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Two Ways To Look at Al

, . e s N
AI-generated pr is slowly kl}hﬂg the Protein structure Mapping the Al-assisted brain computer
ln?temet, so why is nobody trying to stop prediction breakthrough human brain interfaces
it S d
Arwa Mahdawi ( _ , . . )
Th Al'in mathematical J [ Astrophysical J [ Al-assisted weather
e " . . . . .
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Low-quality 'slop’ generated by Alis crowding out genuine Material science Al/Quantum algorithms for Al-created
B ) breakthroughs chemistry simulations algorithms
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The Explosion of "Al Slop” A Golden Era for Science
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Guardian Al Spatial Intelligence Processing for Al

A perverse information ecosystem is being mined by big tech
for profit, fooling the unwary and sending algorithms crazy

Similar lists for business, industry, healthcare and the military
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https://www.theguardian.com/global/commentisfree/2025/jan/08/ai-generated-slop-slowly-killing-internet-nobody-trying-to-stop-it
https://www.theguardian.com/global/commentisfree/2025/jan/08/ai-generated-slop-slowly-killing-internet-nobody-trying-to-stop-it
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How Nvidia and OpenAl Fuel the Al Money Machine

~ Hardware or Software .~ Investment . Services - Venture Capital
Circles sized by market value

Microsoft
Ambience $§'9T
Healthcare
Harvey Al

Anysphere

OpenAl to deploy’ Nvidia agrees
6 gigawatts'of AMD to invest up to
GPUs. AMD gi\{es $100 billion in
OpenAl opticq to buy OpenAlx
up to 16()i'm\'lli’on shares.

i

OpénAl inks a
$300 billion cloud
deal with Oracle.

Oracle

spends tens

of billions on

Nvidia chips.

t
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\
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Mistral ‘ Oracle

Figure Al g

Source: Bloomberg News reporting


https://www.youtube.com/watch?v=Xl0xgXejAa8
https://www.bloomberg.com/news/features/2025-10-07/openai-s-nvidia-amd-deals-boost-1-trillion-ai-boom-with-circular-deals

Prosperity for
whom? Just
checking ©

How did we get to the
doorstep of the next
leap in[prosperiz‘y?

Deep learning worked, got predictably

better with scale, and we dedicated
increasing resources to it.

Sam Altman, OpenAl

Scaling deep learning
means scaling compute
power, which means
bigger, more power
hungry data centers







Source: OpenAl - Scaling Laws for

How does Al get sSMma rter? Neural Language Models

Data Set Size

Can only scale...
y Parameters

But scaling these means...
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https://arxiv.org/pdf/2001.08361
https://arxiv.org/pdf/2001.08361

Dramatic growth in Al electrical power demands

8

4 N\
The Al effect: Average power draw per rack
30-100 kW+
60 kwW .
" The "GPU tax”
The CUDA Moat
20-25 kW
20
5-10 kW
.
Standard Rack High-Density Rack Al-Capable Rack
~»PTC
\\§ J
4 \
Difficult to find the electrical power to build
data centers in one location
Implies Al data must move to where the power is
. J

Global

USA

Data center capacity demand is currently primarily driven by Al

Estimated global data center capacity demand
{gigawatts)

+22%
CAGR

+39%
EPEN] CAGR

+16%
CAGR

2023 2025 2027 2029

Source: McKinsey

Demand for advanced-Al capacity
(% of total data center capacity demand)
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Heading towards Gigawatt scale Data Centers

Figure 1: US data center power load
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Figure 2: Average hourly US data center electricity demand
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Source: BloombergNEF, DC Byte. Note: ‘Power load’ and ‘average hourly electricity demand’ refer to the electrieity used by the

entire dala center facility.

© 2025 Nokia

Note: PJM Interconnection is the largest Regional Transmission Organization (RTO) in the United States,
managing the electric power grid for parts of 13 eastern states and the District of Columbia.
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Al power demands in context

The Al could account for nearly half of
Power Demand (G\N) Gllal‘ dian datacentre power usage ‘by end

of year' (2025) Link

Ireland
Switzerland ) )
AUstria " Google says U.S. is facing a power
- L\ A capadity crisis in Al race against China
Netherlands CNBC ;5 15HED WED, FEB 12 2025 1:02 PM EST Link

Bitcoin I ———
Al N
UK MIT "We did the math on Al's energy

Tech_nology footprint. Here's the story you
Review haven't heard.” | jnk

France
Data centers I

0 10 20 30 40 50

Source: Alex de Vries-Gao. “Artfficial intelligence: Supply chain constraints and energy implications”: Link
Notes: situation at the end of 2024, Al end 2025. 'Datacenters' excludes crypto mining. Al is

considered 'all-in" including training power consumption, for instance. hO(I :
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https://www.sciencedirect.com/science/article/abs/pii/S2542435125001424
https://www.technologyreview.com/2025/05/20/1116327/ai-energy-usage-climate-footprint-big-tech/
https://www.theguardian.com/environment/2025/may/22/ai-data-centre-power-consumption#:~:text=By%20the%20end%20of%202025,energy%20consumption%20of%20the%20Netherlands.
https://www.cnbc.com/2025/02/12/google-says-us-faces-power-capacity-crisis-in-ai-race-against-china.html

Note: These examples are to show the headlong rush to mega scale data centers is real. The actual ranking of
current future data centers is not clear cut — especially in China, where past claims have been chalenged.

Data centers are getting bigger!

2013 2025 2028

NG

ges+BEAmnounced

Then...largest DC in Europe Largest DC in the World

| ar
-

Jeollanam-do Province

Meta's Lulea Data Center China Telecom IMIP
South Korea

Alis resetting the

expectation of what a 30 MW* 150 MW S,OOO MW

"large Data Center” is

84,000 m? 1,000,000m? $35B Investment
*267,471 MWh of electricity Note — China occupies the Source: Capacity
annually and withdraws 25 4 first 7 places in at least one

million litres of water Data Center Top 10 list
Source: Baxtel
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https://baxtel.com/data-center/facebook-lulea
https://www.capacitymedia.com/article-south-korea-to-build-one-of-the-worlds-largest-ai-data-centres
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Al Hyperscaler CO, Committments

Share of Critical IT Load - Worldwide (MW)

Data Center Capacity Trends

g

80% Hyperscale:
Owned
s Hyperscale:
Leased
40%
= Colocation:
Non-Hyperscale
20%
= Enterprise
On-Premise
0%

2018 2024 2030
Source: Synergy Research Group

More and more DC capacity is being
driven by hyperscalers Link

Thank goodness they have the best
interests of the planet at heart

%,

12
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Google 2025 Environmental

