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5 The transition to a low carbon
economy in Germany’s
coordinated capitalism

Alexander Ebner

Introduction

This chapter presents the key patterns of technological and institutional
change in Germany’s transition towards a low carbon economy and explores
which actor constellations and institutional configurations in its political-
economic system have shaped its path, with particular emphasis on efforts in
technological innovation. This question is explored within the framework of
4 comparative capitalism approach perspective in which Germany is charac-
terised as a coordinated market economy (CME), This leaves considerable
room for manoeuvring relational and associational governance modes in the
coordination efforts of firms. Accordingly, it is Important to examine the
institutional scaffolds of the German variety of capitalism. Especially how they
relate to the challenges of coping with the complex and radical institutional
and technological changes that are required in the formation of a sustainable
low carbon setting of economic affairs,

The first section of the chapter outlines the empirical patterns and structures
of carbon emissions and related indicators in the development of the German
economy. The second section highlights the institutional specifics of the
German variety of capitalism as a CME. The third section explores innova-
tion efforts in the formation of a low carbon economy. The final section
examines those actor constellations and policy strategies that drive institutions
towards a low carbon economy in Germany.

German emission patterns and structures

In exploring greenhouse gas (GHG) emissions in Germany, the fact that
power generation before the start of low carbon transition was from fossil
fuels and nuclear power, augmented by minor shares of hydropower and oil,
needs to be reiterated. Hard coal provided the traditional backbone of this
energy mix, yet the structural crisis in the coal and steel industries led to
massive closures of mines and plants in key regions, such as Ruhr and Saar,
during the 1980s, leaving only a handful of highly subsidised coal mines.
Brown coal, however, largely remained in the market because of its cost
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advantages. Its relative decline since the 19905 was mostly (lllt“ to ll‘]?‘ (']():.l‘l]l‘]l;
of mines in Eastern Germany (Jacobsson and Lauber 2()()(1)..Also, it 1:_;)‘ruf ¢ '
to remember that Germany is highly dependent on the import o u;Lrg');i
more than two-thirds of the German energy supply, most Pron_nneni:;az
and gas, are imported from abmadl {(BMWi 2012).. Tgls sztjuat?(;xzioan anz
underpins the transnational dimepswn_ of economic ecacrl omis1 L,
alludes to the limits of those strategic actions that are cpnﬁne to the na !
domain. Given these constraints, Germar}y has n?ade significant efforts 'm_on
domain of environmental affairs, in particular with regard to CO}i ennj;m ;
reduction. A study commissioned by the Europeaq Rese.arch r(teal 'gzi;
states: ‘Today, Germany is one of the 'w.orld Ieader.s in er;v:jonmep a e;er ;
climate protection, greenhouse gas emission re@uctmn an temat'n'r:l: .ng
technology’ (Leijten et al. 2012, p. 109). Thls may appear surpnstgS f:; e
that Germany is one of the leading global mdustngl net exporters.h a g on
available data, the German reduction in carbon emissions seems to have bee

i ince the 1990s. _
qu}l?i:gii?(;s.slfgl(ifers a first glimpse at the profile of GHG and carbon emis-
i i since 1990. .
Smrl-l’sirt;rtl, (t;}femc;zltlaygiovidc telling evidence for the relative success of gxermz-iz
efforts on GHG emissions, which were rc_dm_:ed by 27.9 per cent betwee :
1990 and 2015. Yet recent developmenths indicate a slowdown mderm.s.51c);1(;l
reduction, especially when considered with the more preap)toutf ow:wvt;;l ¢
trend seen recently for the EU as a whole'(see Figure 5.1-3). 1A- ac;or ucco_
development may be the general incTeasc in energy use 1cs§1 ting r((;zz oo
nomic and population growth, combined with a lack of energy pro y
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Figure 5.1a EU GHG emuissions.
Source UNFCCC Data Interface, 2017.
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Figure 5. 16 Germuan GHG emissions,
Source UNFCCC Data Interface, 2017,

and resource efliciency (Worlen and Gebauer 2017). Second, the data illus-
trate the massive carbon footprint that is caused by cconomic activities in
Germany when compared with the European Union 28 countries. GHG
emissions in Germany accounted for almost one-fifth of the FU 28 whole
during the 19905 and 2000s, making it the largest national emitter in the EU
and the third largest in the OECD after the United States and Japan.
However, in terms of emissions per capita, or relative to GDP, Germany
remains well below the OECD average (Klein 2012). The sheer size of the
German economy, s manufacturing base and ies specific energy mix translate
into a relatively high national share of European carbon profiles.

