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Mitigation or Adaptation?

An Ethical Paradox for Climate Finance



Carbon budget constraints for 1.5°C

Z.ero Sum Game for Limited Emissions Space
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No Roadmap for tansition away from  fossil fuels

By end of 2025, remaining carbon budget to
limit global warming to 1.5°C: 170 GtCO,;
In 2025, total global fossil CO, emissions to
38.1GtCO,

At the annual rate of emissions, 4 years to
use up

Land use emissions 5.03 GtCO,/a over the
years between 2015 - 2025

Global Carbon Budget 2025



Paradoxical climate ethics: climate security or carbon equity?
Climate actions should reject misleading narratives and misperceptions of carbon ethics

Carbon Equity: total vs. per capita; current vs. future

® Climate Finance: a paradoxical choice. ozt Toss  Tooso  Toouoaons
Under a give budget constraint, more on losses & population(m) |m 340 357 374 1100
damages, less on zero carbon transition. In the Us fowlemissions  Mico, | 4521 4447 4127 913
longer run, more losses & damages. per capita emissions tCO,/c 13.3 125 11.00 83.0

® Carbon Equity: a paradoxical ethical populefontr) " b I I
) EU  totalemissions Mo, | 2385 1643 995  41.7
doctrine. the poor for equal emission rights, the oer capita emissions | 1CO,/d 5.3 3.8 24 445
rich cut emissions. Then, more emissions, less el m 1494 1884 2434 1629
chance for 1.5° C. More losses & damages. Africa totalemissions  Mtco2 | 1460 1658 2244  153.7

® Externality dilemma: spacial and temporal per capita emissions | tCO/c 1.0, 0.9 0.9 943
mismatches of cost & benefits. Populationtm) | 1415 1369 1256 883

China [total emissions MtCo, 12660 11997 9256 73.1

per capita emissions | tCO,/c 8.9 8.8 7.4 82.4

DeadIOCked: ﬁghtlng fOr Carb()n population(m) . 1441 1568 1669  115.8
India |total emissions MtCO, 3113 3883 4995 160.5

eqUity, nO Way OUt, and nO per capita emissions | tCO,/c 2.2 2.5 3.0 138.5

a Includes industrial process and flaring emissions.

L] L]
' b. projections under current policies
C lma e S e Curl y ° Source: IEA, World Energy Outlook 2025. p. 444 & P.449




Climate Finance: By 2035, $1.3 trillion/a, public and

private; $300billion/a, public finance. Ambitious targets, yet

merely pie in the sky. Mere words will not fill a bushel. What is more,
such empty pledges are being retracted.

Belém Adaptation Indicators: sy 2035, triple

adaptation finance; Global Goal for Adaptation (GGA): A system of 59
indicators agreed, covering finance, technology transfer, capacity
building, gender, etc. MRV technically difficult for actions

G IOba I M Uti r50: Mltigatlon Pathways = COP 28 Transition Away from

Fossil Fuels (TAFF) not included; Belém Mission to 1.5, no concrete

Uniting humanity in a global pathways; Global Implementation Accelerator, no target.
mobilization against climate Just Transition Work Programme (JTWP):
change. 2025-11-21 Just Transition Mechanism established. No TAFF, Just for what?

From COP 30 to COP 31
Anything actionable for mitigation
or adaptation?

UNFCCC. Belém Political Package[EB/OL]. (2025)[2025-11-26]. https://unfccc.int/cop30/belem-political-package; UNFCCC. Global Mutirao: Uniting humanity in a glo
bal mobilization against climate change. Draft decision -/CMA.7. Proposal by the President[EB/OL]. (2025-11-22)[2025-11-26]. https://unfccc.int/documents/



Mitigation still decides everything in the longer term

The gap that opens after ~2050 depends on our actions now. Today's energy choices decide
whether late-century warming is ~1.4°C or ~3.6°C.
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Temperature anomalies relative to 1850-1900 average and 95% confidence intervals

Land data from Berkeley Earth, ocean data adapted from HadSST after interpolation

Temperature anomalies for sea ice regions are calculated separately and not shown 0 T T T T
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Land and ocean temperature rise since the pre-industrial
1850-1900 period. Figure from Berkeley Earth.

Assessed best estimates, IPCC AR6 WG1, Table SPM.1.
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A RoadMap for Transition

Away From Fossil Fuels

Supporters vs Opposers and the
reasons behind,mitigation or
adaptation?