Sustainability Report
E nV l ron m e nta I Accelerating progress to 2030

Source: Hyperscalers versus
the sustainability pushback

Report

2025, . e LTI : oo A

B Microsoft

Google Microsoft:

Goal: “Carbon neutral by 2030" Goal: "Remove all MSFT

Reality: 48% increase in CO, CO; emissions by 2050

emissions since 2020 Reality: 29.1% increase in
CO, since 2020

Over half of Amazon's and Microsoft's renewable energy came from . . . .
certificates unbundled from power supply contracts Source: Financial Times. Published August 2024

Proportion of unbundled certificate purchases compared to total renewable energy consumed, n f ” r 2 2

reported in 2023 CDP filings

” l\‘

Amazon Microsoft Apple Meta Alphabet Unbundled

certificates
Total renewable
58% energy consumed
0%
Meta Alphabet - Unbundled Companies set their own renewable energy goals using criteria, calculations and reporting cycles that differ from CDP's
Source: Company filings to COP

cerfificates T
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https://www.srgresearch.com/articles/the-worlds-total-data-center-capacity-is-shifting-rapidly-to-hyperscale-operators
https://www.verdict.co.uk/hyperscalers-versus-sustainability-pushback/
https://www.verdict.co.uk/hyperscalers-versus-sustainability-pushback/
https://www.verdict.co.uk/hyperscalers-versus-sustainability-pushback/
https://www.ft.com/content/2d6fc319-2165-42fb-8de1-0edf1d765be3
https://www.ft.com/content/2d6fc319-2165-42fb-8de1-0edf1d765be3

RECs, CECs and GOs: The “subprime derivatives” of Clean Energy

8 UNIVERSITY OF S . Australia’s experience — C|ean Energy Agreements

Link ISR  Carbon Credit Schemes Y
CAMBRIDGE  Lnktoreport ™ . increasing while Renewable Why use “real” clean energy when you
. . o : . "o " ’?
Millions of carbon credits are . Energy projects decreasig can buy "virtual” dean energy:
- - sineto feport ACCU = Australian Carbon Credit Units
generated by overestimating rpa: vt e of AcE s
3,000 as good energy
forest preservation = " lssuesinthe Linkto report
Study analyses major carbon offset projects, . domestic market...| penewable Energy Taritfs:
and finds that — of a potential 89 million b i
credits — only 5.4 million (6%) were linked to S
additional carbon reductions through tree 2000
; ) ) Navigating the'nuances of corporate
conservation. "o I . “ RIaeRWIGaRellelN cnewable electricity procurement:
R I@ The Problem With "Green’ - e m 0 delgelelr:Ni[e]lsiNN SPOTLIGHT ON FASHION AND TECH
ee Energy Certificates A SPECIAL EDITION OF
Saurces: ABS [2022) Value of renewable energy construction; Emissions Reduction Fund (2023] Emissions THE CORPORATE CLIMATE RESPONSIBILITY MONITOR
link to artide Reduction Fund project regi Nmf:nﬂda:a orereuatlc 1 lsun\yevg;\:b\ei‘w:arnhalld
. Figure & ol the March an a across the calander year. Llﬂk r r
Problem: Carbon credit schemes are Problem: Compames are trading in Clearj Energy ‘Contracts asa 'q_umjk fix —
poorly regulated and, in a hugely allowing them to delay or avoid taking effective energy decisions

shocking revelation, it seems that

Long term this actually reduces the number of
humans can be rather unscrupulous

real clean energy projects being started
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https://www.cam.ac.uk/stories/carbon-credits-hot-air
https://australiainstitute.org.au/post/carbon-credits-and-offsets-explained/
https://www.goodenergy.co.uk/wp-content/uploads/2021/11/the-problem-of-greenwashing-october-2020.pdf
https://newclimate.org/sites/default/files/2024-01/NewClimate_RenewableElectricityReport_%20Jan24.pdf
https://www.reel.energy/post/the-problem-with-green-certificates

This should be top of our “to do” list — “Item 1: Save the planet”

2024 saw the biggest annual rise in CO2 emissions Source: WMO 2024-25 Report
g{ : ‘!& WORLD
'~. /)Y METEOROLOGICAL
2 ORGANIZATION
It's not just the absolute concentration... ..CO, growth rate is bad...really bad
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https://wmo.int/files/greenhouse-gas-bulletin-no-21
https://wmo.int/files/greenhouse-gas-bulletin-no-21
https://wmo.int/files/greenhouse-gas-bulletin-no-21
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Many of the arguments | present here are unigue to the |
SCALE of Al Data Centers

= Criteria for national power generation strategies for
< S domestic and other industrial uses may be different







How does the world generate electricity?

Fleclricily production by source, World
Measured in terawatt-hours'.

30,000 TWh _~ Other renewables
' Bioenergy
Solar

— Wind
25,000 TWh
Hydropower
20,000 TWh
Nuclear
—Qil

15,000 TWh
10,000 TWh
5,000 TWh

0TWh
1983 1990 1995 2000 2005 2010 2023

Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2024) QurworldinData org/energy | CC BY

Note: "Other renewables” include waste, geathermal, wave, and tidal

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watl is equivalent to one joule per second, a
walt-hour is equivalent Lo 3600 joules of energy. Melric prefixes are used for multiples of the unit, usually: - kilowatt-hours {(kwh), or a thousand
watt-hours. - Megawatt-hours {MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a hillion watt-hours. - Terawatt-hours (T¥Wh), or a trillion

Energy consumption is rising

This is a good thing! Energy = Prosperity
Don't feel quilty that this is chart is rising...

18 © 2025 Nokia

In 1985 fossil fuels accounted for

Share of electricity production by source, World
40%\”_/\/_/\/\/\/\\/\
359% Coal

In 2023 fossil fuels accounted for

61% of power generation*

3% of power generation

Gas
20%
Lo Hydropower
10%
Nuclear
Wind
5% Solar
ail
Bioenergy
0%+ - + = > . r + Other renewables
1985 1990 1995 2000 2005 2010 2015 2020 2023

Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2024) QurWorldinData.org/energy | CC BY

*2023 data includes 2.3% bioenergy, and some forms have significant CO2 footprint

Little or no progress on decarbonization

..we need to be far more focused on how
we generate this power

NO<IA



Solar and Wind At Gigawatt Scale

= P ,,lz’u;y“';. ==
“oa > i N
= R

Aa S o

= 4,660 acres = 3,530 football fields

et
« 864 MW of solar PV
* 3,287 MWh of battery storage

The largest BESS* in the world The largest BESS in
could only power a Gigawatt- * Europe would only
scale data center for 3 hours! last 40 minutes!
*BESS Battery Energy Storage System

