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Is the post-fossil era necessarily post-capitalistic? — The robustness and capabilities of green capitalism
Stephan Boscand Matthias Schmidt

Ourcentraltargetis to showthat capitalismis not only muchmore robustto crisesthan presumedby its critics,
but alsofeaturespromisingcapabilitieswith regardto solvingthe environmentalrisis.Toelaboratethisthesis, we
analyse how facapitalism can survive given the end of fossil energy carriers and may maintain-ittuptivity
under the preconditions of a regenerative energy system. In a further step, we demonstraterigeg may
actually provide the prerequisites of the economytransformation towards sustainability. We argue that

especially competitive capitalism as anal ysed -by
vironmentalinnovations.However,we will alsopoint out the numeroussocialproblemsof green infrastructure
projects. I'n the | ast section, we assume that -mar

vironmental crisis. Here, political action is needed that pools societal forces with regard to the ecological
challengeshences p e c i giomatihgdesirableéinnovations.Theusefulnes®f statemeasuressto bejudged in
correlation t o t he respective speci fic nati onal p
capitalistic social orders disregards themplexity of these contexts and is at danger of omitting decisive de
terminants of crisisnanagement.

1. Introduction

Eversincethe QOil Crisesand the risingof the EcologicaMovement in the 1970s, academic concern regarding the
imminent breakdown ofmodern society has been accumulatinggadows et al., 1972Daly,1991; Sieferle, 1997
Altvater,2005 Schwartzman2008 Huber,2009 North, 2010 Kallis et al., 20QMartinezAlier, 2012. The kyfeature
of the debate is the energy system, since practically any kind of human activity is dependent on energy, and sin
economic growth always entaitsrise in energyconsumption(MartinezAlier, 1987, Daly,1995. Human's quest for
new energy sources was and is therefore a fundamental 8ieférle, 200;l1Solomon and Krishna, 201Rifkin, 2013.

At the moment, it expresses itself in the substitution of fossil energy cabryeesnewableenergiegRescletal.,2008).
Onemainreasonf o r this transformati on | i eoftheifossinudear energygsygsten,v e
e.g. climate change and environmental degradation. The usage of fossil energy carriers is also limited by their natu
shortage Meadows et al., 2004 Yet scientists disagree on the gties at what point in time the depletion of supplies

will actually occur, ultimately compelling a remodeling of the energy sysBridde,2010).

Undisputedly, the static reach of crude oil, a resource of highortance forour society, is the lowest among fossil
energy carriersStatista, 201Y. GarciaOlivares and Sole (201&%pect Peak Qil to arrive no later than 2021, entailing
the quick exhaustion of fosdilel reserves within a few decades. How much such prognoses not only nurtuve heft
criticism of fossil capitalism, but likewise provide capitalism with the opportunity of depoliticising the environmental
crisis by stimulating apocalyptic fears, is dédsed by Swyngedouw(2010) His concern implies the assumption that
radical changewithint he capi talistic soci al order wi || not s u
the Euopean Commission's strategy for the reduction of greenhouse gas emissions does not question the existir
sociomaterial conditions; rather, the Commission speaks of a-effstctive transformation of the electricity sector
(EC, 2018 European policy thus makes fossil energy carriers the core point of criticism, not the economic order. |
contrast, leftist critics only seemingly target fo$ails;they actuallyaimat the economicsystem:capitalismwhich so
far has been able to function on a stable foundation formed by fossil energy carriers. Accorditudpeo (2009)
capitalism's relationship with nature is essentially characterised by its dependence on fossil eareigyg. Its logic of


https://doi.org/10.1016/j.ecolecon.2019.04.001

constant growth and accumulation is based solely on the unique characteristics of coal, gas, and oil and cannot
transferredto a regenerativeenergy system.Accordingto this line of argument, the end of fossil fuels would imply
the end of the capitalist system\ltvater, 2007 Huber, 2013GarciaOlivares and Sole, 2015

Kinder, 2016BuchHansen, 2018

AlthoughMcCarthy (2015as well akenis and Lievens (201&)nsider it desirable that the rearrangement of the
energy system were combined with the rearrangementhef sociematerial relationships, they do not only see the
ener gy system's transformati on t owar ds renewabl e €
environmental crisis, but also as a chance for capitalism to prevail. BtiCarthy (2015)- adopting a Marxist
perspective— warns of creating power asymmetries, especially in rural space, where inhabitants are often legally
powerless against the regenerative energy systems' high demand for land while beirigedegirtheir livelihood by
dispossessiolfseealsoYennetiet al., 2016 Avila,2018). HarrisWhite and Harris (2007) emphasise that renewable
energies do not only stimulate the development of decentralised structures of supply on a communal level, but coul
also be embedded in the capitalist logic of market and mass produd@idimn et al. (2012)kewise see the chance of
transforming capitalism towar ds agreen ciptalismBand, 201y thaughl ' ,
the authors do not recognise an approach to solving sqmablems and global disparities therein. Some Marxist
oriented environment al researchers t her ef dares, 281fr i ¢
Moreover, HarrissWhite and Hariss (2007)deny the possibility of a thoroughly ecological capitalism, as capitalism
always entailed materialistic lavishness as well as a steady increase of erRappyi (1957fven takes market
economy to be the souecof the demolition of any social and environmentalationship.

We are hence facing two fundamental dimensions of criticisiwapitalist regenerative energy systems; under the
latter we subsumany form of renewable energy, energy networks and storagssifutional frame conditions, socio
material conditions, as well as governmental, economitjcommunalplayers,andcivil society(Gailinget al., 2013
Quaschning, 2014 . T h e fi maegated tharpessikility@f a green capitalism, comprising the assumption that
the capitalist social order, which essentially developed from the so@terial characteristics of fossil fuels, could not
be transferred to the socimnaterial logic of regemative energy systems. The second dimension does see the
possibility of a green capitalism, but rejects it for reasons of social fairness as well as due to the material limits of ma
markets, therefore favouring the deployment of regenerative energy systavithin a socianaterially thoroughly
transformed sociaframework.

