


1 Introduction

Climate change is one of the most pressing issuésef The science is clear: human activities



also exacerbate the distributimnglications of decarbonisdtiah will arise regardless (see for

example Markkanen and Anger-Kraavi, 2019).

Yet, the sharp contrast in the theoretical positions of scholars is a way to conceptualise the magnit
of the challenge. Striving éengyrowth is an imperative, but no one can be certdiraeguatte

a path is possible. What is certain isctraat happen without sdag prerequisites. It will

require massive investment in existing @aemwlogies and in the advancement of new
breakthrough technologiesluding for negative emissionsll lalso requickanged behaviour

from everyone, and our economies will haaeldptbd to deal with ¢cbasequences of climate

change that can no longer be avoided.

The paper is structured as follows. Section 2 theesemtbers that make clear how significant the
problem of decoupling is. Sectiewigdvs the literature on degrowth and explains why degrowth
proposals are not viable. Section 4 summarlgesthee on greeowvgih. Section 5 discusses
essential steps for the reatisabf green growth. Sectioon6ludes with recommendations for

policymakers.

2 The challenge of decoupling: the hard numbers

Pursuing deep decarbonisatithioe challenging. Annual g@ét@lemissions keep rising and show
no sign of peaking. In 2019, they were 6@t pegber than in 1990, the year of the first
Intergovernmental Panel on Climate Changedepgréercent higher tima2015 when the Paris
Agreement was signed (Friedlingstain2020)Even unprecedentedumistances such as the
massive restrictions introduced to contain Ce¥@H¥9ad a 6 percent drop in emissions in 2020,
from which a quick rebound to pre-pandemic lepdis foitmwed (IEA, 2021a).

Historically, economic growth ... by which we mean real GDP growth ... has long been associate
increasing GHG emissions. Empirically, the causal chain is straightoneaets of economic

activity tend to go hand indhaith additional energy usecandumption of natural resources.

Fossil fuels still account for 80 percent of the global energy26iR)(IBAJ so energy
consumption is closely related to GHG emissions and hendetorgjnatpansion of industrial
processes, livestock rearing and other agrigditsrto emissionsilevideforestation reduces

carbon sinks.



A far-reaching transformatitimeajlobal economy is needeedtace emissions. As 73 percent of
global GHG emissions come fengy garoduction (mostly ag,CG@bst reductions will need to
happen in that afedn interesting way to look aisthbig formulating tpeoblem as a simple
identity, as done by Kaya and YokoB&)i ¢tthe basis of Holdren and Ehrlich (1974):

* AIEOOEKJOLLKﬁ?—;&;ZP—E AUANCU @AN*)@IEOCOEKJIO
= LQH=KF"ET<J)&2 AJANCU @AI=J@

This identity permits GHG emissions (from edeigiop) to be decomposed into a product of the

worldes population size,g@D&apitahe energy intensity of GBRhanGHG emissions intensity of
energy productibn

Limiting population groiwthne way to limit GHG emissions, ¢gnavitie debate on this topic goes

far beyond the scope of our paper. We instead consider population growth as a given, and base
analysis on OECD demographic forecasts.e@ustsions would therefore need to happen by
lowering some or all of the other f&itars. lowering the second factop€GDapitaimplies
compromising economic and social welfare, theestiom is whether thied and fourth factors

(energy and emissions intensity) can decline atemtssffeed to allow the first and the second to
remain on their current paths. This wouldnirapgolute decoupling of economic growth and GHG
emissions (ie a situation in whi€hdatissions go dowitewkal GDP continues to grow, see Figure

1) through a edematerialisatione of the economy (eg through a shift from manufacturing to servic
altered consumption behaviour, more efficientoggcrand the decarbonisation of the energy

sector.