45X larger than Colossus 2 Data Center

But solar only has a 25% energy factor
So the real area would be almost 200X

19  ©2025Nokia

Hornsea 2: 1.3 GW 114,000 acres

Offshore wind has a 35% energy
factor, so would need to be about

3,000X larger than the Data Center
itself

And it would be nowhere near the

Data Center

NO<IA


https://www.mortenson.com/projects/edwards-sanborn-solar-plus-storage
https://www.discoveryuk.com/building-big/the-largest-wind-farm-in-the-world/

Solar and Batteries can be “problematic”

>80% of solar panels

are made in China

|\

* 98% of solar wafers Link
* 92% of solar cells
* 85% of solar modules (panels)

Use of forced labor (Uyghur)
Xinjiang's forced labour
practices and the solar

industry's dependence

Link

<10% of solar panels are

recycled and newer panels are
even more difficult to recycle

20 © 2025 Nokia

>70% of lithium batteries

are made in China

Impossible to find reliable data on
battery recycling, or on what
constitutes “successful material
extraction”

BUT...The EU now has
legislation in place

ﬂ
BATTERY
MANUFACTURING

CAPACITY BY COUNTRY

Global lithium-ion battery production capacity
fold

2027 -

®

69% China
6,197 GWh

77% China
] 893 GWh

2%
194 GWh

A

H

© 2% Sweden
| 6%Poland SR
*73 GWh

|, 1% Poland
112 GWh

=¥ 127 GWh

Total
Capacity

Total

Capacity
Lc]\élv?,\av E!ﬂ'ﬂ 8,945 GWh
(GIGAWATEHOURS)



https://elements.visualcapitalist.com/chinas-dominance-in-battery-manufacturing/
https://www.iea.org/reports/solar-pv-global-supply-chains/executive-summary
https://www.greenmatch.co.uk/blog/solar-companies-linked-to-forced-labour
https://payaca.com/post/can-solar-panels-be-recycled#:~:text=Despite%20this%2C%20the%20process%20for,next%2030%20years%20and%20beyond.

The role of power grids

Coal

Gas

3

g
-
Nuclear L

Hydro _M_

Low Voltage
50kV

A new city needs
high capacity grid

connection, but
takes decades to

row in demand v
g Rural \gﬁﬂ‘- <
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Extra High Voltage
AC or HVDC
265-275 kv

High Voltage
110kV upwards

Co-located Solar,

Wind, Battery

Distribution Grid

€— BB  Solar
<— L Wind

H%‘ Battery
s ; Jm_ Pumped

Hydro

——— e A

Data Center

Al Data Centers can “pop up”
in a matter of months with
high demand on Day 1

Classic power grids were not
designed with intermittent,
DC power renewables in mind

Think about grid in same way as the
internet — a cloud...maybe ©

The Grid is fed from power stations
that generate AC

Different voltage levels for efficient
transmission and distribution

Normal scale users — like cities and
farms — use Distribution Grid

Renewable installations usually feed
into the Distribution Grid — and
generate DC

Storage systems also have 2-way
connection to Distribution Grid and
may generate DC or AC

Very high demand users will connect
directly to the HV transmission grid

Data Center may have local Solar,
Wind and Battery Storage

Needs Grid connection for reliability
against intermittent renewables

NO<IA
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Grid congestion issues already caused by move to renewables
g Link to article

Capacity crunch on National Grid is

1
]
1
. . !
delaying new homes in UK by years i
1
1
Council leaders warn of ‘infrastructure crisis’ that will also :'
affect green energy schemes and hinder growth ! Weat (RondSo) ; S 4
H 300 spp. O 100 =200
i i 200 300 0 n..
Link to article o B o S0,
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/ 300
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W Storage
P Gas
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~———

1,100 Renewable Energy Projects
Stuck in Grid Queue: Breaking Down

the Delays in the UK
[ [ x]
Grid Bottlenecks on

Link to article }
/
/
! -
! the Way in Europe?
TSO grid plans for solar/wind capacity versus

Size of wind farm
connection queues

il 7

I’

Y :
ggleﬂrrgy Aboutus So ’l’ 2030" energy policy targets (in gigawatts)
UK :" ‘EED ® New target Grid plansaften g benind

! L - ° : '
. | W € il epareen
MPs to be told grid delays are ! e — = D
- - I 77
descending into farce | T ) 3y D) EED gy P
) (5501 ] ® O mw 9_?5 . .
solar Energy UK : 3 I 03 130 ) ] 0 ) 03 0 _LLDJSJ.Qj.r_UQlﬁ
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ink to article i ; e,
’ NO<IA
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https://haush.co.uk/1100-renewable-energy-projects-stuck-in-grid-queue-breaking-down-the-delays-in-the-uk/
https://solarenergyuk.org/news/mps-to-be-told-grid-delays-are-descending-into-farce/
https://www.theguardian.com/society/2024/mar/10/capacity-crunch-on-national-grid-is-delaying-new-homes-in-uk-by-years
https://www.reuters.com/business/energy/western-us-embraces-grid-reforms-solar-queues-will-linger-2024-06-20/
https://www.intellinews.com/grid-bottlenecks-on-the-way-in-europe-320272/
https://www.weforum.org/stories/2024/07/nature-climate-news-renewable-energy/

Power grid investments

Age of Power Grids But somebody is investing heavily...

\_ Less than I Ultra-high-voltage direct-current projects in China fﬁ/\\
10 years
80% — aTx ©Dx . AR, .
L L China startede in 2011 é
— [ Between 10 N o
60% - = - and 20 years Twelfth Five Year Plan j{“ﬁ“\\“\,‘ i
e — [rm— aTx oDx Brane > o 3 \ t‘ ‘/
40% = | ——]
F— More than E i
— == 20 years S ‘
20% BTx @Dx
TIBET
0%
Japan European United Other adv.Southeast India Africa China Other
Union States economies Asia EMDEs
. . | = operating tine TuNNAN
2017: Proposal for North American Supergrid |~~~ Pamed ine 1

| M Population density, 2015 (est)

| Sources: State Grid; Centre for International
| Earth Science Information Network

North
American ;
Il Supergrid .