Our central target is to question the following assumptions theas dimensions of criticism are based on:

jThe renunciation of fossil energy carriers inevitably leads to a decrease in productiviyt\(afer, 2007 Huber,
2009 North, 2010).

j The environmental crisis proves capitalism's failure and lack of vigeflityarvey 2011; Kallis2011;, Huber,2013
BuchHansen2018).

jlnnovation is a phenomenon that solely concerns technological issues and is bounded by the limits of hume
imagination; it is therefore unable to promote a society's sustainalffirrisswhite and Harriss, 20QKallis, 2011
McCarthy,2015).
The capabilitiesof green capitalismare strongly limited (cf. Castree,2010 Bdhm et al., 2012 Harris, 2013
McCarthy,2015 Brand,
2016).
The di erentiati on bet ween t he di stinct f or ms of
jeopardises the implementation of a sustainable social ordeKalis,2011; Mathews, 2011Huber, 2013Kinder,
2016).

The paper is structured as follows: After covering the close, but-tadénrelationshipbetweenfossilenergy and
capitalismin Section2, we will investigatethe fi r dirhensionof criticismin Section3 and show that the robustness
of capitalism to changes in the energyd crude material base is much greater than it is assumed by stadigs. We
hold the view that the opportunity of spaettme compression does not end with the introduction of volatile
regenerative energy systems. However, in this context, we will st put the social problems of lareggcale green
infrastructure projects. Furthermore, we demonstrate that critical situations do not necessarily herald a breakdown



but provide the prerequisites of e e mwihgisaciethlchalleanges. r i e n-

Concerning the second dimension of criticisSection 4llustrates how the rejection of green capitalism overlooks
promising approaches to surmounting the environmental crisis. On the one hand,gue #rat in face of the given
narrow time slot as well as the prevailing political strategies, it is more realistic and pragmatic to prassesyg the
e c i efmarietoriented solutions.Eventhoughin principlewe t ake su ci encoy etcdai vawn
regarding the solution of ecological and social problems, we still do not count on people's willingness to live in greate
moderation within due time. On the other hand, we therefore presume that there are no other suitable economic
framecond t i ons f or surmounting the crisis than those o
on the assumption that innovations, which above all emanate from thriving economiaadler, 201R are highly
relevant for overcoming the environmental crisis. As growth, innovation, and the development of new industries are
to be seen as directly related to the export sector as well as the utilisation of comparative advarBatjest @nd
Gluckler, 201p we therefore also strictly object to the concept of autonomy. Moreover, we take innovation and the
aspects of growth, entrepreneurship, and democratic processes of negotiation related to@aftthget al., 2013
Walter and Gutscher, 201 Raven et al., 20)6to be essential for the implementation of regenerative energy systems
and social welfarelyersen,2005 Nasirov et al., 201)7

Our presumption that innovations occur more likely and more frequently within a capitalist, than in alternative
social orders (e.gHarris, 2013 socialist markets), is derived from Schumpeter's notion of competitive capitalism,
which he distinctly sets apart from trustified capi't
emanating from enthusiastic entrepreneuvgho are ready to take risks, and act solutioniented. These impulses
may revolutionise the economrocess! This process of Creative Destruction is the essential fact about capitalism”
(Schumpeter,2009. Basedon Schumpeter's t hedr ye c on o mi ¢ d ¢dlermd ang kanmeth, 2016 c f
Schumpeter,1994 Schumpeter, 2009— which, accordig to Marques (2008) represents the original idea of
innovationdriven capitalism- we analyse capitalism's robustness to the downfall of fossil energy; moreover, we
investigate its potential contributions to ecologic sustlility. Yet we want to go beyond Schumpeter's perspective,
whi ch fixes o0n anditakeaeloserlioak attheerolesofistate policyin Section5. Our argument is that
creative entrepreneurs and markets alonewilot su ce to specifically and qui
system driven by innovation. We state the thesis that an active role of the state is needed which relies on politica
continuity when it comes to promoting environmental innovation ardates stable institutional frame conditions.
In a last step, we will show that during the deployment of regenerative energy systems, social aspects have hithert
been given too little attention by actors of state and politics and that national objectige uncoupled from local
contexts. To achievesuccessfullowe ar bon transi ti on, these deficits nee
possible, as marketconomically oriented regenerative energy systems have often been the result ofrojpreled
democratic negotiationdn Sectiong, thefi n d i ofitlge studywill be summarised.

2. The crisis of fossil energies arahpitalism

Energy sources are a central element of humankind's materialistic history and elemehmyes in the relevance
of energy carrierdhave always led to extensive economic and societal transformatiddisdge et al., 2013.
Exemplarily, the drastic increase in productivity duringustrialisation cannot be explained without the revolutionary
change of the energy system towards fossil fu€lstérhammel, 201)1 Ever since, economic growth is accompanied
by an i ncreasing C 0 n s u m@standonorenerdetic fprimiary enatedatsAftwvatery, 2005 s o u
Accordingly, questions of economic development must always be regarded in the context of the energy system, a
well as the circulation of energetic and n@mergetic cude materials within itieadows et al., 2004 Altvater (2007)
takes the relationship between humans and nature to be cta&igen because a limited stock of energy resources
within the Earth'sthin crust forms the basis of the present economic system. This limitation implied grave
consequences for the global ecology. The apparently dddisn interrelation of nature and economy is also
highlighted i n ‘“Ant hr op o cMoore (2066) in Whicl the impactsc of capitalism azed i t
regarded a snoughito ga mdikedaastheir own geochronologicakra. The main point of criticism is
capitalism's orientation to industrial scaling and quantitatgrewth (Mathews, 2013}, which likely will end abruptly
once Earth's limited capacities will have been depleted by the exponential growth of population and ecd@valyny (
1995. Yetnotonlythdini t eness of ener gy <carr i er smetedralogicaiadidents, t h ¢



massmortality of speciesandsealevel rise represent impediments of stable economic growdicCarthy 2015). The
scenarios concerning trends of the world's condition developed by the Club of Rome illustrate that keeping a higt
wealthlevel can only be accomplished if a radical change in societal attitude concerning the vabfagimwth will

t ak e &leadows et #1.2004). Stopping environmental destruction while maintaining the present economic
system appears to be impossible, since fossil energy carriers provide globally acting compdnibe wiportunity

to spatially separate production and consumption as well as to externalise the manifold ecological expense:
(Chisholm,1990).