All these efforts towards the formation of a low carbon economy are
within the context of international commitments and regulations, most prom-
inently represented by the Kyoto Protocol. Germany reached its Kyoto com-
mitment for 2012 carly, namely a 21 per cent reduction of GHG emissions
from 1990 levels, having already reduced GHG emissions 26 per cent below
the 1990 baseline by 2009. This is one of the best performances among high-
income OECD countries. To proceed turther, additional national goals in the
reduction of emissions have been put forward, aiming at a 40 per cent reduc—
tion relative to 1990 by the year 2020, This CMISSIONS target seems to under—
line further advances in the decarbonisation of the Germar economy (Leijten
et al. 2012). More recent trends cast some doubt on Germany’s previous
success. The slowdown in emissions reduction, in tandem with the level of
ambition in these 2020 targets, means there is some concern they will not be
met. According to a recent report from Germany’s environment ministry, the

ko of mssing s 0 per cent rediction tapet. The uunl"-t]l\' L:-“l
TR AE Tk 0 ; |l(‘ul\ fom povermnent pohicies and has now had o
cvpedted bt N_”IN”' wrds (l{vullv:x 20016). This could have ml|\|l|.|]l|u|:u
et Tie []u*vllun-(.ms ui\W-' ! C EU Effort Sharing, Regulation 2021 20080,
tor the Paris. Agreement. 1 ]1{ ; t ibution for cach member state leading; up
sehich “.“d,“r]inm ll;: (\lzt(ixll(u:]lttizllzlrlll, expects Germany to n'd}y‘a' CHUNSEONY
o the BU J]-")U 'I;::(ﬁ levels (European Commission DG Climate /\(uu::
i per cent h(),mn‘ ‘s‘incc 2005 levels are lower than 1990 levels, the 4
e m“}pdn%m?! 1o¢ - 2020 was actually a 14 per cent decrease
¢ cent reduction since 1990 for 202 sioisah: 55 e o lofiy weal
! Hjn{,{)g (EUR-Lex 2009). This 2030 comumitient 1s quite
from 20008
e tl't‘lld_s(é s an overview of GHG emissions by sector in selected
i:igl.lfc 5'1295;)0\111”;; ;:rqesc share of these emissions mnsistc‘ntly{c-:n;lm.ln:":|
) Sk G the sectoral dynaniics of emision:
rom thc cncrgy_ SUPPI.Y‘I:VS:(::;:ltn;(;;lttl]s;;':g, trade and coust.ructiunr il!usn.ur
Bdenan, thc 1cdé‘°_t1_(’il-l the domain of Germany’s industrial -"’l“‘““l“‘"““"'
decaonision X Cfm other OECD countries, emissions were even shyghtly
Mm’ COl-ltmry t()ﬂllll‘:“:i{ sector, :mmbly in road transportation, w“.“-h 1 aird
mlfuced i the tm;‘lsF (thcl(;cnmn automobile industry — the kL.‘y 111{!}|xt:v u;
egicilly rc]cvavzlt “ riented manufacturing sector. Higher g‘dSO]'“}' p1 ";‘"‘ A
the .Gcrmall Ch.p('m;(())fthc so-called cco tax and energy stand:u"ds m‘tln ..n.m'r |
i {:Ilplcmti::‘t(;:]l;;cd a major role in creating related incentives for cnerpy
illl;)]t:;t <1\1L1 the way through the 20005 (OECD 2011b).
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Figure 5.2 German GHG enussions by sector.