2 The remaining emissions arise from agriculture (11.2 percent), land use (7.2 percent), industrial processes (5.2 perc
and waste (3.2 percent) (sées://www.climatewatata.org/ghg-emissipr@/hile this paper focusses mostly on
GHG emissions from energgndree difficult part of emissions reductiosuatainability in general may in fact be
making the necessary changes in how we use naturaltodfeeaeesl dress ourselves. More on this in section 5.
8 Energy production is what causes emissions, but the variable tingpanotest bg policy is energy demand. We
assume production is equal to demand and use IEA data i8 (maree(t)2.1 (ion -5 Afaco(t th)3.and. )For (e IWe




Figure 1: Global real GDP (2010 prices, PPP) and total GHG emissions
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Source: Bruegel, based on OECD, Economic Outlobknigotdi®3 baseline projestiancessed in July 2021 and

on UNEP, World Environment SituatiomtReorwvésr.unep.org/downlda@decessed in July 2021. Note: 1995 =
100. Logarithmic scale. Full lines are historical dataQ&a® gmmjections, dashes are a stylised representation of
absolute decoupling.

Globally, there is no sign of absolute decoupling, but only of relative decoupling (ie a situation in wi
total GHG emissions grow less than propgrtionaal GDP). Explained in terms of the Kaya
identity, while energy related GHG emissionsg@eGDR are falling (the third and fourth factors
combined), the fall is slower than the increase in real GDP (the first and second factors) so that ov
emissions continue to risgurEi 2 shows that in the last 100 years, annemisSOns from

energy production have risen t&néslen though emissions per unit of GDP have been slashed by
almost two thirds (1.8 percent per year ore anecagl990). This im@y because the global

economy has grown at a much faster Bgmr¢2nt per yearamerage since 1990).

* From here on we switch from showangndeotal GHG emissions to data emi€bns for reasons of data
availability and comparability to theoretical emission p&imeayse focus on emisswitigation in the energy
sector, this is not an oversimplificatiorep@&3ented 91 percent of gloak@®ikssions from energy in 2018 (CH
8.6 percent andN 0.8 percent), and trexgnsector accounts for 93 percent of giadalsgSions (industry: 4.1
percent and LULUCF: 3.3 perceritjtjfseévww.climatewatchdata.org/ghg-em)iskldh&)CF = land use, land-use
change and forestry.




Figure 2: Global annual @@issions from burning of fofisels for energy production (in

gigatonnes) and €€nissions per unit of GDP (in kg per $PPP)
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Source: Our World in Data (OYDBa@E3plorer (based on Global Banject; BP; Maddison; UNWPP), accessed in
July 2021; sddgtps://ourworldindata.org/co2-emissions

Thus, progress on decoupling GDP growthdmoissiGs has beehiaged, but the continued
expansion of the global economy has proventwattastannual emissions from increasing, let
alone to allow them to decrease, as is clear from Figure 2. A rough calculation (disregard
interactions between the faacbthe Kaya identity) makes clear how far the world is still falling
short:

x Gross emissions of, G@od at around 35 billion Gi0it8 (Our World in Data, OWID;

https://ourworldindata.org/co2-emigsidhis needs to decrease to approximately 5 Gt in 2050

according to a technologically conservative emissions pétineal?CC (2018), or by 86
percent.

X The global population is projéztetrease from 7.63 billic20i8 to 9.77 billion people in
2050 (x1.28), and global realp@Déapit§2010 prices) is projected to increase from $19,896
to $41,099 or Y7 percent (OECD).

x C@emissions per unit of GDP therefore halieedogearound 95 percent or approximately 9

percent per year on average #019 until 2050. Between 1990 and 2016, the world only

® Loosely based on the LED/P1 pathway of the IPCC (2018), whicltarbes msifttere and storage technology
(CCS) nor bioenergy with CCS (BECCS), technolegiasr¢hdlyy amder development and that degrowth scholars
deem unfit for climate change mitigation.



achieved an average so-called sdecoupling rates of 1.8 percent per year (BaSed on OWID)
differently, the average speed ofglampduring the next threades will have to be almost
five times greater. The later this accelesippens, the gredtevill have to be.

Decoupling trends are not even fast enodeveloped economiescesil990 the European
Uniones (EU) gross éassions have decreased by 25 pé@atD), while real GDP grew by 62
percent (European Commission, 2020ani€Xivns in the United Statss started to decline
more recently. This suggests thalusd decoupling isspible. But it is happening too slowly to

match the globally required decoupli



Such pessimistic views about our planetes tagasitgin economic growth are not new. They have
been around in somenfait least since thssay on the Principle of Populatibhomas Malthus
(1789). He postulated that riasiiand economic collapse wereitable unless birth rates
decreased, based on the beligpdpatation growthagponential andgth of food production
merely linear. This argument was ¢bhmaghout the twethi century in environmentally inspired
works by, for example, Osborn (19#8&)ogh (1948) and, most notabljeirPopulation Bomb by
Paul Ehrlich (1968). Meadstwal (1972) predictedTihe Limits to Grolbreaftel-TG) that

global population andremmic activity would peak in tie tagnty-first century, and advocated

an economic and demographiglibrium statéZ avoid an uncontroli@thpse when humanityss

need for resources finally exceeds the earthes capacity.