Bridge (2010jpates the heated debates about Pe@i as ecologicallynotivatedforebodingsof anewenergyorder
inwhichthe modern industrial nations are going to free themselves of their dependence on oil. For Neomarxist groups
the end of the age of mineral oil even represents an apocalyptic tuerad during which nature were going to take
vengeance on the ecological arrogance of capitalism. AccotaiBgttini and Karaliotas (201,3he narration of Peak
Oil thereby attains a symbolism that reaches far beyond matht#gal calculations of the scarcibf fossilenergy
sourcespeingextendedto ageneralcriticismof a system that is exclusively oriented on growittCarthy (2015%ees
the chance of a podbssil capitalism especiallyihec o mmo di ficati on of wi nd, sunl i ¢
This way, nature would again be introduced into the cycle of captat. den Bergh (201 pyesumes that this may be
a practicable approach, perceiving aitim of market economy and capitalism as too radical and warns of onesidedly
problematising growth without simultaneously pointing out realisable alternative ways. He therefore preférsathe
growth-c oncept ', whi ch assumes imtorreatetsacial s wplleas dcdlogicalrsust@inabiligyr
by means of pricing policy, environmental agreements, and educatitiatives.

The c o0 mmo d indittceahowewen, is @jéctedby the de-growth movement, as the comparison of the
Montreal Probcol, which is based on regulations (ozone) with the Kyoto Protocol based on tradédwada greater
e e ct iof egulatveasneasures(Kallis,2011). Concerning the market's capabilitiddprth (2010)additionally
speaks of the neoliberal enthusiasts' mindless faith in technology, who were mistakenly convinced that creativ
destruction is su cient to face the s ocSakanadKerc(B0O88) ! e
i mit the possibilities of the gl obal communi ty' s f
This rhetoric stylises capitalism as the image of the enemy: orotigehand, it represents the cause of the global
ecological crisis due to the exploitatiarf natural resources- and for that reason alone were not tee maintained
(Daly, 200p—whi | e on the ot her dsocalframewdrk far mastering the casicafiuet al..a b |
2009. Hence, the development of a symbiotic econor®alciaOlivares andsole, 201} rooted beyondobsessive
economic growthBuchHansen2018) is promoted. Renewable ergies were apt to meet these gairements since
they can be developed through collaborative bottoap mechanisms on a camunal level, therefore enabling the
decentralisation and democratisation of energy supptyfin, 2013. Infact, this may be an option. However, in the
following, we want to demonstrate that capitalism is not only veryusttto crises, but is also alite contributeto the
solution of the environmentalcrisis.

3. Robustness otapitalism
3.1. Space-time compression

We will now show that the possibility of increasing productivity does not end with the transitiomegemerative
energy system, but onlpeedsto be embeddedinto new logisticinfrastructural contexts.In this, we contradict
Altvater (2007) Huber (2009)and North (2010) who claimthat capitalismcould expandonly on the basisof fossil
fuels, since, due to the global transportability of oil, gas, and coal, entrepreneurial actions are no longer bound to the
local availability of energy resources, but rangebglly. Furthermore, the usage of fossil energy carriers is not subject
t o dai l vy or seasonal fluctuati ons. Tr an s gimercongpiessibn t vy
(Harvey, 199§ as products can bgenerated in ever shorter intervals of time. Following this logic, the limitation of
the fossil resource basis inevitalldlyingsaboutthe end of the capitalisticsystem.

It remains undi sput ed -basadenerggysgemdgsiyhardit@ontrolfEedrgescdRoegen,s o |
1971). Most forms of renewable energies are intermittent sources, whose contribution to the energy mix are subject
to the rhythms of sun, wind, precipitation, and tideBafes, 201p Adapting energy production to demand, a
fundamental prerequisite of continuous economic growth, thus becomes a major challenge. Aiteter (2007)



Huber (2009)and North (2010) actually do not include in their considerations, are the numerous technological
innovations for the stabilisation of regenerative energy systems. After all, with biomass and geothermal power, two
energy carriers capable of providing base load are at haatek and Gawell2015, which may, in the form of
regenerative combined power plants, support the weatliependent energy sources sun and wilhlenskyand
Dietrich, 2011Ramchurn et al., 2031The numerous energy storage technologies are also important, albeit only few
of these have reached industrial maturity. In principle, mechanical, chemiealrieal, or thermal kinds of storage
are being discernedHadjipaschaligt al., 2009 . Compressed air and pumped st
levels of up to 80% are especially promisiAnagnostopoulos and Papantonis, 2DOBesearch is also conducted on
the conversion of surplus regenerative power into methane or hydrogkmgen et al.,, 2007 by which the
bidirectional omration ofthe power and gas network is made possible, allowing for transportabilityels as
baseloadcapacitywithin large spatialunits.

Spacetime availability may also be augmented by the developmantl capacity expansion of higloltage
transmission linesWalter andBosch, 2018 HarrissWhite and Harriss (200 have pointed out at an early point, that
the existent grids, having been developfilowing a monopolistic logic, are outdated and incapable of integrating
decentrallypr oduced el ectricity with strong fluctuati ons.
E.g., Germany's South, which is poor in wind but strong in tefnrsdoistry is being provided with direct access to
t he bi g wi-ghare petangats ghyhe Morth as well as to the storage power plants in Scandinavay(df.
The possibilities of intercontinental power transpfmbm regenerative sources have been thoroughly investigated by
DLR (2006dnd Grossmann et al. (2014)
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Fig. 1. Deployment of direct current high voltage transmission in Germapgcetime compression

in regenerative energy systems.

Both energy storage and the development of the power grid thus will successively reverse the presentisgace
limitations of regenerative energy systems. The two domains, however, arisalated from one another, but are
coordinated via smart gridsSsolomon andKrishna (2011gmphasise that smart grids are superbly suitable for the
implementation of markebased approaches, so that an innovatothr i v e n
technologies could be anticipated. Smart grids also provide the possibility of no longer designing the mass productic
of renewable energy technologies on a fobasis, but by the usage of renewable energy. While the production of the

g e n e r arativedechnalobieswasdased on fossil energy, in future, the possibilities of energy storage

fir st

mas s mar ket

f

the almost unlimited energy potential of a solbased economy, and the combination of both aspects through smart

grids
order

wi ||

to optimise the

which,in the sense of the cradko-cradle approach (cSection 4, allow the reintroduction of used materials (e.g. old
wind power plants made of renewable resources) to the biosphere. Thus, the problem of externalsfaioriogical

costs can be minimised.

