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Global Average Temperature
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GLOBAL' CARBON
project

Global Fossil CO, Emissions

o
TWI2050-;‘ E)
The Warld in 20650 48%

Global fossil CO, emissions: 37.8 + 2 GtCO, in 2024, 69% over 1990

® Projection for 2025: 38.1 + 2 GtCO,, 1.1% [0.2% to +2.2%] higher than 2024
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Global Fossil CO, Emissions
2015-24
+0.8%/yr

Projection 2025

38.1 Gt CO,
A 1.1% (0.2% 10 2.2%)

K COVID-19
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Source: Friedlingstein et al 2025; Global Carbon Project 2025

Uncertainty is 5% for
one standard deviation
(IPCC “likely” range)

The 2025 projection is based on preliminary data and modelling. The global total includes a cement carbonation sink of 0.8 GtCO,.
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Global Fossil CO, Emissions

project

Fossil CO, emissions growth is from different regions in 2025 compared to 2024:
The USA rising, and EU27 flat, reversing recent declines. China flat, India low growth, contrasting recent strong growth.

Projected Gt CO5 in 2025

Annual Fossil CO, Emissions
Rest of World 13.7

Projected global emissions growth: +1.1% (+0.2% to +2.2%)
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The 2025 projections are based on preliminary data and modelling.
‘Bunkers’ are fossil fuels used for international shipping and aviation
Source: Friedlingstein et al 2025; Global Carbon Project 2025 2026 #8
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Global Average Temperature
Climate Restoration: Repair or Despair!
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Overshoot is a paradigm shift v
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« Overshoot conference Aggregate Projection
series to be continued in
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Scientific Advice Mechanism
to the European Commission

Outgoing and New Group of Chief Advisors
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Scientific Advice Mechanism Recommendation 1

Prioritise reducing GHG emissions as the main solution to avoid dangerous
levels of climate change.

The EGD, FIT for 55, 90% reductions by 2040 and net-zero by 2050 are the best goals

1.1 Continue to treat emissions reductions and adaptation to climate change as
the highest priority in reaching net zero by mid-century and minimize
“overshoot” and its adverse effects

< Efficiency improvements and substitution of fossil through carbon-free energy
sources

< Mitigation of land-use emissions and enhancing sinks (nature-based solutions)
< Carbon removal from fossil fuels (CCS)
< Carbon dioxide removal from the atmosphere (CDR)

1.2 Continue to actively and vigorously invest in research on and deployment of
climate mitigation and adaptation.




Transformational Change
Dynamic, Cumulative, Systemic and Uncertain

Stockton - Darlington Railway
27 September1825

< Incremental — gradual (continuous)
and cumulative improvements A L R M =y

< Abrupt — radical, discontinuous and
disruptive as “gales of creative

destruction”

< Add as many mail-coaches as you
please, you will never get a railroad by so
doing. [Schumpeter, 1935/1951, 136]
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Resistance to Niche Innovations
Against Railways in 1838

< Resistance to Change: Arises from
uncertainty, disruption of livelihoods,
or perceived threats to identity and
status.
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Sailing-Ship Effect: Incumbents

S improve old technologies to delay
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UK — Disruptive Change and Tipping

Easter Parade on Fifth Avenue, New York, 13 years apart

1900: where’s the car? 1913: where’s the horse?
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Uncertainty of Transformational Change

< Future characteristics (e.g. costs) not a function
of time, but dependent on intervening actions
(R&D and investments)

< Improvements through accumulation of
experience (learning + knowledge appreciation)

< Interactive rather than linear model: Learning by
doing and using; supply push and demand pull
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Nuclear Reactors France 1977-2000
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$0.25/Wp in today
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Deep Uncertainties and Tipping 

Learning rates (push) and market growth (pull)