These authors all proved to be too pessimistist (8 far) becauseythailed to predict the
significant advances in agricultural yields, technological inrbgatistitation, and declines in
population growth rates. Advances in resouece\efi@mve often been driven by market forces,

such as for oil in the 1970s, when scarcgyugrqurices, creating incentives for innovation.
However, technological progress is highly unpredictable, and since the atmosphere as a deposit
CQis a rival but non-excludable good, purely market-driven innovation and substitution will not sol

the problem of climate change (EastiaGt@L

Like LTG, modern degrtivetbries subscribe to the ideahtmatanity must achieve a lower
economic esteady statee to avoid environmesttapbataThe term edegrowthe was probably first
used in the writings of French philosopher André Gorz in 1972, and in the work of econon
Georgescu-Roegen (1971,)19%8 wrote that economic activiitye long run is limited to a level
supported by solar flows due to the laws of themmusdyfhe term was popularised in the 1990s

and 2000s by Serge Latouche (for exaraptdh&a2009) who crigcissconomic development as

a goal. In the early 2000s degrowthe was usledaastay social and environmental activists in
France, Italy and Spain. Finadljnertiged as an international &@seaea in 2008 at the first
Degrowth Conference in Paris (Demaria et al, 2@1 3l K20lis3), with many publications being
produced, particularly in the firsbfhidlé 2010s, in the eptof the global financial crisis and the

sovereign debt crisis in Europe. Authors including



There is no exact definition of what sdegrowtfersianiti®rs are not always clear on exactly what
should edegrowe. There are at least five idiféepeatations: degtbh of GDP, consumption,
worktime, the economyes physical size, or sradicale degrovitha nefestasgle transformation of
the economic system (van den BR&h). It is perhaps bettesatothat degrowth covers all these
interpretations. Material and energy conswuangtithie economyes physical size need to degrow,
out of a concern for resource depletion anccembiye akmate change. Worktime degrowth is one
tool to do so, GDP degrowtlinisvitable consequence (not apaireg and radical degrowth a

necessary condition to make a post-gromtmgcsocially sustainable (Kallis, 2011).

In terms of GDP and GHG emissions, degrowth scholars do not see a credible scenario in which tt



common proposal is to lingtshpply of production factorst mmably labour. Reductions in
working hours are seen as a way to reducegptionswhile increasing social welfare through more
free time and achievingh levels of employmdiite latter must also dupported by shifting
employment towards labour-intensive sectorsteamnihg innovation to increase resource
productivity rather than labour productivitygresngtaxes and ecap-and-shares schemes (Kallis,
2011; Kallist al, 2018). Another element is to redusgatggnvestment by firms to net zero,
which does not exclude that some (clean) sectatslgraxpense of other (dirty) sectors (Kallis
et al, 2018).

Other ideas found in the literature are the re-localisation of econteni#isetalistennce between
consumers and producers, and encouragementohthecmnomy (Paech, 2012), as well as new
forms of (regional) moraeyl limitations to peoly rights (Kallet al, 2012; van Griethuysen,

2012). Some advocate for zero interest rates to avoid the growth imperative created by having to
back interest (Binswanger, 2013), caps rgsdavieduce wealth inequality and doing away with

the logic of accumulation by firms and owners of capital. The aim is to arrive at a steady state in w

the whole economy is consumed, wdniith end growth (Loehr, 2012).

Importantly, many of the propodeadegaare considered by authors themselves to be incompatible
with capitalism and unlikely to be implemenliberhl representative democracies.eallis

(2018) therefore argued that in the absence of democratic degroathepokitiesinvoluntary
economic stagnation caused by climate changesing@gitt an authoritarian version of capitalism,

unless more democratic alteesmare put forward.