Supporters: Mainly OECD
economies, with high level of
climate resilience and per capita
emissions

Opposers: Mainly OPEC and
many economies countries,

some per capita emissions high,
most are highly vulnerable to
climate risks.

Blocking the Roadmaps in the final “mutirao (https://carbonbrief.org/cop30takeaways/



Decarbonize Fossil Fuels or Zero
carbon Renewables?

What does Just Transition Mean for Climate Adaptivity?



Fossil fuels, capital intensive and expensive, for therich;
zero carbon renewables, climate and poor friendly
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See: Pan Jiahua, 2024. "Systemic Transformation of the Zero-Carbon Industry." Urban Problems; Pan Jiahua et al., Global Ecological Civilization Transformation Development Report 2025. Beijing: Social Sciences Academic Press, 2025.



Zero carbon Renewables: Distributed, small in size, affordable
and manageable, as compared with fossil fuels

Solar Power Renewables allow for faster energy growth than fossil fuels

Deployment is simpler, scaling more modular and rapid, and resulting dependency lower

® By end of 2025, total installed

Dependency
capacity: 1,202GW R — ot e Sl A
® New additions of installation: Natural 540 | 15 &30 | Depeen
> 2024: 280GW e L - NP
> 2025: 315GW - @ e e

® Net annual increase in solar e
power generation: P 5 05 a0 s

until solar panel

% ey [ay B Q
o
> 2024 ° 250.8T h power > > [}=' and battery are
case Import solar Deploy solar+ Build a localized A atend of lifein
> . panels and battery locally grid to deliver m 20-25 years
2025. 339.2T ‘; h battery packs power —

through existing
harbor

As a comparison: The Three Gorges Hydro Power: 18 yrs (1992-2012)
to construct; total investment: 200 billion RMB;

total installation: 22.5GW;
Powering Up the Global South: The cleantech path to growth. Vikram Singh, Kingsmill Bond, October 202
annual electricity generation: 80-100TWh 4. Rocky Mountain Institute



What is just?
Is the global south taking the lead, doing more and better than the global North?
Zero Carbon Renewables: North and South redefined?

250 Years of U.S. Energy Transition

Energy Consumption by Source (1775-2025) S0% of car sales are EVs China

Primary Energy Consumption ic Shock Al Boom & ngéggﬁfust ‘ China
(Quadrillion BTU) % /2025
100 20194 " 40 51%o of car sales are EVs

Energy Net Exporter
2008/,
920 Shale Revolution 'S[=

Fossil fuels still account for 82% of Renewable excl. Wood

total U.S. primary energy in 2025, R /i -
despite decades of diversification 1980s uclear e
80 and record growth in renewables. Diversification @%@ « | 30

850 1970s (&,
70 "N Energy Crisis

The shale revolution unlocked tight
oil and shale gas via fracking and 1950s
g0  horizontal drilling, boosting U.S. Nuclear Begins B!

output, net exports 2019.

19305.‘
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Zero Carbon Renewables: North and South redefined?
China & India go renewables faster and more determined

INDIA'S TOTAL INSTALLED POWER GENERATION CAPACITY (IN GW)

®Coal ® Lignite ® Gas ® Nuclear ® Large Hydro ® Renewables

Added By _‘.:_ - 510

00} t - - 462
400
in tha first half of 2025, the world
Indtalled 300 gigawatt (CW) of 300
new solar power, B4% more than
the 252 CW added during the
200
100
0
Dec-19 Dec-20 Dec-21 Dec-22 Dec-23 Dec-24 Nov-25
Source - Central Electricity Authority(CEA), India .
*Renewables include solar, wind, small hydro and bio-power ThePrmt

Brazil Germany  United States  Indla  Rest of the World China
Graphics: Sonali Dub/ThePrint



Capacity Building for Climate Adaptivity

Proactive Expansion or Passive Defensiveness



Energy is essential for human development. More than 4 billion people live below

modern standards for life expectancy, education, and income

U.N. Human Development Index

2023 Index Germany
United States
Singapore

t b

Very High
Bangladesh :
High

Medium China

} South Africa

50 MMBtu per person

Universal access to clean cooking
Size of bubble indicates Universal access to electricity

relative size of population

0 1 10 100 1000
Energy per capita (MMBtu per person)