*









Chart1


			0			0			0			0			0			0			0			0			0


			1.2			1			1			1			1			1			1			1			1


			2.3			2			2			2			2			2			2			2			1.7


			3.2			3			3			3			3			3			3			3			2.8


			4.5			4			4			4			4			4			4			4			3.4


			6.1			5			5			5			5			5			5			5			3.6


			7.4			6			6			6			6			6			6			6			3.8


			8.6			7			7			7			7			7			7			7			4.2


			9.6			8			8			8			8			8			8			8			4.4


			10.3			9			9			9			9			9			9			9			4.6


			10.8			10			10			10			10			10			10			10			4.7


			11.2			11			11			11			11			11			11			11			4.8


			11.6			12			12			12			12			12			12			12			4.8


			11.8			13			13			13			13			13			13			13			4.9


			12.1			14			14			14			14			14			14			14			5


			12.4			15			15			15			15			15			15			15			5


			12.6			16			16			16			16			16			16			16			5.05


			12.8			17			17			17			17			17			17			17			5.05


			12.9			18			18			18			18			18			18			18			5.05


			13			19			19			19			19			19			19			19			5.1


						20			20			20						20			20			20			5.15


																											5.15


																											5.15


																											5.2





Nuclear Reactors France 1977-2000


PVs Japan 
1976-1995


0.1%


0.1%


50% interval


90% interval


mean learning rate
(115 case studies):
-20% per doubling


PVs Japan


0.10%


5%


25%


mean


25%


5%


0.10%


nuclear France


Number of doublings (installed capacity)


Cost index ($/kW)