Finally, it should be wothat degrowth poopnts devote relatively little attention to limiting
population growth, which woutttdtieally offer another ... though contentious ... way to reconcile
GDPper capitagrowth and emission reductions. Where it is discussed, most authors view it as

undesirable, especially whenvoamtary, and point that the large and growing populations of



4 Green growth

The calculations in section 2 ilkigtratscale of the challenge. Howeselso important to note
that the low decoupling rate up to now hasdorctwarcontext in which there hasnet been a
significant climate effort globally, and developenhies have put iagel only modest policies.

This pattern need not coeti and there are sitpas it might not.

The EU has already managed to cut its territorial emissitnis a8 Gfxourse partly due to lower
population and Gi2f capitgrowth than the global average. But data also shows that the decoupling
2









Figure 3: Levelised cost of energy (LCOE) from selected fossil fuels and renewable energy source
in USD/MWh

Source: Lazard (2020).

Already in the earlier literature rejectimgvithegessimism, the central role of technology was
highlighted. Stiglitz (1974) ldachien and Schwartz (1978) did not yet address GHG emissions, but



Nationse Sustainable Developmenf, Goalsto varying degrees different Green (New) Deal
proposals (eg European Czsianj 2019; US Houdeepiresentatives, 2019).

No single definition has beegelol@ed of what is meant l®emggrowthe. For example, the World
Bank (2012), OECD (2011)uiEP (2011) each defireen objectivesfeiently (Hickel and

Kallis, 2020). Jacobs (2012) whategreen GDP growth is understood as either: (1) higher growth
than in a scenario without strong environmehtahter policies, both in the short and long run
(dubbed the estronge version of greeth), or (2) lower in thd storand higher in the long run

(the standarde version)

Whatever the exact interpretation of green publichtions from international organisations or
governments predict both environmentaltsoemethe form of avoided climate damages and
economic benefits reisgtfrom increased investment and innbvathis *double dividends forms

the heart of the green-growth arguhmengreen-growth narrative rests on four pillars: (1) subsidies
for innovation and investments in renewableagnkcemergy efficiencyt thaost GDR) carbon

pricing to further stintalafficiency gains and renewablégpaavoid rebound effects, combined
with recycling of tax revenues to cut a®rporddbour taxesdaboost employment; (3)
assumptions about innovatioth megative emission technesodo accelerate the decoupling
process; and (4) compensation schemes for the poorest households, displaced workers
disadvantaged regions to make the transiticellpdétsible (see for example Table 2). Inclusion
of such social elements puts current proposplb@ysind earlier incarnations of Green New Deals
(Mastinet al, 2021). In its most extreme form, gretbnigimlieved to come as a result of free
markets and does not even require publenitd@ other than carbon pricing (Sual@019)

refer to this agreen capitalisynZ

° The SDGs indeed also include Ydeteand Economic Growths as SDGS.

19 Adding to the confusion is lack of clarity about thexgaseirvehich growth is usoattypared: is it a trajectory
based on historical average growth rates or a no-aditbothacerdudes serious danfimye climate change in the
long run? This is not trivial, as in comparison to an economyrwraakegddiynate change, an economy that
avoids global warming by growing moreoslevey by shrinking could be on a higher growth path, but this is generally
not a scenario considered as egreen growthe.

"I The environmental benefits are somatigreented by more short-term co-benefits, mostly through improved health;
see Karlsson et(2020) for an overview.
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Table 2: Different green growth scenarios, stangatgd emission reductions, estimated GDP

impact, key policies, and adverdédgt@d groups (if no compensation)

IMF (2020) European Commission |1EA (2021b)
(2020b}?
5 % Reduce gross global emissions Reduce net EU Reduce global net C
@ = by 80% by 2050 emissions by 55% by emissions to zero by
€3 2030 2050
w o
Q5 Standard version: baseline GDPStandard version: | Strong version: basel
o8 +0.7% first 15 years, -1% in R0B@seline GDP -0.27% / GDP +4% in 2030
O +13% in 2100 +0.50% by 2030
>_$ X green investment push  x green X green
N %’ X carbon pricing investment push investment pus
o X compensatory transfefs X carbon pricing X carbon pricing

supportive macro policies| X tax recycling
T o X Low-income X Fossil fuel x Fossil fuel
23S households, due t indust t
© 93 ouseholds, due to industry exporters
3E 5 electricity prices and job  x Low-income x Fossil fuel
< status households industry

x Fossil fuel exporters

Source: Bruegel.