Summing up, the increasof productivity and stable economic growth within regenerative energy systems seems
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possible Still, it remains to be emphasised that largeale energy projects algmtail negativesocialconsequences.
E.g.,Yennetiet al. (2016)have shown that the Charanka solar park in Gujarat, India, was erected on areas that the
local population's livelihood had depended on for decades. The refuse of access to these areas, as well as i
inhabitants' successive dispossession througghte measures thus are direct results of the Indian economy's
ecological modernisationLévien, 2013 In this context,Baka (2013)s pe a k s of “ener gy d
phenomenon which has &b been observed with larggcale wind energy parkéyila, 2018Cowell, 2019 The socio
material impact of economic modernisation on the local population, whose lives strongly depend antagaidand

us e, ar e of t en i nYenneticet &.n2016yso0 thae the dubidu® idhpreGsion was given that
environment al protection and economic growth buesed
could go with one another without soci al -prejéecdespeeallye ct
in the global South, are not the causeof thed ev el op ment of new power asymme
reproduce and hardefong-standing social disparities and injusticési{a, 2018. According tdBradley and Hedrén
(2014) a lowcarbon transition hence misses its aims if it is only about modernising the enestgnsyvithout
likewise transforming the underlying social structures.

3.2. Crisis as an element of capitalist social order

We hold the view that the occurrence of crises in capitalism is not due to it being an ailing, doomed economic orde
nor is it a proofof capitalism's ineptitude for meeting ecological challenges. Instead, we deem that crisis is ¢
fundamental element of the capitalist social order that actually provides a chance for readjusting economic processe

Harvey (2Q1)explains that anything blocking the circulation and accumulation of capital may pose a threat to the
capitalist system and induce a fundament aMcCarthy, 208).s .
Altvater (2007)is convinced that capitalism will not be able to overcome this crisis; therefore, future technologic
progress had to be embedded in a nrfossil, noncapitalist frameworkKadlis (2011)also emphasises that the approach
to a steady state (cDaly, 1991, 2005will transform the institutional preconditions of property, work, banking, and
distribution to such an extent that in the end, it will bmpossible to still identify them as capitalistic.

With regard to Kallis' doubts concerning the institutiomnalbustness of capitalism, Schumpeter points out that
precisely the ups and downs of industrial development, which are the outcomes of sucaasslidtions' intensifying
competition, enable progresdHeérzog andHonneth, 201%. As crises therefore represent an immanent part of the
capitalist system, an environmental and resourcekated crisis caused by the capitalistic process does not provide
su cient e v i cgossibledownfallofshe capjtalistitsocialorder. Thecrisismight everbetakenasproof
of an economiccycle,if it is regardedas a period of depression between the dwindling fossil and the emerging
regenerative ageBohm et al. (2012xnd McCarthy (2015 onfir m t ha't capitalism is
fundamental crise, actually using these as starting points of its further expansion. Concerning the environmental crisis
HarrissWhite and Harriss (200@8Iso concede that the deployment of renewable energies holds the potential of
foundinga new form of capitalism that is characterised by a much lower degree of materialistic lavidBegss.and
Karaliotas (2013gmphasise that from a neliberal point of view, the accusation of capitalism bringing about a

resourcesrelated and environmental crisis does not at all provoke-detf u bt s . Rat her , it c
mar keting of adequate approaches to solutions in thi
into economic focus. EveAltvater (2007p oi nt s out t hat the externalised e
natur e become rel evant for compani es once t hey j e

environmental problems and their sdlans can actually be made part of capitalist lo@olomon and Krishna (2011)
are convinced that in order to solve the environmental crisis, it were not even necessary to achieve further technolog
breakthroughs, as theetc hnol ogi es needed f or the remodeling of
mature andcoste ci ent

Even if capitalism Kallig@@allythl eakes the cdsis asmatcHance to lordakiup dludive
social and political loels that have hitherto seemed unalterable and have lead into the crisis. Yet he does not regarc
the ability of social and political transformation to be inherent in the traits of market, but as a characteristic ofla socia
order orientated towards degrowth. Certainly, Kallis is right in saying that the market is hard to control, making ¢
concerted transformation towards sustainability di |
Schumpeter charaetr i sed as trustified capitalism and-inehedlmesdo



criticism cannot, however, be appliedto competitive capitalism, which generates those basic innovations giving rise
to the revolutionary crises described as so fertileklaylis (2011)Thus, an opportunity is provided for alternative social
conditions to be broughabout— but within the capitalist social orderand for substantiating these new conditions
through further innovations. Innovations may emerge outside of competition and market economijlbtiten lack

the required frequency and force, as growth repents the most important incentive of innovatiowéangler, 2013

On the other hand, a continuous process of innovation again leads to growth, which may revolutionise the preser
social conditions, as Schumpeter statel®zog and Honneth, 20L6Thereby, a new combination of the given means

of production within new sites of production emerges, generating new goods, methods, and markets. Productive
resources are applied to hitherto untestedages while being withdrawn from those usages they served betaeel§,
2011). WhatKallis (2011)erms technological optimism with regard to the ecological innovative power of capitalism,

is therefore technological realism in the context of Schumpeter's competitaygtalism.
Without doubt, innovative boosts on the part of already established

companies are also conceivable and may di ve withitse t
ecologically precarious structures. An exampl e here
which the ecological impact of the emission intensive electrical conversion of coal is being reBansdn andrr,

2008). Technological progress may hence stabilise the existent syafteoonomyandpolicythat isaccountablefor

the environmental crisisRettini and Karaliotas, 20)3In Shumpeter's view, however, the decisive economic order

is competitive capitalism, which is characterised by the aggressive economic demeanour of new, innovative
enterprises economically challenging the establishmeélgrgog ad Honneth,2016). Thestart-upsof newcompanies,

which are inseparably connectedvith the processesf innovation, withdraw production goods from the present
capitalist system by underbidding, disturbing the former econoimitance that is so destructive for nature.