Transforming Electricity Transmission

April 2025: China has completed
« 38 Ultra High Voltage lines

* 18 of these are AC

» 20 are DC
» Carry power from Solar, Wind,

Hypothetical US network significant strain on today's grid
following railroad Rights of Way [frast e n bursss Sol o and udier
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https://www.bbc.co.uk/future/article/20241113-will-chinas-ultra-high-voltage-grid-pay-off-for-renewable-power
https://synertics.io/blog/148/eu-action-plan-for-grids-europes-strategy-for-upgrading-grid-infrastructure#:~:text=The%20EU%20Green%20Deal%20targets,in%20dire%20need%20of%20upgrading.
https://synertics.io/blog/148/eu-action-plan-for-grids-europes-strategy-for-upgrading-grid-infrastructure#:~:text=The%20EU%20Green%20Deal%20targets,in%20dire%20need%20of%20upgrading.
https://www.linkedin.com/pulse/curtailment-solar-wind-energy-germany-during-redispatching-pyetf/?trackingId=IAoFgGK8GcN1ivB3QAFlYQ%3D%3D
https://www.linkedin.com/pulse/curtailment-solar-wind-energy-germany-during-redispatching-pyetf/?trackingId=IAoFgGK8GcN1ivB3QAFlYQ%3D%3D
https://www.linkedin.com/pulse/curtailment-solar-wind-energy-germany-during-redispatching-pyetf/?trackingId=IAoFgGK8GcN1ivB3QAFlYQ%3D%3D
http://northamericansupergrid.org/wp-content/uploads/2017/11/supergrid_top.pdf
http://northamericansupergrid.org/wp-content/uploads/2017/11/supergrid_top.pdf

What are
Hyperscalers saying
that they are doing to
solve the Al power
problem?



SMR = Small Modular Reactor

The Hyperscalers’ Plans for Clean Energy

Short Term Long Term

amazon Purchased 900 MW Data Center next to SMR plans in 3 US locations (inc. VA and WA)
- Susquehanna Nuclear Plant x energy Anchor investor
October 2024: Google announced agreement ;’('-‘, Kairos Power

I Geothermal investments with Kairos Power for SMRs
o e FERVO Elementl Power and Google Sign Strategic Agreement to = =M=NTL
T ENEREY Develop Locations for Advanced Nuclear Projects -
tember 2024: Microsoft sign CEC and SMR Nuclear
& deal with OPG Fusion deal @HE'-“:'N

=. MicrOSOft agreement to reactivate reactor
at Three Mile Island with Helion
watt-scale Al nter wer

Jalking about a 130k “Intention ild Gi
ORACLE boahalal b Srral sl o ey Bosctors
Plan to b. !_nld Data Center near Au_gLMZ_Ah_AgLe&m&DIﬂLtbjﬁgﬁ S

Geosystems for Geopressurized IN
00 Meta i foms for G
NOKIA
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https://www.ans.org/news/article-5842/amazon-buys-nuclearpowered-data-center-from-talen/
https://www.aboutamazon.com/news/sustainability/amazon-nuclear-energy-smr-plans
https://www.aboutamazon.com/news/sustainability/amazon-nuclear-small-modular-reactor-net-carbon-zero
https://www.bbc.co.uk/news/articles/cx25v2d7zexo
https://www.bbc.co.uk/news/articles/cx25v2d7zexo
https://www.bbc.co.uk/news/articles/cx25v2d7zexo
https://news.microsoft.com/en-ca/2022/09/26/opg-and-microsoft-announce-strategic-partnership-to-power-a-net-zero-future-for-ontario/
https://news.microsoft.com/en-ca/2022/09/26/opg-and-microsoft-announce-strategic-partnership-to-power-a-net-zero-future-for-ontario/
https://www.helionenergy.com/articles/helion-announces-worlds-first-fusion-ppa-with-microsoft/
https://www.helionenergy.com/articles/helion-announces-worlds-first-fusion-ppa-with-microsoft/
https://www.helionenergy.com/articles/helion-announces-worlds-first-fusion-ppa-with-microsoft/
https://www.oracle.com/news/announcement/ocw24-oracle-offers-first-zettascale-cloud-computing-cluster-2024-09-11/
https://www.oracle.com/news/announcement/ocw24-oracle-offers-first-zettascale-cloud-computing-cluster-2024-09-11/
https://www.theregister.com/2024/09/11/oracle_1gw_datacenter_smr_plan/
https://www.theregister.com/2024/09/11/oracle_1gw_datacenter_smr_plan/
https://www.theregister.com/2024/09/11/oracle_1gw_datacenter_smr_plan/
https://www.theregister.com/2024/09/11/oracle_1gw_datacenter_smr_plan/
https://www.ans.org/news/article-6541/bees-block-metas-nuclearpowered-data-center/
https://www.ans.org/news/article-6541/bees-block-metas-nuclearpowered-data-center/
https://www.ans.org/news/article-6541/bees-block-metas-nuclearpowered-data-center/
https://about.fb.com/news/2024/08/new-geothermal-energy-project-to-support-our-data-centers/
https://about.fb.com/news/2024/08/new-geothermal-energy-project-to-support-our-data-centers/
https://about.fb.com/news/2024/08/new-geothermal-energy-project-to-support-our-data-centers/
https://about.fb.com/news/2024/08/new-geothermal-energy-project-to-support-our-data-centers/
https://blog.google/outreach-initiatives/sustainability/google-fervo-geothermal-energy-partnership/
https://www.bbc.co.uk/news/articles/c748gn94k95o
https://www.bbc.co.uk/news/articles/c748gn94k95o
https://www.prnewswire.com/news-releases/elementl-power-and-google-sign-strategic-agreement-to-develop-locations-for-advanced-nuclear-projects-302447957.html
https://www.prnewswire.com/news-releases/elementl-power-and-google-sign-strategic-agreement-to-develop-locations-for-advanced-nuclear-projects-302447957.html
https://www.prnewswire.com/news-releases/elementl-power-and-google-sign-strategic-agreement-to-develop-locations-for-advanced-nuclear-projects-302447957.html

project Focus on promoting | qul International Energy Agency Report:
INNerspace new geothermal ——— Future of Geothermal Energy 2025
Geothermal a—

1 - The Future of Geothermal Energy
tohoNNgiond
Looarerry

(US-specific report)

The ground below the earth’s surface is hot because
of the radioactive decay of natural elements like
uranium and thorium

In some places around the world this heat is easier
to get to — Conventional Geothermal Enhan hermal: The Bottom Line*

Promising technique in countries that accept fracking
Can provide employment for former oil/gas workers

Enhanced Geothermal Systems use fracking
techniques to enable many more locations

Conventional Geothermal provides less than
1% of global energy today — because it tends
to be used in the “easiest’ geothermal Probably not as ‘green” as the claims — especially at scale

locations Probably more of a “tens of megawatt” scale solution, not gigawatt

) ) But it's early in the development of EGS — keep an open mind
United States, Iceland, Indonesia,

Turkey, Kenya, Italy

*The author’s opinions — please read the reports and draw your own conclusions

Total cost of

ST R Potential to create 700 GW of
» $600-900M

1 phie ' new geothermal generation

*Geothermal may release CO, from underground. This can be T
removed before release, but the USAis not a Kyoto treaty within 50 years
signatory so it is unclear if CO, emissions would be monitored

or enforced for EGS plants.
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https://projectinnerspace.org/
https://projectinnerspace.org/
https://energy.mit.edu/wp-content/uploads/2006/11/MITEI-The-Future-of-Geothermal-Energy.pdf

ur World

What are the safest and cleanest sources of enerey? s

Death rate from accidents and air pollution

Measured as deaths per terawatt-hour of electricity production.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU.