02

ne

Overall, however, the empirical evidence for divddebtelooks mixed. In fact, some of the reports

by official institutions state thdbuble dividend carabbieved only if vepecific assumptions

are made, while in many scenarios, strong clioratoaltt at least in the short-term lower GDP

growth.

2 |ncludes JRC-GEM-E3, E3ME and E-QUEST model estimates.
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5 Techno-optimism: important caveats

The numbers we have given show thatldheeeds to decouplesgrGHG emissions and GDP
growth much faster than currénttire following, we set out the key actions necessary to achieve

such a faster decoupfing
5.1 Need for massive investment imyl@pht of existing green technologies

To decouple GHG emissions an@WbPagnuge expansion in green investment and a big shift in
investment are needed. For insthad&Ae«s (2021b) net-zero patbstenates that global energy

capital investments must increase from a curtgm@tvgeage of about $2oMmillo $5 trillion (2019

prices) by 2030, after which they must stay at almost the same level until 2050. As a fraction of glo
GDP, this would be an increase from 2.5 percent today to 4Z0p8rdefiowed by a gradual

decline back to 2.5 percent. Encouragingly, radstchhtifogies to be invested in up to 2030 (for

85 percent of emission reductions; see IEAap@2&bylily available. Beyond 2030, that will be
much less the case: only 54 percent of emission reductions will be accomplished with curre
technologies. Most of the invessnugnto 2050 (about 65 peticerould be directed to generating
low-carbon electricity, upgrathecelectricity system for distiim and storage and electrifying

new sectors of the economy (CO2/energy devhdad, smaller though still significant share

(about 15 percent) would be spent on efficiency improvements (energy demand/real GDP).

Governments will have to foot part of the bill|ye&pdaigle infrastructure projects or technologies
still under development 2BA1b). But the privatetee will need to cover most of the investments.
It is therefore important that governments use fmoticeate incentives and facilitate investments,
for example through carbon priegngene financial regulateors supervisory practises, or
cooperation with the privateosettirough public financialituigins such as the European
Investment Bank. Clear and credible policy commismédmaip by redugithe uncertainty that

can keep firms from investing (Dechezlepa¢2621).
5.2 Need for breakthrough greeimiblogies for decarbonisation

Most emission reduction scenarios that preticedoetonomic growth telarying degrees on
the use of technologies that are not yet available. This is frequently used by degrowth proponents
an argument to question the feasibility of gretim Jhe IEA net-zero pathway (2021b), for

'3 Because of the nature of renewandpy eglobal supply chains, and the aenseq of climate change, as well as
the benefits to be had from cooperaR&D, each of these points shoatttitessed with international cooperation



instance, relies to a great extent on future innovation: 5 thereemissions reductions by 2030
and 46 percent of the reducbetseen 2030 and 2G&@ to be achieved with technologies that
are currently in a demonstration or prototype quws as CCS, green hydrogen and advanced

batteries.

The breakthroughs achieved in the current dettastefaie be crucial. Unfortunately, none of the
technologies needed beyond 2@30uwarently on track to beintpgeg in time (IEA, 2021c), as
the road from concept to commercialisatigpicaly long and winding. To accelerate the
development of these innovatidlentdogies, governmeatsl the privatecsar both need to
substantially increase their research and innfwating. Fostering grieaovation and bringing
green technologies from the laboratory torlte¢ neguires government action, for example via
pricing of emissions. Public-private partnersbipsscadequate risk-taking by public institutions
and green industrial policy cdhefudeliver breakthrough infmwvétlagliapietra and Veugelers,
2020). But, of course, there cannot be ategalat such breakthrough technologies will

materialise in time.
5.3 Need to foster behavioural change

In theory, emissions from energy production could be sufficientgoleddumedhe back of



Figure 4: Impact of behavioural change in the IEA net-zero roadmap, emission reductions and
increases from now to 2050 (megatonnes of CO2)

Source: International Energy Agency (2021b).