Eliminates abject poverty

Sources: U.N. Human Development Reports, EIA, ExxonMobil analysis

50 MMbtu
=1.80 tce
=14653.55kWh

1.80 cte can generate
5861.5kWh

60 M2, 12 kW
solar PV capacity
S4,500 cost
Power Battery
capacity 20kwWh
plus inverter
$6,000

Annual power
generation:

15600kWh



Percentage of the Population Using the Internet
Solar panels on top of roof, 100% for internet connection?
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rce: World Bank Group Scorecard, International Telecommunications Union
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Climate Risks at Their Extremes: outward or inward climate migration/

climate mobility

Hotspots of internal climate migration will intensify in rural,
urban, and coastal systems

"‘l._ Water scarcity :i' Lower crop productivity h Sea level rise and

Faal
storm surge

Heat stress o Extreme events

TAKING ACTION ON INTERNAL CLIMATE MIGRATION

® Cut global greenhouse gases now to reduce the climate pressures that drive internal clima
te migration

(] INTEGRATE CLIMATE MIGRATION into far-sighted green, resilient and inclusive developme
nt planning

] PLAN FOR EACH PHASE of migration — before, during and after — to ensure positive adap
tation and development outcomes

® INVEST IN UNDERSTANDING THE DRIVERS of climate migration through evidence-based re

Gobi Desert in Western China, Solar panels installed (4GW),
area covered 76.76km?, power generated (6.90TWh),
evaporation reduced, job position created.

BEILTF 8, 2025, HHb76km?, EH R 2400, F K HE69..

. . . “Clement, Viviane; Rigaud, Kanta Kumari; de Sherbinin, Alex; Jones, Bryan; Adamo, Susana; Schewe, Jacob; Sadiq, Nian; Shabahat, Elham. 2
SearCh’ mOdeIS' and consultatlons, to inform poI|cy response 021. Groundswell Part 2: Acting on Internal Climate Migration. © World Bank. http://hdl.handle.net/10986/36248 License: CC BY 3.0 IGO.”



Climate Extreme: record-low river levels
force atomic power plants to reduce out-
put in Hungary and Romania

Hungary and Romania have been forced to shut down nuclear reactors cooled by the
Danube for the first time, as record-low water levels deepen fears of an energy crisis acr
oss the region.

The drought forced the shutdown of a reactor at Romania’s only nuclear plant at Cernav
oda.

Lorenzo Tondo and agencies, 3 Aug. 2026, The Guardian Photograph: Andreea Alexandru/AP

Solar Energy: Climate safe and secure at the
edge of Himalayas, Sichuan Provice, Altitude

4,200 above sea level. Solar panel installed
(1GW), electricity generated 3.9TWh/yr

mJIHEF, 4200%; 2025; EHBE2005F K
L &~39x



People Using At Least Basic Drinking Water

Services (% of population)
by region (WBG client countries)

O WBG client countries total - @ Africa Eastern and Southern @ Africa Western and Central - @ East Asia & Pacific

O Europe &Central Asia @ Latin America & Caribbean  @Middle East, North Africa, Afghanistan & Pakistan
@ South Asia

Latin America &
—————— (aribbean

WBG client
countries total

Africa Western

/ and Central

/ 2015: 54,01 ;

pum—

60

7]
With Renewables, water can be pumped,

L3 L3 20
purified and supplied
At the outlet of Yellow River in Dongying, Shandong Provice, 12.3
km? used for solar panel installation; 1.2GW; 1.78TWh/yr. 0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
W ERFEE TN EOEE, 2025 BHEE100-.FRKHE17.8% 0

Source: World Bank Group Scorecard , WHO/UNICEF |MP for Water Supply, Sanitation and Hygiene, World
Development Indicators

@ WORLD BANK GROUP



Cash 1n on human misery, or cash
1n on renewables?



Economic losses from climate extremes vs. Oil
companies cashing in on geopolitical conflicts

NEWAY@RKER

o

Up to end July, over 2000km?
burned in Spain, and over
420km? in France, 220,000

people evaculated.

€3 bl’l: The “economic toll” of

European wildfires so far this year,
according to an estimate by the Fi
nancial Times. 2026-0806 (Carbo
n Brief, 20260807)

$93bn: eight listed oil produc

ers made in the three months to t
he end of June — the first full fina
ncial quarter after the US-Israeli
war on Iran Guardian 2026-0804

United Arab |
Emirates

Strait of Hormuz Crisis
2026. triggered a surge in
global oil prices to highs
above $126 a barrel.