Competition is therefore essential for overcomi ng t
economi cs’ and its precept of sSsur mount i mmgncipating onaskell e g
from the logic of the marketd§ mb s h o a n20808),Gsi ceugterprodiyctive, as the renunciation of competition

impedes the breakup of crusted economic structures, wiiicls continue to harm the environment. After all, the big
energy providers' strategy was and is to hold on to the feusilear power plant pool for as long as possible,
suppressing alternative concepts of energy sup@smvel et al., 2012. A radical transformation of the energy system
therefore cannot emerge from the existent structures, as Schumpeter assd$sef) and Honneth, 20)l8nstead,
innovative proceses emerge outside of the old major companies until proceeding to attack the incumbent regime
through the rededication of means of productioBdels, 201)L Innovative marketing strategies of small and middle
scale businesse suppl anting cumber some | arge companies pl ay
energies alsh, 2012 In this, competition is a decisive element that cannot easily be superseded.

4. Capabilities of greercapitalism

A competitive green capitalism develops great creativity by its high rate of innovation, which may also reinvent the
relationship between humans and nature. We now want to exemplify how this might be brought about.

Schumpeter holds the view th&nnovation is the result of the capitalistic entrepreneurial spirit, not the other way
round Herzog andHonneth, 201% Technological and social progress hence are no independent variables
materialising out of thin air, but arise from the logid the capitalistprocess.Meadowset al. (2004)acceptthat
innovationsmay relocate the limits of growth, makingit possibleto maintain the living standard bgontinuously
reducing the consumption of crude materials and ene
that depleted or not yet tapped resources areing (re)obtained based on neregenerative energySchwartzman,

2008 , causing capitalistic pr oduct Muphyahddallb20l)lOvercamex@g s i I
the energy crisibence calls for the consideration of thermodynamic principlésdrgescuRoegen, 1971, 1986
MartinezAlier, 1987. HarrissWhite and Harris§2007)see the deployment of mewable energies as a possibility of
limiting the creation of entropyKaberger and Mansson (2001gve showrthat innovativeresourcessavingmaterial
cyclesmaybe possible and economical if they are based on the usage of the inexhaustible energy of irradiance. Wha
is promising about this approach is thdtie to research and development, the utilisation of solar energy becomes
more and mor e e $Schneid)201pMoreover, itsénexaaustiblegotdntial allows for the exploitation

of material resources even from deposits with extremely low crude material density. On a local level, the utilisation



of solar energy may actdgllead to a reduction of entropyepeling et al., 199&ranert and Cord.andwehr,2010),
as it is the case with the usage of waste heat of solar thermal povestpfor the desalination of sea watedl(R,
2007). The integration of these capacities into smart grids and the associated remodeling of every production proces
to purely regenerative sources have been detaile&attion3.

We further argue that innovation surpasses conceivability. B¥amis (2010}kees a particularly high potential in
unpredictable technological innovations to break through economic routimgs encouraging further entrepreneurs
in issuing their own innovations. Capitalism might thereby be provided with the chance to reduce its ecologice
exploitation. But innovation exceeds strictly technological aspects and may as well comprise soaistiartnal
aspects Arentsen and Bellekom, 2014. E. og., i n the mobility sector, w
contributed to the environmental crisis, innovations have led to new features of cargo and passemgportation.
This is illustrated by the example of car sharing as an innovative life Bydétgnthaler and Steininger, 199%r
bicyclesharing schemes in urban arelsgdgley, 201). Andher representative case is the history of the ozone hole,
whichMeadows etl. (2004)describeasa history of civilsuccessegardingthe correctionof a severe overshoot. Quite
in the sense bSchumpeterMeadows et al(2004)n ame t he ‘i ndustry' s <cr e easthing e |
deter mi nant . Through t he t hree i nnovaubegeéei botos t snat

¢ ’

emi $sieenal ternative substances’, it wi | | be possib
21st century. Remarkably, this is realised without abandoning the existent ecosysieEm.

Furthermore, weargue that it is realistic to assume growthiented,
competitive markets in the future, rather than soeaiaterial conditions beyonthem, which, asstated by Vanden
Bergh(2011)arecompletely uncertain as of now (eldarris, 2013socialist markets). We therefore hdlge viewthat
it ismore pragmaticto designfuture massmarketsin an ecefriendly way.

Kallis (2011jejects the possibility that the wonder of a dematerialised economy might occur, as improvements of
e ciency were overcompensated by growing consumpti ol
researchers stil] dhe mateuidliseceecomaniy to ieaological eonhpatibdity. Ome @aspect is the
thorough redefinition of nature protection, because
the harmfulness of processes and produd#ulhall and Braungart, 20)0However, due to the potential creation of
new mass markets formoreedor i endl vy and e <ci ent processes or prod
augmenting unwanted e ect s regdnd Adcottg2005)pants douthre devam's Paeadox s .
which says it is a great error to think that technologic innovations were goirggitacethe consumptionof resources.
Polimeniet al. (2015)namethe example of the Green Revolution: the remarkable increase of food production's area
e ciency was not at al | able to abate the probl ems
greatly increased. L iiekt and ecsfriendly prodorcss svauld again lkad to a massive amount
of poison and waste, with disposed crude materials hardly being recycled. The ecological costs then would have to
externalised, whiclsturm and Vogt (2Qi) regard as strong evidence of the failure of the market.

The core problem hence lies in the fact that products are being prodesetusivelyfor the technosphere
(McDonoughand Braungart,2013). E.g.,copperis almostuniversallyapplicableto andb e n e ffoc techrological
systems, while in biological systems, this material is extremely poisonous. Thus, the aim must be to design produc
in a way that makes them equally usable in biosghere. subsequent to their technical usage. This calls for the
development of a combined management of nutrients for techawed biosphere. Human ways of living, ghrecesses
andproductsthey arebasedon, maytherebybee mp | oy ed f ornaturb.e benefit of

The focus must therefore be put on those innovations that break up the present paradigm of environmental
protection by realising products that create a useful material connection between techrimasphere. Arexample
of this kind of creativedestructionis the Austrianc o mpany Gugl er , t he first print
printing products free from harmful ingredients and exclusively with substances that caiologicallyrecycled
(GuglerGmbH 2018). Eg.,the accruingsludge is returned to biosphere and the ash of burned printing products can
be reused as a fertilizer. These conditions provide the possibility of desigogmpmicactivitiesto be ecologically
compatibledespitea high resourcehroughput.