Coal

\ L Link to paper
Greenhouse gas emissions

Measured in emissions of CO -equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.

\—1230—ﬁme5 higher than solar 36% of global electricity 160-times higher than nuclear energy A
A ) . 3% of global electricity : . » A
613-times higher than nuclear energy 65-times higher than wind
28 deaths- Natu ral GaS _ 440 tonnes
22% of global electricity
4.6 deaths Biomass . 78-230
- 2% of global electricity "tonnes
13 deaths ] Hydropower 24 connes
171,000 deaths from Bangian Dam failure in 1975, China 124 of global electricity )
004 deats Wind | 1 tomnes Ngclear is the safe;t arjd cleanest
7% of global electricity gigawatt-scale, grid-friendly, and
0.03 deaths| Nuclear energy |6tonnes ] reliable way to generate electricity
ncludes deaths from Chernobyl and Fukushima disasters ! 10% of global electricity J

0.02 deaths ‘

Solar

4% of global electricity

53 tonnes
(8 — 83 tonnes, depending on technology and location)

Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008: 2018); Sovacool et al. {(2016); IPCC AR5 (2014); UNECE (2022); Ember Energy (2021).

OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.


https://ourworldindata.org/safest-sources-of-energy

Materials Use By Power Generation Type

Mass of Materials (tonnes/TWh)

Manufacturing Materials

"Other” could include
relatively rare elements

18000

13500

9000
4500
0
Solar PV Hydro Wind
Energy Source
ap
ENVIRONMENTAL
PROGRES are unable to be labeled on the graph.
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Geothermal

e ogie rch O rtunitie
Unlled smes Depanmem of Enefgy Nuclear and hydro requlm 10 tonnes/TWh and 1 lonne/TWh of other materials, respectively, but

Water Consumption

Wind: W Power Plant

On-shore and W Fuel Cycie

Off-shore B Operatons
- 1 rumuv«::lm

(1 = base case: | = variant)
1 Opecations Sub-categores

(Botom)
(1= base case | = voriant)

B Cement [ Concrete
Glass [l Steel
i Other

Solar

CSP: Power Tower

Nuclear and Geothermal
clear winners

Nuclear and Geothermal
amongst the highest

Nuclear

0 200 400 600 800 1000 1200

" Table 10. September 2015. Life-cycle water consumption (gal / MWh)

Notes: Not all cooling options are shown; for instance, more expensive, dry cooling (with zero water consumption and withdrawal)
is an option for most plants. Key: PV = solar photovoltaic; C-Si = crystalline silicon; EGS = enhanced geothermal system; CSP =
solar power; CT = turbine; CC = combined cycle; IGCC = integrated gasification combined cycle; and PC =

pulverized coal, sub-critical.



https://www.energy.gov/sites/prod/files/2017/03/f34/quadrennial-technology-review-2015_1.pdf

Nuclear has...real issues...

Vogtle 3 and 4

Previous reactor
start 1973

Georgia, USA

4.5 GW Power Output
Westinghouse AP1000 PWR

Original timeframe of 2017
slipped to 2025

Costs have risen from $14B to
$37B (over 2.6X)

we’ve lost lost a generation of experience

Previous reactor e
start 1988
——"\ )

RS = i 4R 2
Somerset, UK
3.2 GW Power Output

Framatome EPR1/50 PWR

Original timeframe of 2025 has
now slipped to 2029-31

Costs have risen from $12B to
$56B (over 4X)

Fun fact: where do all these reactors get their fuel from?
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Previous reactor

Flamanville 3

start 1991

Normandy, France

165 GW Power Output
Areva EPR1750 PWR

Original timeframe of 2012 has
now slipped to 2025

Costs have risen from $3.4B to
$19.6B (almost 6X)

TVEL fFrom Russia
rosatom with love ©

NO<IA

O


https://en.wikipedia.org/wiki/Watts_Bar_Nuclear_Plant
https://en.wikipedia.org/wiki/Nuclear_power_in_the_United_Kingdom#:~:text=Because%20of%20this%2C%20and%20a,since%20Sizewell%20B%20in%201995.
https://en.wikipedia.org/wiki/Civaux_Nuclear_Power_Plant

LINK: Nuclear energy and international relations: the

external strategy of Russia’s Rosatom

LINK: Russian nuclear energy diplomacy and its implications for energy

security in the context of the war in Ukraine

Does anybody still know how to build nuclear power stations?

In 2007 Vladimir Putin ordered
the total integration of >350
individual companies in the
Russian nuclear supply chain

If you approach the USA, France
or Korea — they can only help
with part of the solution

\ 4

Site planning
Finance
Project management
Personnel training
Operational support
Fuel supply
Waste management
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» &

»

ROSATOM

Example: Google working
with ElementL for nuclear
reactor projects

»

It's either "your problem” or you
have to work with “partners”

\ 4

Ready-made for time and budget
over-runs

Imagine you are an “unaligned”
country with no nuclear
experience, but a desire to
deploy clean energy

...nuclear seems complicated

But they still have a very
"Soviet” attitude towards
secrecy

A

Rosatom is a one-stop shop

o ‘wLéar
SIS

Not just for fuel

LINK: What caused a plume of radioactive

ruthenium in Europe in 20172

O

Site planning
Finance
Project management
Personnel training
Operational support
Fuel supply
Waste management


https://link.springer.com/article/10.1057/s41311-024-00618-0
https://link.springer.com/article/10.1057/s41311-024-00618-0
https://link.springer.com/article/10.1038/s41560-023-01228-5?fromPaywallRec=false
https://link.springer.com/article/10.1038/s41560-023-01228-5?fromPaywallRec=false
https://cen.acs.org/safety/industrial-safety/caused-plume-radioactive-ruthenium-Europe/97/web/2019/07
https://cen.acs.org/safety/industrial-safety/caused-plume-radioactive-ruthenium-Europe/97/web/2019/07

And others have huge ambitions

Link to artide

(- —

CHINA'S NUCLEAR POWER PROGRAM:

A BLUEPRINT FOR GLOBAL COMPETITIVENESS

57 Operational Reactors
28 under construction

Goal to build 150 new reactors by 2040
Replace all coal fired plants by 2060

Goal to sell 30 reactors to Belt and Road
partners by 2030

32 ©2025Nokia

22 Countries Pledge to Triple Nuclear
Capacity in Push to Cut Fossil Fuels

"":; € CROY e S

& Jr‘f' o

COP28 Nuclear Agreement

Lots of politica Little or no @

: o
celebration action

*Apart from Russia and China

NO<IA


https://www.nuclearbusiness-platform.com/media/insights/chinas-nuclear-power-program-a-blueprint-for-global-competitiveness#:~:text=China's%20Rapid%20Nuclear%20Expansion%20and%20Long%2DTerm%20Energy%20Goals&text=The%20government's%20commitment%20was%20reinforced,cities%20the%20size%20of%20Beijing.