1


1


1


1


1


1


1


1


1


0.7939985311


1.02


0.9


0.85


0.8


0.75


0.7


0.58


0.943283035


0.6317029871


1.0404


0.81


0.7225


0.64


0.5625


0.49


0.3364


0.9538207239


0.4443957204


1.061208


0.729


0.614125


0.512


0.421875


0.343


0.195112


0.9786871616


0.3010166795


1.08243216


0.6561


0.52200625


0.4096


0.31640625


0.2401


0.11316496


1.0056922387


0.2072950712


1.1040808032


0.59049


0.4437053125


0.32768


0.2373046875


0.16807


0.0656356768


1.0267401355


0.1199363451


1.1261624193


0.531441


0.3771495156


0.262144


0.1779785156


0.117649


0.0380686925


1.0322803406


0.0998862612


1.1486856676


0.4782969


0.3205770883


0.2097152


0.1334838867


0.0823543


0.0220798417


1.013485743


0.0843673932


1.171659381


0.43046721


0.272490525


0.16777216


0.100112915


0.05764801


0.0128063082


1.0201138504


0.0736888904


1.1950925686


0.387420489


0.2316169463


0.134217728


0.0750846863


0.040353607


0.0074276587


1.0197637889


0.0647074919


1.21899442


0.3486784401


0.1968744043


0.1073741824


0.0563135147


0.0282475249


0.0043080421


1.0366922856


0.0585772708


1.2433743084


0.3138105961


0.1673432437


0.0858993459


0.042235136


0.0197732674


0.0024986644


1.057244453


0.0528235771


1.2682417946


0.2824295365


0.1422417571


0.0687194767


0.031676352


0.0138412872


0.0014492254


1.0780936346


0.0461999315


1.2936066305


0.2541865828


0.1209054936


0.0549755814


0.023757264


0.009688901


0.0008405507


1.0877926203


0.0423097046


1.3194787631


0.2287679245


0.1027696695


0.0439804651


0.017817948


0.0067822307


0.0004875194


1.1254442468


0.0423097046


1.3458683383


0.2058911321


0.0873542191


0.0351843721


0.013363461


0.0047475615


0.0002827613


1.1551599049


0.0405657342


1.3727857051


0.1853020189


0.0742510862


0.0281474977


0.0100225958


0.0033232931


0.0001640015


1.1801842945


0.0407622379


1.4002414192


0.166771817


0.0631134233


0.0225179981


0.0075169468


0.0023263051


0.0000951209


1.1941231676


0.0407622379


1.4282462476


0.1500946353


0.0536464098


0.0180143985


0.0056377101


0.0016284136


0.0000551701


1.198388067


0.0394051342


1.4568111725


0.1350851718


0.0455994483


0.0144115188


0.0042282826


0.0011398895


0.0000319987


1.193200101


1.485947396


0.1215766546


0.0387595311


0.0031712119


0.0007979227


0.0000185592


1.1996125069


1.2318526959


1.2539763868


1.2742904604





calc


			PV-J									0.10%						5%						25%						mean						25%						5%						0.10%


			cost			cumdoubling						LR=-2%						LR=10%						LR=15%						LR=20%						LR=25%						LR=30%						LR=42%


			1			0.0						1			0			1			0			1			0			1			0			1			0			1			0			1			0


			0.7939829291									1.02			1			0.9			1			0.85			1			0.8			1			0.75			1			0.7			1			0.58			1


			0.6316905741									1.0404			2			0.81			2			0.7225			2			0.64			2			0.5625			2			0.49			2			0.3364			2


			0.444386988									1.061208			3			0.729			3			0.614125			3			0.512			3			0.421875			3			0.343			3			0.195112			3


			0.3010107645									1.08243216			4			0.6561			4			0.52200625			4			0.4096			4			0.31640625			4			0.2401			4			0.11316496			4


			0.2072909979									1.1040808032			5			0.59049			5			0.4437053125			5			0.32768			5			0.2373046875			5			0.16807			5			0.0656356768			5


			0.1199339883									1.1261624193			6			0.531441			6			0.3771495156			6			0.262144			6			0.1779785156			6			0.117649			6			0.0380686925			6


			0.0998842984									1.1486856676			7			0.4782969			7			0.3205770883			7			0.2097152			7			0.1334838867			7			0.0823543			7			0.0220798417			7


			0.0843657353									1.171659381			8			0.43046721			8			0.272490525			8			0.16777216			8			0.100112915			8			0.05764801			8			0.0128063082			8


			0.0736874424									1.1950925686			9			0.387420489			9			0.2316169463			9			0.134217728			9			0.0750846863			9			0.040353607			9			0.0074276587			9


			0.0647062204									1.21899442			10			0.3486784401			10			0.1968744043			10			0.1073741824			10			0.0563135147			10			0.0282475249			10			0.0043080421			10


			0.0585761197									1.2433743084			11			0.3138105961			11			0.1673432437			11			0.0858993459			11			0.042235136			11			0.0197732674			11			0.0024986644			11


			0.0528225391									1.2682417946			12			0.2824295365			12			0.1422417571			12			0.0687194767			12			0.031676352			12			0.0138412872			12			0.0014492254			12


			0.0461990236									1.2936066305			13			0.2541865828			13			0.1209054936			13			0.0549755814			13			0.023757264			13			0.009688901			13			0.0008405507			13


			0.0423088732									1.3194787631			14			0.2287679245			14			0.1027696695			14			0.0439804651			14			0.017817948			14			0.0067822307			14			0.0004875194			14


			0.0423088732									1.3458683383			15			0.2058911321			15			0.0873542191			15			0.0351843721			15			0.013363461			15			0.0047475615			15			0.0002827613			15


			0.0405649371									1.3727857051			16			0.1853020189			16			0.0742510862			16			0.0281474977			16			0.0100225958			16			0.0033232931			16			0.0001640015			16


			0.0407614369									1.4002414192			17			0.166771817			17			0.0631134233			17			0.0225179981			17			0.0075169468			17			0.0023263051			17			0.0000951209			17


			0.0407614369									1.4282462476			18			0.1500946353			18			0.0536464098			18			0.0180143985			18			0.0056377101			18			0.0016284136			18			0.0000551701			18


			0.0394043598									1.4568111725			19			0.1350851718			19			0.0455994483			19			0.0144115188			19			0.0042282826			19			0.0011398895			19			0.0000319987			19


												1.485947396			20			0.1215766546			20			0.0387595311			20			0.011529215			20			0.0031712119			20			0.0007979227			20			0.0000185592			20








pv


						cost			cost			sales			cum sales			multiplier			doubling


			year			Y85/W			index			kW			MW						(rounded)


			1973			30000						0


			1974			25940.337						0


			1975			20992.366						0															variant-refused!