5. The role of state andpolicy

5.1. Managed transitions



We think that in principle, the market has the means to surmount the environmental crisis, yet it is hardly capable
of assuring the concerted application of these means with regard to the pending societal challenges. Hence we concl
with Kallis' (2011p s s es s ment t hat deregul ated markets are not
Even Schumpeter denies that the capitalistic process is suitable for the strategy of a process of continuou
approximation Herzog andHonneth, 201%— such asMeadows et al. (2004Jemand it of the approximation to the
limits carrying capacity. Innovations leading to a radical change in thbleshed bases of economic calculation rather
occur discontinuouslySchumpeter, 1994 which makes them too unpredictable for overcoming the environmental
crisis. In concordance wittWangler(2013) we assume that ere innovative processes are abl®dasexplicitlyon
surmountingas p e &indfcrisis,ademandfor the respective goods and products must exist beforehand and must
be augmented by governmental policy. We therefore argue that market needs an institutional framework within
which policy is able to expediently organise innovation. With regard to 8ofgmon andKrishna (2011¥peak of
‘manatgreadn si ti ons

That the market alone is inapt becomes apparent in the mabested tendering procedures for renewable
energiesHarrissWhite andHarriss (2007¢mphasise that this strategy has permanently undershot the targeted aims
of deployment. In this respecMcCarthy (2015gxplains that powerful actorsf the capitalist system are not at all
interested in a transformation of the energy system towards renewable energieazel and Frenzel (2008%0 state
that despite parading green rhetoric, the big energy suppliers exert obstinate resistance. How far this resistance ca
be broken dependson t he speci fic nati onal political and ecol
regenerative enagy systemsGet kovi ¢ and ). Bawevergtheraythors 8oOnbt@Gssume contexts other
than that of market economy; rather, comparing several forms of capitalism, they take one dmtindestation of
market economy tde a suitable approach to crisis management. In conttéallis (2011understands any form of
capitalism as an institutional compound whose supreme aim is the maintenance of growth and accumulation.
McCarthy (2015%upports this thesis and claims that in the context of the environmental crisis, any form of capitalist
social order is primarily interested in its own salvation, but not in a societal transformation towards sustainability.
Even thepolitical players' commitment to nature protection is mainly about expediently repositioning one's own party
in political competition idarrissWhite and Harriss, 2007

However, our view is that a generalised objection ty &mrm of capitalist social order would disregard the subtle
di erences between the various manifestations of ca
for the solution of the environmental crisis unused. We now want to illustratt h e s e d i erences.

Cet kovi ¢ and dBawzhatgiberalymarkeR @ D@ p mi es di sti ngui sh thems
They are oriented to economic criteria, which leads to them bringing forth groundbreaking o én irregular
intervals. This means that while a radical reorganisation of the regime in the Schumpeterian sensexjached, its
time and course are not steerabl&éels, 201)L Withincoordinative market economiessCet kovi ¢ and
(2016)state, innovative processdake placegraduallyand continuously Here,progresss being subordinated by the
state to a longterm development based on researdlmexamplehereofisthe transformationof the energysystemin
Brazil organised by the state in the aftermath of the oil price shock. Manifold steps taken have contributed to increasir
the national production and consumption of bioethanol. The government put an emphasis onr@h&ton of
research and innovation in the ethanol industry, which paved the way for Brazil to become world leader in the sectc
of ethanol technology (Solomonand Krishna,2011). In Germany, the state likewise made a poiot providing
comprehensive and stable support for the energy syst8terizel and Frenzel, 2008 E. g., t ech-mol o
tar i s set above t he overa20gearpapiod{Kangl, 2045 Mazeovgruname@usgrogeetsd
concerning renewable energies, in which enterprises as weksearch institutions participated, were promoted
(Lauber and Jacobsso?016).

Thesestableframe conditionsfacilitate the accesgo creditsandloansfor investorsCet k ovi ¢ and). Buz
Wangler (2013)s convinced that due to the high production cost of renewable energies as well as the monopolistic
market structures of conventional energy supply, the spreading of green technologies in Germany was possible or
due to the intervention by the state. Aaading to the author's analysis, the politically induced stimulation of demand
for green technologies and the ast®osighetficanetty o©fhca
activities in the regenerative sector as well as the iratmn rate. This is congruent with the assessmenofomon



and Krishna (2011Wwho say that governmental support of innovation may also be carried out indirectly by promoting
andfacilitatingthe consumptionof the respectve products.

HarrissWhite and Harriss (200Take governmental aid for the consumption of regenerative electric power to be
only a compensation for the markets' failure to implement a regenerative energy syédterhowevey argue that a
failed solo on the part of the market must not necessarily imply a complete abstinence from competition, but that the

capabilities of mar ket <can be compreldoarifismrceé HnglandgolitMhadiore d
along time assumed a liberal attitude, putting the focus on a technologg ut r al |, cost e cCci €

renewable energies. As a result, the deployment wabjectonly to the mechanismsf the market, which left no
chance for immature technologies smaller companiesStenzel and Frenz&2008). This form of capitalism inhibited

the development of a national market for renewable energies. Accordimgatlis (2011)the inhibition consists in the

big, powerful companies that are not interested in abandoningthe grewthi ent ed condi ti ons s
Establishinga sustainablesocietalsystemcould — from his point of view — not be achieved wiin the institutional
framework of capitalism. Bum fact, the coupling of market and state, i.e. the implementation of institutional and
political frame conditions similar to the German coordinated market economy (e.g-ifeed t a r i S guar
state, state grants for energy projects, condensation of institution, the governmental Green Investment Bank
succeeded in attaining industrial growth and high rates of deployment in England's regenerative energy sectc
Cetvikc and BIHzogany,