What is a Small Modular Reactor? SourcelAEA The SMR Booklet 2022

The idea is to build SMRsin
1 factories on a production line

Power a city or Mega Data Center Reduce cost and time to build while

improving quality

Power atown or regular Data Center

Conventional €3 63

Nuclear Reactor
100 W16 Ov/ - —s—— ™

Small Modular
Nuclear Reactor
<700 MW

Small enough for co-location to

avoid grid connection delays
Micro Reactor L ‘
10 MW aﬁv = ﬁ

Power a factory or small Data Center

e If you need more power or
resilience, just deploy more SMRs
In a world of Gosh, | wonder if that's
w o " what's happening with
me_ed up SMRs in the real world
thinking you
would ...choose 1or 2 ...test them ...crank
designs... carefully... them out
- J
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https://www.iaea.org/newscenter/news/what-are-small-modular-reactors-smrs
https://aris.iaea.org/Publications/SMR_booklet_2022.pdf

OK...lots of Press Releases about
nuclear and geotherma

How are hyperscalers actually
getting power in a hurry?



The Colossus Data Center (Memphis, Tennessee)

$150M in incentives
including grants for
equipment purchases

The city of Memphis has Elect%I;i(ﬁz Electrolux close
almost 2X the US poverty opefns‘r . the facility
level acllitly
Link

- D
h h
ong hetony of s 8 MW 8 MW

pollution with the cancer

rate 4X national average Power feed from R@V\Aﬁmb ey... | Powerfeed from
MLGW, the local MLGW, the local
power company \power company )

NO<IA
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https://www.memphis.edu/socialwork/research/2024-poverty-fact-sheet-final.pdf

The Colossus Data Center (Memphis, Tennessee)

X

Electrolux close
the facility

8 MW

Power feed from
MLGW, the local
power company
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XAl chooses site
for Colossus

— 8 MW

Power feed from
MLGW, the local
power company

Colossus Phase 1is

100,000 H1 GPUs

150 MW power

Tennessee Power
Generation Mix June 2025

\

Where does

Tennessee's grid
power come from?

m Gas » Coal

®m Nuclear B Renewables

xAl commits to upgrade XAl files a permit request for 15
substation feed to 150 MW gas turbine generators, but

Meanwhile went ahead and deplo@

The county health department
only regulates gas-burning
generators if they are on-site
for more than 364 days

NO<IA


https://en.wikipedia.org/wiki/Colossus_(supercomputer)

2025: Colossus 2

XAl took a totally different approach

Northaven {'

N .. Benjestown
N Egypt

RALEIGH

Germ|
8Y
i/ o OAKHAVEN, -
& & ®g
M / wssTwoon/ Raines
513 CAPLEVILLE
CORO LAKI vm?im
TENNESSEE TENNESSEE
Lake View MISSISSIPPI m
(ﬂ anzznanook
{ Lynchburg
. Walls| Horn Lake k %l;v:\aran
. &

Bartlett

2,
': {1 &Y OUN
i SOUTH | \
Il‘l‘”ay i I B
orner ) & Oakville PARKWAY

ELMORE PARK
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Step 1: Buy a disused gas fired power
station site — for the transmission lines

Step 2: Buy site for Data Center near
to existing power station

Data center, power station and
former power station all very
close to each other

Step 3: Buy a decommissioned 2 GW
gas power station in Europe

Step 4: Disassemble and rebuild it in
Memphis on former power station site
with ready-made grid access

NO<IA


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

And xAl is not alone...

OpenAl ORACLE
B" Microsoft $75B Gor

@ Crusoe = SoftBank =
Google $758 All planning
g > > multi-GW data
centers

amazon $100B'
N’

UNOIS5008] w7

'Reported as total CapEx, not just DC -

City examples that can be
M *

powered with T GW Emmett Brown's Mk1 Flux
Dublin Southampton Capacitor not yet available, so...
Nice Liverpool
Islamabad
Amsterdam Forth Worth
Cologne Jacksonville = 9 - g
Oslo Austin —— - .
Cartagena San Jose -~ ‘

0 Stargatejiiisghuiding

*Assumes a population of around 1 million,
Source: Wikpea aiiRliGWIGasiBlant
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Posted by Mark
Zuckerberg, but
very exaggerated

OO Meta seos

* Hyperion Data Center
» 2250 acres in Louisiana
* 4 million square feet of buildings

SHOKRICHMAISIGIN
longerterm3alG

Partnering with 3 entergy

100-mile, 500kV transmission
project for $1.2B

3 x CCGS Plants = 2.25 GW

NO<IA


https://www.cnbc.com/2025/02/04/alphabet-expects-to-invest-about-75-billion-in-capex-in-2025.html
https://www.cnbc.com/2025/02/06/amazon-expects-to-spend-100-billion-on-capital-expenditures-in-2025.html
https://www.datacenterdynamics.com/en/news/microsoft-ai-data-center-80-billion/
https://techcrunch.com/2025/01/24/mark-zuckerberg-says-meta-will-have-1-3m-gpus-for-ai-by-year-end/

Can Natural Gas be
green?

In 2024 37% of natural gas Overall, the greenhouse gas
used inthe EU was LNG footprint for LNG as a fuel source is
33% greater than that for coal


https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934
https://www.euronews.com/my-europe/2025/07/03/the-eu-is-importing-more-lng-than-pipeline-gas-how-bad-is-for-the-climate
https://www.euronews.com/my-europe/2025/07/03/the-eu-is-importing-more-lng-than-pipeline-gas-how-bad-is-for-the-climate

Carbon Capture .