			1976			16284.68			1			22			0.022			1			0


			1977			12930.012			0.7939985311			27			0.049			2.2272727273			1.2


			1978			10287.081			0.6317029871			59			0.108			4.9090909091			2.3


			1979			7236.8421			0.4443957204			86			0.194			8.8181818182			3.2						1			0


			1980			4901.9603			0.3010166795			291			0.485			22.0454545455			4.5						0.6773613612			1.3


			1981			3375.7339			0.2072950712			1024			1.509			68.5909090909			6.1						0.4664647548			2.9


			1982			1953.125			0.1199363451			2123			3.632			165.0909090909			7.4						0.269886194			4.2


			1983			1626.6158			0.0998862612			4826			8.458			384.4545454545			8.6						0.2247685875			5.4


			1984			1373.896			0.0843673932			8900			17.358			789			9.6						0.189847328			6.4


			1985			1200			0.0736888904			10300			27.658			1257.1818181818			10.3						0.1658180776			7.1


			1986			1053.7408			0.0647074919			12600			40.258			1829.9090909091			10.8						0.1456077281			7.6


			1987			953.91211			0.0585772708			13200			53.458			2429.9090909091			11.2						0.1318132269			8


			1988			860.21505			0.0528235771			12800			66.258			3011.7272727273			11.6						0.1188660049			8.4


			1989			752.3511			0.0461999315			14200			80.458			3657.1818181818			11.8						0.1039611776			8.6


			1990			689			0.0423097046			16800			97.258			4420.8181818182			12.1						0.0952072129			8.9


			1991			689			0.0423097046			19800			117.058			5320.8181818182			12.4						0.0952072129			9.2


			1992			660.6			0.0405657342			18800			135.858			6175.3636363636			12.6						0.0912828517			9.4


			1993			663.8			0.0407622379			16700			152.558			6934.4545454545			12.8						0.0917250333			9.6


			1994			663.8			0.0407622379			16500			169.058			7684.4545454545			12.9						0.0917250333			9.7


			1995			641.7			0.0394051342			17400			186.458			8475.3636363636			13						0.088671217			9.8