Janicke (2007holds the view that the transfer of successful political regulations is an essential prerequisite of
innovation, quite in the sensef regulativecapitalismHowever,C e t kamdBuzégany2016)point out the limited
transferability of political and institutional frame conditions. ElarrissWhite and Harriss (2008mphasise that
the development of regenattive energy systems in England was for too long under the responsibility of numerous,
partially conflicting ministries and was insu cient.|
i ndustry who t hus e x epolicyeahceminghaendigysactot,whichthetl ta an entareglernemt
of energy policy and the interests of capital. Remarkably, it was precisely this kind of political entanglement, whict
represented a decisive factor of success during the transformation oFthech energy system from oil to nuclear
power Solomon and Krishna, 2011 But irrespective hereof, t he di e
regenerative energy system mustnallpelitica and ecorfomidc cordexte Bgp e ¢
example, the advantage of tieermartnergiewende is—amongotherfactors—theresultof amuch stronger industrial
base, which provided Germany with the possibility of establishing its major engineering traditio® new energy
sector C e t k and Bufogany2016). Further factors of successare the more stable governmental support for
industry, vocational training oriented towards a green energy sector, as well asgtigitional embeddedness of
negotiation processes in regional and local structures. Not least, the energy transition's organisation by-ijottom
processes has led to high acceptanGaifing et al., 2013rildiz et al., 2015 making it possibléor industrial growth
andinnovationto occurcontinuously.

After these national examples, we want to identify the required frame conditions for a successful green capitalism.
According toMeadows et al. (2004}he population would need to be better educated in terms of environment, the
financi al ri sk of devel oping new technol ogi es woul d
development and expansion of new technologies would need to beededloreover, the organisational abilities of
state and economy were needed to focus on society's crucial challeBgksnon an&Krishna (2011¢xplain that the
transformation of energy systns required three prerequisites. One of these is basic innovation on the part of niche
markets (cfGeels, 201;1Raven et al., 20)6rotected and promoted by governmental institutions. Furtmere, a
specific sociotechnical regi me wineebded,avithimevihiolr a colkectivefvalue | a
system and coordinated codes of action are established. Finally, it is crucial whatetacremic context innovations
and networksar e embedded i n and what cul tur al and pol i ti
Key n e s iMz@arthy (B0153ees a big conceptional potential on the part of the state if it comes to developing
regeneratv € ener gy systems. Essenti al fiel ds of gover nmen
of national energy potentials, in the reduction of obstacles for investment, and in the international cooperation
concerning energy policy. Inviewbfh e i mmense financi al expenditures of
al so points to the i thalwadtd prorvidethe biginvesimeatsumsfoathe developmentafl
climate-friendly infrastructures. A similar view is expressed Get kovi ¢ and :Batargeted ny



governmental energpolicy on the one hand comprised the development of a national market for the exploitation of
the regenerative energy potential, while on the other hand takingasures that promote the regenerative energy
sector's innovative strength, create jobs, and reinforce thedustry's international contestability. Also, the
acceptance of regeneratiwnergy systems depends on the state's ability of guaranteeing sodi#tipation in the

form of havinga sayand a monetaryshare.

In sum, it can be stated that the market must be accompanied by governmental policy. The energy transition i
Germany is an example hereof, as t herats df mrnowatios withimthefi ¢ a
regenerative energy sector by launching the Renewable EnergieKangl( 201k After all, Germany holds the
hi ghest number of technol ogi ¢ p aithi the EBurogearUniori(@e tfikeohddi ¢o
Buzogany2016). Yet despite this success, the German energy system is presently being reoriented towards marke

economy. Thi s turnabout i s caused -byatihes fiagst beihmag
i nsu daohestorie et(al., 2030 This holds the danger of weakening the incentives for the deployment of
renewabl e energi es. Even privat e i nreasosstofosecarityiofinvestiment, fi €

very interested in the political framework not vanishing complet@yirer and Wiistenhagen, 200 et k ov i ¢
Buzogany2016)t her ef or e recommend not putti ng ttérne defelopnends, s o
but creating political and social frame conditions apart from the market that generate industrial growth and
innovation, enable the citizens' participationodbar o ad basi s, and help evolve th
the respective countries.

5.2. Consideration of social factors

In the context of the energy transition's implementation by spatial planning, the narrative of the aesthetic landscape
thatneedst o be protected has evolved, whi ch har ¥amd.yHorst,o nt
2007).Schobel (20120 r i t i ci ses t hat t hi s per s psenocandscapesCavelll (Z2050¥ i fi
even speaks of the marginalisation of industrialised, burdesygaceswhich, being classedas profaneregionsin a
hierarchy of landscapes, have to take on the bigger part of the deploymemnefvable energies. Yet it has never
been resolved what landscapes are to be categorised as worthy of protection and what energetic land uses are to |
banned from them in consequenc@dlmas et al., 20)5Moreover, the fatis omitted that landscape is culturally
relevant for any population in any region, regardless of whether it is beautiful, ordinary, or unattraBtaseijke et
al., 2013. Thus, the question arises how these spatial atititins of relevance were brought about and what social
consequences thegntail.

Harvey (1996has pointed out that arbitrary spatial categorisations are often the result of a markehomic,
capitalistic logic, in which aW powerful actors control localised resources. Ostensibly, the application of elaborate
Geographic Information Systems (GIS) gives the impression that social parameters were meticulously registered.
fact, however, the social dimensions of planning strectly bounded by political frame conditions that aim at providing
the means of remote spatial management. Only this kind of generalisation makes spatial planning socially calculal
(Murdoch, 2000. Liljenfeldt (2015)found that in Finland, Norway, and Sweden, spatial planning's possibilities of
interventionhavebeenstronglylimited fortheb e n effinbree ¢ i e wdwn pracedures in order to facilitate the
attainment of the energy transibn's aims. This form of spatischnical planning, which may, according to the given
political guidelines, both integrate or ignore the local contexts, is the powerbase of superordinated energy plannini
(Demeritt, 200). The extensive maps produced by these processes visigghesentthis power: they substantiate
the guidelinesand aimsof energy policy, reducing the subspaces' heterogeneity to controllable categ@uasgell

(2010)speaksof he phenomenon of afeg’'eshadowed search
To this end, socialsciencesare often instrumentalisedin order to

help break down social barriers for energglitical ambitions $hove 1998). Thisdoesnot meanthat policyascribes

no importance whatsoever to social questions. However, social aspects are often manipulated according to the
respective interestsRulkeley et al., 2005and local contexts are beingcoupled from national aim<Cpwell,2010).