80%

95% or higher: Industry claims for CO, capture

Carbon capture and storage

Google backs US gas power plant with B
1. Natural gas burned carbon capture for Midwest data centers |
at power station 40% | ~50%
::{:::lri?je:or::;]QPM GMT+1- Updated Octaber 23, 2025 u Aa < 20% mﬂb::: | ‘\7.,,,; I. l
M * f:;:f.;c:éofifri b, L [E I l.
Other gases e, Petra Nova Bo;::ary Terrell (E‘L;l" i}:el; Gorgon c‘pr,‘::y Quest Aul:de Air Products [’.M( feyville  Enid PCS  Bona
2 i /‘Reuters | ink L. R
. Carbon dioxide
T l m( S oy Power Plants Natural Gas ing {ydrogen Prodi i Fertilizer Ethanol Steel
e NoTh > Survey of 19 CCS projects (about half of operational facilities)
\ > . No project has achieved >80% capture and most are around 50%
Link
Source: BBC research [8]56]c]
It would appear that, after >50 years of CSS
« CCS history dates back to 19205 : PP : ‘ y
+ 30 operational CCS projects worldwide there is no project around the world that has

* 24 are associated with oil or gas extraction
» CO2 is used to enhance production
* Regulation is “patchy” around the world so it's not

lear how long the CO2 remains captured in most . " .
o OTE e e TEmA: caprirec i mos Experts point out that it's far easier not to

Norway's Sleipner* and Snehvit CCS: generate the CO, in the first place than to
Industry models or cautionary tales?  Link generate and capture (permanently)

*1997 - first CCS praject for purely environmental reasons
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achieved its initial objectives



https://ieefa.org/sites/default/files/2023-06/Norway%E2%80%99s%20Sleipner%20and%20Sn%C3%B8hvit%20CCS-%20Industry%20models%20or%20cautionary%20tales.pdf
https://www.bbc.co.uk/news/science-environment-64723497
https://ieefa.org/ccs
https://www.reuters.com/sustainability/boards-policy-regulation/google-backs-us-gas-power-plant-with-carbon-capture-midwest-data-centers-2025-10-23/

amazon ¥j Google

um
B N oracLe
Microsol it Meta

Isn't this great?

Al provides massive
productivity boost

4

Need better Al

»

Huzzah for us! b
amazon ¥| Google Jobs
B N oracLe
Meta

But we all lose our] »

Microsoft

Once in a lifetime Al
opportunity

» »

them

[ Absolute ] [ Relative ] [ ]
What's happening today

[ 47
4 @@ Butrenewablesarent
£ v gz a great fit for Al Data

ENERGY
(@i a Centers

"Better” means more
processing power

Some of ks

/

Bwahahah! Let's go
to Mars!

al
4

Which implies more
electrical power

Pesky corporate

We were only kidding — carry on
sustainability goals!

burning that coal and gas!

Consequences

amazon M| Google
B N oracLe

Microsoft ~ Meta

Wait...who buys all
our stuff?

"Animbalance between rich and

poor is the oldest and most fatal
ailment of all republics.”

Plutarch
CE46-120

Nuclear seems like a
great option

»

But we forgot how
to build nuclear
stuff!

Bwahaha! We still know
how, comrade!

>80% of solar panels
are made in China

>70% EV batteries are
made in China

' You guys are

losers!










Slides | have used to answer questions about nuclea power

Please remember | am not a total fan of nuclear. There are many genuine issues to be addressed about the cost of large scale
nuclear, and the immaturity of SMRs. In discussions with people (and | used to be one of them) who have accepted the views
presented in the mainstream media | feel that we can be distracted by “nuclear problems” that really aren't problems at
all..but that we are told are “show-stoppers”.

When influential political groups in certain countries fall into this trap they make bad decisions. So...

If you have long-held feelings along the lines of...

* Nuclear power is too dangerous and we should be closing it down in favour of renewables

* If we were to scale up nuclear power we don't have enough uranium on the planet

* After decades of nuclear power generation we still have no long-term solution to the problem of nuclear waste

..then Id like to present some alternative evidence.

 The dangers of other types of industrial accidents. Getting back to a real perspective.
* How many people have died in nuclear accidents?
* What do we do with nuclear waste?
* s there enough nuclear fuel?
+ Option 1: if we stick with uranium
* Option 2: if we add thorium as a fuel source
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Industrial Accidents over 10X More Deadly than Chernobyl

India 1961 Italy 1963 China 1975 India 1984
Tigra Dam failed Vajont Dam overflow in Bangiao Dam failed in Bhopal chemical leak
N.Italy China
>1,000 deaths 1,917 deaths 250,000 deaths 8k-16k deaths
Bangladesh 1984 France 1906 Gambia 2002 Australia 1940-66

Rana Plaza collapse in

Courrieres mine

MV Le Joola capsized

Wittennoom asbestos

Dhaka disaster mine disaster
1,129 deaths 1,099 deaths 1,863 deaths >2,000 deaths
Manchuko (China) 1942 Philippines 1987 China 1949 Red Sea 1991
Bengxihu colliery Tablas strait ship SS Taiping collision and MV Salem Express
disaster disaster sinking sinking
1,549 deaths >4,386 deaths 1,500 deaths 1,600 deaths (est)
Libya 2023 India 1961 Atlantic 1912 London 1952

Derna dam collapse

11,300 deaths

Panchet dam failure

1,000 deaths

RMS Titanic

1,500 deaths

Great Smog of London
12,000 deaths

© 2025 Nokia
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Is Nuclear Power Dangerous?

Cumulative Reactor Years of Operation “

Ve
Fukushima

Chernobyl

Three Mile Island

Reactor Years of Operation (x1000)

1960

Following the Fukushima
accident in 2011 German
leaders committed to
phasing out nuclear power

by 2022/23

But they had to extend the

use of coal, and buy
Russian gas

J/

1970

1980 1990 2000 2010 2020

Number of deaths from the 3 major nuclear accidents
*Higher estimates exist, but are highly disputed

D

Forbes

EDITORS' PICK | EUSINESS > ENERGY

Greta Thunberg Has Embraced Nuclear Power:
Will The Greens Follow?

