

spirulina algal 
superfood

Freeze 
drying

Just a few....
Possibilities 

endless
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Harnessing geothermal heat ɀfor direct use heat & power
Å Heat is mostly straightforward to 

use directly as heat

Å Organic Rankine Cycle (ORC) binary 
is the most common type of new 
power plant construction 

Å It uses two working fluids ɀone an 
organic one that is vapour at lower 
temperatures

Å More efficient & accesses lower 
temperatures

Å Dry steam, flash steam, dual flash 
steam are others but tend to be 
higher temp. affairs

Å Commercial feasibility is a function 
of both flow rate and temperature

Å ORC binary power is technically 
feasible to 90 deg C

Å In practice ORC binary is rarely 
commercial below 140 deg C ɀÉÔȭÓ 
possible but would need great flow 
rates

Å Depending on how cool we can 
ÒÅÉÎÊÅÃÔ ÉÎÔÏ ÔÈÅ ÒÅÓÅÒÖÏÉÒȟ ÐÏ×ÅÒȭÓ 
waste heat may have cascaded 
direct heat use options ɀthe cooler 
we can go before injecting, the 
more the options

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

Lund 2016

DIRECT USE HEAT

Lund 2016

POWER
(ORC 

BINARY)

Eliasson et al 2012

POWER BY TYPE

²ƘŀǘΩǎ ŘƻŀōƭŜ ŀƴŘ ǿƘŀǘΩǎ 
commercial are very different things

https://www.carbon-
counts.com/about-
geothermal-energy

BOTH -
CASCADED

THE VALUE OF COOLING 
AVAILABILITY

Nice cool river helps
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The Lindal Diagram

ÅDifferent 
customers have 
very different 
temperature 
requirements

¸ƻǳ ŘƻƴΩǘ ƴŜŜŘ 
140 deg C to 

grow cabbages 
or defrost a 

football pitch

Heat pumps also allow options of raising temperature by 
άŎƻƴŎŜƴǘǊŀǘƛƴƎέ ƘŜŀǘ ŦǊƻƳ ŀ ƭŀǊƎŜ ŎƻƻƭŜǊ ǾƻƭǳƳŜ ǘƻ ŀ ǎƳŀƭƭŜǊ ƘƻǘǘŜǊ ƻƴŜ 
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What we want to know...

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

ɲQ = mc ɲT

USEABLE HEAT fluid constant 
ςability to 
carry heat

Fluid mass

Flow rate * time

And... 
...how well production varies with time

...how quickly the reservoir cools with time
...how efficiently we can exchange heat

...how efficiently we can transform heat to power
Lower the temperature the lower the efficiency

Production-injection 
temperature difference

The more we can cool 
to at surface, the more 

heat we can get out

For a given surface flow rate: longer in reservoir = more heat

Heat flow = mW/m2 = MJ/s/m2 ςfunction of both area and time

The more even the perm, the more distributed the flow, the greater 
the area, the slower the flow, the longer the time, the more heat 

collected

Flow rate is as important as temperature

For the same flow rate
A wider river flows slow over greater area
A narrow river flows fast over smaller area

²Ŝ ƛŘŜŀƭƭȅ ǿŀƴǘ ƻǳǊ ǊŜǎŜǊǾƻƛǊ άǊƛǾŜǊέ ǘƻ ōŜ ǿƛŘŜ 
and slow for a given flow rate 
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ɲQ = mcɲT
In general, porosity, permeability, flow rate, mass, gets better 
faster going up than temperature does going down, and heat 
pumps can beef up temperature with good flow rates cheaper 

than drilling deeper into tighter rocks can.

8

6

4

2

0

Temp generally approx. linear increasing 
with depth

Porosity non 
linear decreasing 
fast with depth

Temperature Drilling Cost

Porosity-Permeability

Drilling cost non 
linear increasing 

with depth

~ Flow rate ~ perm ~ porosity

Temperature gets better 
going deep - linearly...

...Reservoir and costs get 
better going shallower -

exponentially

Depending on customer, better flow rate shallower can 
be more attractive than better temperature deeper
For a price, heat pumps can also deliver temp. uplift



www.paetoro.com

25

What geothermal offers, realistically... 

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales

NETHERLANDS 2016 ς2%of rnw 

1.8%

GLOBALLY 2014 - 4%of rnw
Geothermal 28% 

World 2014 Netherlands 2016

Kenya 2019

In an non-volcanic nation 5% of total primary energy is ambitious, 1% is doing OK
In a small to moderate sized volcanic nation 20 +/-10% can be doable 

Rnw 80% of whole => 22%whole

BUT renewables only 40% of whole

=> 9%whole

BUT renewables are only ~15% of 
whole => 0.6%whole

BUT renewables are only 9% of whole 
=> 0.2%whole

NZ ~ 22%of rnw

KENYA 2019 ς28%of rnw 

¢ƘŜ ҈ ƻŦ ǊŜƴŜǿŀōƭŜ ǇƻǿŜǊ ґ 
% of total primary energy

We have to correct to get the true 
contribution

rnw = renewably sourced energy
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New geothermal technologies 

Paetoro Consulting UK Ltd.   Inc. 2016 in England and Wales
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The Great Technology Tease

Å Lots of things work already, but lots of new improvements are coming

ÅĘŝϐŕƳƨσǭϐƨŝŝŕϐǭƳϐƙƨƳȎϐƨŝȎϐǭŝŎƀƨƳƝƳŸƆŝǡϐįǙŝϐŎŝǙǭįƆƨƝȔϐŸƳƆƨŸϐǭƳϐȎƳǙƙΟΟΟ

Å ...To know and map where they are most likely to work if they do θand 
ǭƳϐŸŝǭϐǙŝįŕȔΤ

Å;ĀùϐƝŝǭσǡϐƨƳǭϐŷƳǙŸŝǭϐįƝƝϐǭƀŝϐǡǭǵŷŷϐǭƀįǭϐȎƳǙƙǡϐįƝǙŝįŕȔϐįƨŕϐƀįǡϐƝƳǭǡϐƳŷϐ
optimisation running room

The great technology tease
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Supercritical geothermal

Drilling fast, deep, hard, slim

Onshore seismic acquisition CO2 plume geoth. & CCS

Deep closed loop
MMW/
plasma 
drilling

Direct lithium extraction

Onshore seismic
reprocessing advances

EGS & Hot dry rock