But reciprocity between superordinate energy policy and its local contexts is essential, as opposition to renewab
energies is recruited from the édal population Yan d. Horst, 20Q7Zoellner et al(2008)criticise that energy research

for too long has onsesidedly centered on technical aspects of the |gyetransition, causing social matters to be ousted
from focus. Thi s has i hasprozvakederatestgin manyplacas(gitkem, POAQ. Especialy a n



the defici ent academic r e 8§ Borcthei deptoymenrfor remawabteeniergiesleditoviaesal g u i
opposition'sdeepermo t i ves being i nsu ciently appreciated. Sc
focused on the question how to accord with energy poligyantitativeguidelinesdespitedecreasedicceptanceEllis

etal. (2007)characterise this as an ideologically charged-@nergy attitude that suppresses alternative perspectives.
Even the right of participation must be r@gled critically if it only serves the cosmetic purpose of legitimising decisions
that have been made beforehanddi{dyard et al.2001). DevineWright (2005)therefore recommends considering
social distancesyhichare to be understoodasa gaugeof fairness.

Literature does indicate that t he depl oyment of r e
unfair structures. Yet the foiling of humeropsojects especially in the Western market economies also shows that
the energy transitions permit vital democratic, open and unbiased negotiation processes taking all societal interest:
into account (nature protection, preservation of monuments and ldgsiory, industry, etc.)Walter and Gutscher,

2013 Raven et al., 20)6In economic systems oriented to socialistic principles and/or principles of planned economy,
this kind of vitality andtontroversy is not nearly givelidrewsSpeed, 201R as the concerns of single citizens are

not taken into consideration and projects are often enforced against any opposition. The reaik®bdmic energy
transitions have nbleast unlockeda great potential of civic engagement(Gailinget al., 2013, so that energy
consumers are no longer unilaterally dependent on the big energy companies, but may themselves become energ
producers and partaken the developmenbf regenerativeenergysystems(Yildizet al., 2015).

6. Conclusion

In this paper, we argued that capitalism is not only much more robust than presumed by its critiosofaatver
features promising capabilities with regard to solving the environmental crisis.

At the beginning, we elucidated that capitalism is able to prevail even given the end of fossil energy carriers and t
maintain its productivity also within a regeraive energy system. Innovatieencepts of storage, direct current
transmission, and smart grids play a core role herein. Moreover, we were able to show that crisis is an essenti:
element of the capitalist social order, with critical situations even feible to provide the necessary preconditions
for the economy's transformation towards sustainability. Innovation is an essential ingredient of this process. We
argued that precisely the preconditions given in competitive capitalism generate innovattoerefdre, in our view,
the decisive social advantage of a competitamented capitalist system is this: as expressed by Schumpeter's
concept of creative destructi on, it O ers maxi mum i
of economic development, this incentive cannot be given within the socialist markets or degooigthited societies
favour ed, but not mo Haeris @leand Khallisg2011))et thie stiraulus ie drycial lasyit is
accompanied by greater innovational strength, thus providing more auspicious preconditions for groundbreaking
innovations, e.g. regarding aspects of technology, education, vocational training, research, social atfnastru
medicine, and nature protectiorBchumpeter, 1994versen 2005 Wangler,2013). However,we againwant to point
out the numerous social problems of the deployment of renewable energiesAdlagen, 2010, especially concerning
largescale infrastructure projects (e.gvila, 2018.

In the context of competitiveapitalism as described by Schumpeter, the promising capabilities of green capitalism
were presented in detail. Nevertheless, the predominant criticism of capitalism scarcely assumes the Schumpeteri
concept of ‘“creative deamuchulatdr stage of evollRi@ntohtleereconomit systeanc u s
which the socioeconomicdisparitiesasa resultof economic, but also of other factors have manifested themselves
distinctly andvi t h gr eat compl exi ty (cf . sntofcaptdlismfitteisiseana (o ustt@able i ¢
too superfici al as an explanatory model , which relie
to surmounting the energetic and environmental crisis that presently arise from numerous procdseesative
destruction. The cradléo-cradle approach illustrated above is only one example of a concept that, by means of
innovation, abandons the old and establishes the new. Yet we also think that competition and the market alone wi
not s u c deedly solvecthee glabal environmental crisis. This calls for political action that, by creating suitable
institutional frame conditions, succeeds in pooling society's forces with regard to the ecological questions of our time
t hus speci fi dnadvdtion. pr omot i ng

We demonstrated that the usefulness of state measures alwaysdalsp ends on t he respect.i
economic context. Aobjection to capitalist social orders in general disregards this divessitpntexts and is at risk



of overboking important determinants of crisma nage ment . The decisive di eren
innovative strength lies in the degree to which the cooperation ofrttagor market players state, enterprises, science,
and civil society-isinstitutionalised. This implies that a central part falls to the stateritbedding the actions of the
most important players into appropriat@stitutional structures. Only thereby will it be possible to shoulder hisavy

load of material, costs, worland coordination required for thenergy system's transformation. A n@ommittal state

runs the risk offailing this task. E.gSolomon and Krishna (2014howed that theintended transformation of the
energy system in th&JSA after the oitrisis was unsuccessful due to the lack of suitable preconditionsrfowation in
niche markets. MoreoverCet kovi ¢ and Bund that annligeral(mafifés@tjons of capitalism, the

d e fi c i ealitcgl and institutional instruments inhibits the necessary orchestration of activities on the part of state,
industry, a n dn sfinm, avercthoagh fossiefuwels and the capitalist system based tingom have given

rise to the environmentakrisis, surmounting the crisidoes not necessarily call for surmounting markesed
approaches; rather, market econoes based on regenerative energystems thatare competitionroriented and
guided by state measures may develgneat ecological andocice conomi ¢ e ecti vi ty.
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