By Ariel Cohen, Contributor. Ariel Cahen is a D.C.-based contributor who covers ..+

$12B

Annual social cost of
reactor closures

I\ DAY |ink to article

Link to article

Apr 03, 2023, 0%-:00am EDT

1100

The number of incremental
deaths per year in
Germany from air pollution
caused by coal and gas

\ J/

"“We calculate a mean value of 1.84 million

-
Organizations arguing that nuclear power is dangerous

CAN Myth buster. Nuclear energy | ngert istraction

Eurape

9]

Friends of
the Earth

casenresce D reasons why nudear energy is not the way

5

United States

to a green and peaceful world
In the UK, 6,000 people die each year in home accidents
\
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Link to paper

\ human deaths prevented by world nuclear
power production from 1971 to 2009”

COURMMMEII

Prevented Mortality and Greenhouse Gas Emissions from Historical
and Projected Nuclear Power
Pushker A. Kharecha™ and James E. Hansen

NASA Goddard Institute for Space Studies and Columbia University Earth Institute, 2880 Broadway, New York, New York 10025,

NO<IA


https://caneurope.org/myth-buster-nuclear-energy/
https://foe.org/blog/is-nuclear-power-bad-for-the-environment/
https://www.greenpeace.org/international/story/52758/reasons-why-nuclear-energy-not-way-green-and-peaceful-world/
https://www.greenpeace.org/international/story/52758/reasons-why-nuclear-energy-not-way-green-and-peaceful-world/
https://www.forbes.com/sites/arielcohen/2023/04/03/greta-thunberg-has-embraced-nuclear-power-will-the-greens-follow/
https://olivierdeschenes.weebly.com/uploads/1/3/5/0/135068654/private-and-external-costs-of-germanys-nuclear-phase-out.pdf
https://pubs.giss.nasa.gov/abs/kh05000e.html#:~:text=Using%20historical%20production%20data%2C%20we,resulted%20from%20fossil%20fuel%20burning.

Nuclear Waste: It’s a choice, not an inevitability

Nuclear waste is highly regulated and is the easiest

. form of industrial waste to detect and measure
All of the high level waste produced 70

years of global commercial nuclear
power fit into a space the size of a
football stadium piled 14 feet deep

AT
=Ai--==-

l’liiiﬂ!l'w.

Note: Always show nuclear waste in
corroding barrels, preferably with
glowing green ooze leaking out

Reprocess the >95% of
useable nuclear fuel in
‘spent” fuel rods

Use a fast neutron
reactor to process
new fuel during

normal operation

About 20 FNRs operating

Store |t as glass in geolog|cally ince the 1950
since the S

. stable repositories
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https://en.wikipedia.org/wiki/Onkalo_spent_nuclear_fuel_repository
https://en.wikipedia.org/wiki/Onkalo_spent_nuclear_fuel_repository
https://en.wikipedia.org/wiki/Onkalo_spent_nuclear_fuel_repository
https://world-nuclear.org/information-library/current-and-future-generation/fast-neutron-reactors
https://world-nuclear.org/information-library/current-and-future-generation/fast-neutron-reactors
https://www.iaea.org/publications/magazines/bulletin/60-2

Nuclear Waste — Why do | say it’s a choice?

Most operating Must be refuelled Fuel rods become
reactors are solid every 18-24 high level nuclear Reprocess the fuel
fuel months WENE

France & Russia
leading the way
Switch to liquid Change to here
fuel reactors Thorium

Fuel rods stay Use them as fuel
radioactive for in Fast Breeder
over 100k years reactor

These are still Th has too many
experimental advantages to list

High level Th waste
is safe after only 300
years

China is leading
the way here

Put them into long
term storage
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Everyone else..it's
cheaper to mine new
Uranium

Not the “usual”
type of reactor

NO<IA



The Uranium Fuel Cycle

Plutonium is created inside the
reactor and accounts for about
1/3 of the energy produced

Uranium Plutonium

Element 92 Element 94

235 (4%)

Thermal
neutron

Thermal

neutron
"Depleted

uranium”
Pu
(3%)
Pu 235y U
(1%) (1%) (93%)

[ 65% fissile Puto MOX Reprocessed U for recyle ]

If we recycle spent fuel

Fission

products (5%)
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How Much Uranium Do
We Have?

Option 1

“Crust Uranium, no recycling”

50-100 years

Option 2
"Recycle high level waste”

100-200 years

Option 3
“Fast Breeder Reactors”

>20,000 years

Option 4
"Seawater Extraction”

>100,000 years

NO<IA




Thorium — The New Nuclear Option
Why are some people getting excited about this fuel option?

£}

Here it is! A ball of thorium about the size of a golf
Element 9@ e pall would deliver all the power you

What is thorium?
need for your entire life

It's "everywhere”
Australia, Canada, USA,

China has at least

About 4X more

100% of thorium is
the fuel we need

0.7% of uranium is

Abundance

Safe reactor
design

Less nuclear
waste

“Better” nuclear
waste
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abundant than
uranium

the fuel we need
(U235)

(Th232)

China, India, S.America,
Europe, Africa

20,000 years supply
of thorium

Thorium Molten
Salt Reactor

The most interesting design

Atmospheric
pressure

(vs 300 atm for PWRs)

"Walk-away" safe

Cannot go bang or melt down
— it's already molten

Very, very difficult
to make bombs

Never say never — evil people
are devious

Liquid fuel —
continuous
reprocessing

Higher temperatures
— less waste per
GWhr

We can actually use
existing waste as
extra fuel

[t's a different element, so has a different set of
waste isotopes
Dangerous for 300 years vs 100,000 years

Many of the isotopes in the thorium waste stream can be

used for medical applications

NO<IA




But if thorium is so good...why aren’t we using it already?

Hmmm...a long, complex and rather sad story of lost opportunities

D

1956-64

Wikipedia: Crazy ideas - Nuclear

powered bombers

1964

Wikipedia: MSRE (Molten Salt Reactor

Experiment) at Oak Ridge National Laborator

A compact, lightweight, high
temperature reactor design

)

1964-69: 5 years of
successful and safe
operation

Perfect for a lunar base

»

£ A
A8 Q

Project was led by
Alvin Weinberg

All goals achieved — so
why was the project
terminated?

p
Uranium reactors

were already
making energy
and bomb
material

~N

.

There was a
competing research
project — the LMFBR
— that was seen as

"more promising”

a .
More promising

J
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.

also meant “more
geographically
diverse” — more
distribution of

political funding )

Vs

The nuclear bomber
and lunar base were
both cancelled

~N

As the US nuclear industry

became more regulated,

everything was focused on
solid fuel, uranium reactors

NO<IA



https://en.wikipedia.org/wiki/Aircraft_Nuclear_Propulsion
https://en.wikipedia.org/wiki/Aircraft_Nuclear_Propulsion
https://en.wikipedia.org/wiki/Aircraft_Nuclear_Propulsion
https://en.wikipedia.org/wiki/Aircraft_Nuclear_Propulsion
https://en.wikipedia.org/wiki/Molten-Salt_Reactor_Experiment
https://en.wikipedia.org/wiki/Molten-Salt_Reactor_Experiment
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