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Super 
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Global Average Temperature
(compared to the average 1850-1900)
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Global fossil CO2 emissions: 37.8 ± 2 GtCO2 in 2024, 69% over 1990
  Projection for 2025: 38.1 ± 2 GtCO2, 1.1% [0.2% to +2.2%] higher than 2024

The 2025 projection is based on preliminary data and modelling. The global total includes a cement carbonation sink of 0.8 GtCO2.
Source: Friedlingstein et al 2025; Global Carbon Project 2025

Global Fossil CO2 Emissions

Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/
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Fossil CO2 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.

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

Global Fossil CO2 Emissions

https://doi.org/10.18160/GCP-2025
http://www.globalcarbonproject.org/carbonbudget/
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Vigorous Mitigation and Adaptation



Overshoot is a paradigm shift 

10

Expert eliciation conference participants on optimistic 
and pessimistic climate overshoot scenarios 



Outgoing and New Group of Chief Advisors

Group of 
Chief 

Scientific 
Advisors



12 

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. 
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Transformational Change 
Dynamic, Cumulative, Systemic and Uncertain

 Incremental – gradual (continuous)       
and cumulative improvements

 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]

Stockton - Darlington Railway
 27 September1825 

Newcomen Atmospheric 
Engine, 1712
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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.

 Sailing-Ship Effect: Incumbents 
improve old technologies to delay 
adoption of new ones.

 Lock-In and Path Dependence: 
Systems become “locked in” due to 
infrastructure, skills, routines, values, 
and norms.
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UK – Disruptive Change and Tipping
Vehicle Fleets

Darum geht zu allen Völkern […] und lehrt sie alles 
zu befolgen was ich Euch geboten habe. 
Seid gewiss: Ich bin bei euch alle Tage bis ans 
Ende der Welt.

Source: Campanale, Carobntracker
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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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						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
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			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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Possible Transformational Technologies?
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NET 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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Source: Modi, 2011 and Yumkella, 2013

Wood for Cooking and Phone Charging
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Deep Transformation – Dignity & Sufficiency



Current global climate goals are 
insufficient to deliver real-zero by 2050

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

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

 Given the urgency of climate and sustainable 
development goals, national strategies should 
aim to exceed the global targets.

Source: Bento, Grubler and Nakicenovic, Science 2026



too much: 2% (100 Million)
above 300 GJ

Source: Bento, Grubler and Nakicenovic, Science, 2026

too little: 46-50% 
(2.8-3 Billion) below 
15-18 GJ (min for DLS)

Too much for so few
and so little for so many
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wellbeing

service provision 
(consumption)

Basic Access

Decent and 
Dignified Living Sufficiency corridor

Overconsumption
and Waste
(Redistribution
 and Limitarianism)

Deep Transformation – Decent Living & Sufficiency

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

→ Enough of Everything but not too Much!



Disruptive End-User Innovations

Source: Wilson et al., 2022

 Ownership to 
usership

 Sharing 
economy

 Automized to 
connected



2026  #32 Nakicenovic Source: IEA 2025

Global map of large data center clusters 
2024
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1850 19501900 2000 2050

Source:  After Granger Morgan, 2013

Transformational Change and Systems Tipping



ありがとう!

naki@iiasa.ac.at
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