Adjusted Cost
by Decade

o Rising Damages
Events -- from Extreme

Climate events are becoming more y 31063
frequent and costly, making past $2078

' °
losses an increasingly irrelevant ‘ .
predictor of risk for insurers. 2 I m a e ve n S
$643B -
@' Tropical Cyclone p SZBB

evere Storm

. Drought $21B

4o e | g ® An opportunity for
insurers to cash in

. Other

$451B

® higher cost for
individual households

costs since 1980.

Tropical cyclones

1990s 2000s 2020s

or inflat




Shape of solar output vs. air-conditioning demand on a typical summer day

Adaptive Capacity Built Solar peaks just when thecooling has o run

peak sun = peak heat

Through Harvesting Solar
Power for Air Conditioning
and Irrigation

00:00, .. 06:00 12:00 18:00 24:00
Squre In 11} ofles, Afforc 1 ol d; s oncheapsola, 3 modermisedgrid and
icic

Sunshine to push heat waves, but for solar power

16 1 . . .
" N no rain but solar power for irrigation
12 £ 60
— SR =EE e
K10 + R
= o
8 =
{HE “ ““‘ “ ““ ” ‘ %
|
I ‘ *
0 s -_— "‘:
1961 ‘1966 1971 1976 1981 1966 1991 1996 2001 2006 2011 2016 2021 4818 ¢F118 4F21A 5818 58118 58218 58318 68108 68208 683087108 78208 7H30H

4 REEED REETERRF8E ()




Oil companies cashing in on geopolitical Adaptive capacity building
conflicts through oil market manipulation through cash in on renewables

In 2024, Pakistan imported 16 GW PV panels, nearly1/3 of the cou
ntry’s total installed power generation capacity, of which 96.1% was di
stributed solar PV.

Farmers in Pakistan now have access to electricity: 95% of farmland

in the Lahore area has switched to solar-powered water storage, with
an average installed capacity of 5=10 kW per household, sufficient to cov
er an irrigated area of 2=5 hectares

Vehicles queue for fuel in Peshawar, Pakistan on 3 April 2026. Credit: ZUMA
Press / Alamy Stock Photo

Z0, BAERR KGR NPERE——MNERHIBEAEAR, (CUYHHE) 20255555



Renewables Based Solutions for
Climate Resilience



At least 60 owmec  have already introduced some kind of emergency measures to

deal with the energy crisis
Number of measures introduced by governments in response to the energy crisis

]
12345678910

—~. The Philippines

Spain's €5bn " has announced
. )

energy aid package % ’ 12 measures

includes several ‘ g after declaring
interventions il .\ a‘national

; ‘:} L emergency

, i K‘ 4

Chile has been \‘E«‘n’

forced to respond !
more than others

AN
Geopolitical conflicts
leading to o1l dependent energy crises,
But with virtually no impact on renewables
Climate adaptivity requires secure energy supply

ps://www.carbonbrief.org/iran-war-analysis-how-60-nations-have-responded-to-the-global-e
nergy-crisis/?utm_source=cbnewsletter&utm _medium=email&utm _term=2026-04-11&utm

_campaign=DeBriefed+Worst+ energy+crisis+ever +India+withdraws+COP33+bid+Drag+artists
+and+climate+change

® Indonesia, Japan, South Korea and India are alr
eady spending billions of dollars on fuel
subsidies to protect people from rising costs.

® The Philippines has declared a “state of
national emergency”, which includes limiti
ng air conditioning in public buildings and subs
idising public transport.

® Bangladesh asking the public and businesses t
o avoid unnecessary lighting,

® Pakistan reducing speed limit on highways

® L.aos encouraging people to work from home.

® Spain announced a €5bn aid package, with at 1
east six measures to support consumers.

® Many African economies, while also less relia
nt on direct fossil-fuel supplies via the Strait of
Hormuz than Asia, are still facing the strain of h
igher import bills.

® Ethiopia, Kenya and Zambia, are also facing se
vere fuel shortages.



Zero Carbon Renewable Energy
Industrialization & urbanization in developing economies

Non fossil fuels, Zero carbon renewable energy driven

Talus Ag’s green fertilizer plant in Kenya.