nuc


			1970			FF/kWactual			Gwinstalled


			1971


			1972


			1973			36737.3591696867


			1974			19484.6148415596


			1975			15606.092542913


			1976			10751.483170025						cost index			doubling			multiplier


			1977			8293.1421745777			1.8			1			0			1


			1978			7822.7801552337			3.7			0.943283035			1			2.0555555556


			1979			7910.1707057387			5.6			0.9538207239			1.7			3.1111111111


			1980			8116.391604925			13.2			0.9786871616			2.8			7.3333333333


			1981			8340.348544218			19.8			1.0056922387			3.4			11


			1982			8514.9017410719			21.7			1.0267401355			3.6			12.0555555556


			1983			8560.8474481037			25.5			1.0322803406			3.8			14.1666666667


			1984			8404.9811814119			32.1			1.013485743			4.2			17.8333333333


			1985			8459.9490175028			37.2			1.0201138504			4.4			20.6666666667


			1986			8457.0459081537			43.7			1.0197637889			4.6			24.2777777778


			1987			8597.4363349539			48.7			1.0366922856			4.7			27.0555555556


			1988			8767.8783772226			51.4			1.057244453			4.8			28.5555555556


			1989			8940.7836014337			51.4			1.0780936346			4.8			28.5555555556


			1990			9021.218666878			55.5			1.0877926203			4.9			30.8333333333


			1991			9333.4689519331			56.9			1.1254442468			5			31.6111111111


			1992			9579.9051237914			58.3			1.1551599049			5			32.3888888889


			1993			9787.4359402415			59.6			1.1801842945			5.05			33.1111111111


			1994			9903.032994519			59.6			1.1941231676			5.05			33.1111111111


			1995			9938.4024109237			59.6			1.198388067			5.05			33.1111111111


			1996			9895.3778717042			61.2			1.193200101			5.1			34


			1997			9948.5568647666			64.2			1.1996125069			5.15			35.6666666667


			1998			10215.9293299091			64.2			1.2318526959			5.15			35.6666666667


			1999			10399.4042402745			64.2			1.2539763868			5.15			35.6666666667


			2000			10567.8717377402			65.7			1.2742904604			5.2			36.5
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Costs continue to fall 2010-2024

Competitiveness of renewable power offers a compelling business and investment case
to triple renewables by 2030
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Global clean-tech factory investment happens mainly in China

$ billion ' Risk-adjusted outlook
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Source: BloombergNEF, Energy Transition Investment Trends 2025
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Possible Transformational Technologies?
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(JNET POWER Breaks Ground on Demonstration Plant for Oxyfuel,
Nantural Gas ZEP, La Porte, Texas

50MWth test facility built in 2018, has performed over 1,600 operational hours and
successfully synchronized with grid in 2021.
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Wood for Cooking and Phone Charging
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Deep Transformation — Dignity & Sufficiency
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Current global climate goals are RiTe [
insufficient to deliver real-zero by 2050 ™

2 They overlook a critical and underutilized lever of
action: energy demand side

2 Crucial trends are either insufficient (efficiency)
or not included in the goals (electrification,
excessive consumption)

2 Given the urgency of climate and sustainable
development goals, national strategies should

Im to exceed the global targets.
Source: Bento, Grubler and Nakicenovic, Science 2026



Too much for so few RiTe | g
and so little for so many
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Cumulative population (log scale) a too little: 46-50%
too much: 2% (100 Million) (2.8-3 Billion) below

above 300 GJ 15-18 GJ (min for DLS)
Source: Bento, Grubler and Nakicenovic, Science, 2026



Cumulative Consumption

Global Lorenz Distributions
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Global Lorenz Distributions RiTe | g 9
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Global Lorenz Distributions e g
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Deep Transformation — Decent Living & Sufficiency

— Enough of Everything but not too Much!
A

service provision

consumption i
( ption) Overconsumption

and Waste
(Redistribution
and Limitarianisn

Decent and
Dignified Living

Basic Access

— New values and norms; new morality and ethics wellbeing
for a just, safe and beautiful future for all

Nakicenovic 2026 #30
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Disruptive End-User Innovations

e-bikes ‘taxi-bus’ ride-share car-share bike-share Maa$sS VR & tele-
presence

®(la
P2P P2P internet smart pre-fab smart
goods homes of things appliances retrofits homes
£ w N Y D

PV + P2P vehicle- disagg. time-of-use demand -energy

storage electricity to-grid feedback pricing response  Service co.s

Source: Wilson et al., 2022
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Global map of large data center clusters
2024
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The Map of
Artificial
Intelligence
Ethical Issues

Al as agents

Al as subjects

V<12 ,
wi2050= =

S0t Nakicenovic

—

Short Term

Structural unemployment

Fairness in algorithms

Machine ethics

Proliferation of autonomous
weapons

Legal status of autonomous
systems

Suffering in reinforcement
learners

Long Term

Finalizing human values for
machines to propagate

Status of humanity in a world
dominated by artificial agents

Controlling artificial general

intelligence and creating friendly
superintelligence

Consciousness in artificial
intelligence

Well-being of Als

Moral status of mind uploads

Source: Gartner, 2017
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Transformational Change and Systems Tipping
1850 1900 1950 2000 2050

TWI2050% e

unmsiess | Source: After Granger Morgan, 2026 #34
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