Behavioural change can also reduce the cost of tinengre@m To apprecitis point, it is

useful to compare the EU investment requirements to reach net zero by 2050 estimated by t
European Commission under twerdieenarios: one relying ontgadmology (1.5 TECH), and

one relying on both technologpemalvioural changes (1.5 LBeBkeen 2031 and 2050, the 1.5



We have not made much progress in deco@kmgissSien from food production (1.0 percent per
year since 1990, according to FAO data)erAQ020h put it, the technology scowe has indeed
barely changed over the last millennia. GHG emissions per kilo of meat from cattle have declined
mere 0.4 percent per year on average sindegn@é9@@.count for 37 percent for all emissions from
food production docuieenby the FRQFAOSTAT, 2021). A change in diet and the way we use land
for producing other goodstritigis become necessary.

Bearing this in mind, it is important to congioetiaege warnings of waceffects. If policies to
reduce emissions through investnemenewables and efficiegaaps achieve positive income
effects or too optimistic perceptions, a narrow focus on certain sectors could leave room for harr
effects from increased emissions elsewhere. This could offset at least part of the progress mad

emission reductions from erférgy
5.4 Need to develop and scale-up negative emission technologies

All IPCC emission pathways, including the onensnbalsieth our calculations in sections 2 and 3,
consider net £€nissions, with reductions from agriculasts, dod other land use. Reforestation,
afforestation, habitat- and seibgement can be used to reme¥®@@he atmosphere, provided
that increased efforts are made in these asesswhki gross emissions can remain small but

positive in a net-zero situation.

Unlike the conservative pathway we usedpfntiost IPCC pathways (IPCC, 2018) also rely
significantly on humane®anegative emission technologies. They allow for greater remaining CO
emissions from activities that are hard tbomésmrwhen reachirdignate neutrality by mid-

century and beyond, as these are offset by nmomereaoval. This in turn means that the high
required decoupling rate of around 9 percamedesomewhat lowehich would make a

difference in the feasibility of net-zero by mid-century.

This is controversial among climate scientists, however. Negative emission technologies are curre
under development or in early small-scale implementation and are not on track to being ready in t
(IEA, 2021c). Furthermore, many scientists acal sdspit the feasibilityl amability of certain
technologies and are even worried that theyeataynumerous other serious environmental

problems because of potentigjly input requirements.

> See FAOSTAT, AgdrEmemtal Indicators, http://www.fdaast@t/en/#dataccessed on 20 July 2021.

'®n the absence of a limit or prices on emissions, dlserdoearbound effects wikti@renergy sector, for example
when people start using more enecgyseeit is becoming cheaper or greener. This means increases in energy
demand/real GDP offset dezsea CO2/energy demand.
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Governments should encourage the developbwht naftural and technological solutions but
should be keenly aware that negative emiskimotges cannot be a substitute for actual,

immediate emission abatement.
5.5 Need to adapt our economies to unavoidable climate change

Global efforts to reduce GHGamiase aimed at limiting global warming to 1.5°C, thus minimising
dangerous climate change. Unfortunately, &ijle temmperatures already more than 1.0°C above

pre-industrial levels (IPCC, 2018) climate change is



6 Conclusions

In order to avoid global waimiegcess of 1.5°C above pretiatiiesiels, global GHG emissions

must be rapidly reduced. Dihisgwithout losses in economic prtyspell not be easy: so far,
decoupling GHG emissions from GDP growth has been slow or alesemts jUssfisasen for

degrowth scholars to propose a radical oveobawdaoinomic system. Yet this approach seems
unrealistic. Asking for lower growth, let alone negative growth, would mean that large parts of the \
could not develop, or only at the expense of even harsher degrowth in developed countries. L
income countries will obviously not follow thisaadwite notion of redstting income from rich

to poor countries is also unrealistic.

The real question therefore becomes whethenidatiarbefforts can be accelerated. While global
emissions have not declined, GHG emissions from developed economies such as the EU have, de
continued economic growth. Theatkp shows that the speé decoupling of emissions and

growth has accelerated in the world. The efddsedhe carbon intensity of energy in many
economies have contributed to p d&#ine in the prices ofwaide energy technology, which

has improved the economic case for rapimbrisation worldwide. Belief that further innovation

and investment will enable the world to $ulbgessmch climate neutrality by 2050 without

reducing welfare underlies the green-growth narr
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