Solar panels powering homes, businesses, and agriprocessing in Anini . ) » ) .
Empowering Africa: Clean energy opportunities for economic growth, workforce development, and regional le

gl community, Niger state, Nigeria. adership As world leaders gather in Brazil for COP30, RMI shares our vision for sub-Saharan Africa. November 1
5, 2025 By Ije Ikoku Okeke



Solar Run's "Candle Killer"
solar lamps in the least
developed economies

Over 2 million "Candle Killer" units deployed in impoverished
households across Africa, replacing Kerosene lamps.

Cost of solar lamps for residents is just $1/a, comparable
to the expense they previously spent on kerosene and candles.

Solar Media's off-grid photovoltaic (PV) systems operate inde
pendently of the grid, integrating Solar home lighting

with multimedia educational devices. The video Solar street lights in Baro Village, Guinea.
: : .. : : Image credit: Mike Goldwater / Alamy

content covers vocational skills training, agricultural education,

and more, and the preloaded content is tailored to the needs of

different regions.



Zero carbon renewables compatible end use equipment
more energy efficient and cost saving

www.sciencedirect.com/science/arti...

Heat pump efficiency in UK improved .
by 64% since early trials 15 years ago Heat pU mpS-

® SCoP of 2.8 2020: Electrification of hea
t trial data to use an efficiency

® SCoP of 3.9 2024: Detailed, real-time d

ata on hundreds of heat pump systems aro

und the UK the average efficiency

64% efficiency increase in 4 years

a typical household could cut its annual ene

rgy bills by nearly £200 with a heat pum

p —even on a standard electricity tariff —if t
he system has a SCoP of 3.9
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Source: Rosenow, J., Lea, T., Boni (202 dging ancy y:
Source Insights into UK Heat Pump Performance Gaps. Energy and Buildings




A Waymo driverless car i

n San Francisco.Credit...A
ndri Tambunan for The N

ew York Times

Al empowered Mobility: EV,
safer, and cheaper

Compared to an average human driver over an equal distance, Waymo

vehicles had... UK's EV drivers are now saving £1,100 a year - and £3bn in total

¢ Crash type reductions| Annual fuel cost savings, £bn
-100% -15% -50% -20% 'O%E

-96% |
crasnes at intersections |

ﬁ =92%
N crashes with pedestrians

MBevs [PHEVs [l Electric vans

! -13%
%@t lateral crashes

2023 2024 2025 2026*

Source: WBW]O Source: Carbon Brief analysis CarhonBrief

((((((((((((((

https //WWW nytl mes.co m/2026/03/0 5/| earni ng/What Total annual fuel cost savings from the UK’s fleet of battery EVs, plug-in hybrids and electric vans, £bn. Figures for 2026 based

S—gOi ng—O n—i n—th iS—gl’a p h—m a rCh— 1 1—202 6 htm on EVs on the road as of May 2026 and the latest road fuel prices. Analysis based on 80% home charging at cheap overnight rate
s and 20% public charging. Savings can reach £1,400 a year with exclusive home charging. Source: Carbon Brief analysis.



Abundant clean energy and higher agricultural productivity in Australia:

Solar Sharer program and higher gross revenue under the solar farm

15 percent increase in the gross revenue coming from

Three hours free electricity .
Starting from July 1, 2026, from 11 RN
AM to 2 PM in New South Wales an _'

d southeast Queensland and 12 to 3 e i N b
PM in South Australia. r A JPL) ol i, a7
Many homes fill up their battery for =5 S gt L e
free during the three Solar Sharer ho
urs and then use 1t to power the rest

Of the day An aerial view of sheep grazing at the Dubbo Solar Hub, which contains over 30,000 solar panels deployed across

approximately 50 hectares at Tom Warren's farm on the outskirts of Dubbo, around 400 kilometres(248 miles) west of

Sydney. -- AFP

https://www.energy.gov.au/rebates/solar-sharer-offer ‘Solar sheep’ help Australia go green, one panel at a time. February 22, 202. https://kuwaittimes.co
m/article/40159/business/solar-sheep-help-australia-go-green-one-panel



Drones powered by dstributed Torrential rains from Tropical Storm Maysak

renewables: Fascinating climate caused devastating flooding in the Guangxi of
resilience work! southern China in July 2026.
Drones
® air-dropped supply packages to villages
cut off by floodwaters,

® functioned as airborne hubs providing
Internet connection, and
® physically lifted some people to safety

a test flight of the electric flying cars being built by Chi
nese manufacturer EHang

https://www.ehang.com/news/1180.html, January 16, 2025
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