Source: UNFCCC Data Interface, 2017.
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The same pattern holds for sectoral carbon emissions (Umweltbundesamt
2012). However, as outlined above, recent data on carbon emissions under-
line setbacks, as the trend of decreasing GHG emissions has been slowing
down. The rise of carbon emissions results from an increase in coal burning
and it is lessened only slightly by the impact of a parallel increase in renew-
able energy replacements (Umweltbundesamt 2013a). This development may
be viewed as the unintended outcome of the Enepgiewende — the ‘energy turn’
project discussed below. However, the revival of coal in the energy mix of
the German economy is the key challenge for future efforts on emissions
reduction (Umweltbundesamt 2013b). Relations between carbon emissions,
stationary facilities of industry and energy supply in Germany confirm the
trend of carbon emissions reduction, which is intimately related to the activ-
ities of energy suppliers (Umweltbundesamt and Deutsche Emissionshandels-
stelle 2012),

Patterns in the generation of electricity during the 1990s and 2000s
provide further evidence for changes in the specific mix of Cnergy sources.
Germany’s electricity production has been shockingly carbon intensive. This
is due to a relatively high share of fossil fuels, in particular coal, in the energy
mix. Levels of coal use are considerably higher than the average levels in
other European OECD economies (Egert 2011). Sull, the largest shares of
electricity generation that came from both brown coal and stone coal declined
from a share of 56.7 per cent in 1990 to 44.2 per cent in 2012, From 2011 to
2012, however, the percentage of clectricity generated from coal rose again
from 42.8 per cent to 44.2 per cent, while the share of nuclear energy was
reduced from 17.6 per cent to 15.8 per cent in both years, remaining way
below the 1990 level of 27.7 per cent. During the same period from 1990 to
2012, the percentage of renewables in electricity generation increased contin-
uously from a level of 3.6 per cent to 22.6 per cent (Arbeitsgemeinschaft
Energicbilanzen 2013). In 2016, shares of energy types in gross clectricity
generation were: brown coal 23.1 per cent; hard coal 17 per cent; nuclear
13.1 per cent; renewables with a share of 29.5 per cent, of which wind held
12.3 per cent, biomass 7 per cent, and solar photovoltaic and geothermal 5.9
per cent (BMWi — AG-EE-Stat 2017).

When it comes to the expansion of renewable energy in Germany, results
are outstandingly positive and have taken off in a most remarkable manner
since the mid-2000s. The corresponding pattern of transition resembles a
process of technological substitution driven by the entry of new firms and
actors challenging the incumbents. This has been possible because clectricity
technologies in Germany are represented by small-scale decentralised actors
in onshore wind, solar photovoltaic and biogas (Geels et al. 2016). Figure 5.3
outlines the generation of electricity from renewable energy sources in
Germany between 2004 and 2015. The share of electricity from renewable
energy sources in gross electricity usage accounted for 9.4 per cent in 2004
and continuously rose to 30.7 per cent by 2015, in fact exceeding the share
present in the EU as a whole, despite having had a smaller proportion of

% of total electricity usage
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Figure 5.3 Share of renewable energy in electncity.

Source: Eurostat, 2017.

renewables in the energy mix just over a decade prior. The EU 28 has also
seen significant growth with an increase from 14.3 per cent to 28.8 per Eent.
This expansion is mirrored by German renewable ClCCti‘iC.lty‘ generation r,apa—1
city and not just usage. Between 2000 a.nd 2015, Cf)nventlona! capacity stayed
roughly the same from 100 to 110 gigawatts.'rl otal rvncwables, howex.rer!
accounted for an increase from 11.75 to 97.92 gigawatts — with ons];gre wind
increasing from 6.1 to 40.99 and photovo]mif:s from 0.11 to 39.7 glgawatts..
Indeed, during the 2000s and 2010s, electricity fron_l 1‘ex1ewabl‘es has almost
reached the total gigawatt level of conventional capacity (SMW1 2916).
Energy consumption also provides a rather _pomt?vc picture. Figure 5.4b
illustrates Germany’s primary energy consumption since 1990. Notably, ic
level of primary energy consumption was reduced by over 10 per cent dm—]lﬂﬁ
this time despite significant GDP growth, vx.rhe.re:as the performa_nce Qf t e
EU 28 proved less convincing, with less significant decreases in prmmiy
energy consumption. The fact that renewabie§ only account for ro‘ughly om_—
third of energy consumption, despite much bxgher shares in electricity gene;~
ation capacity, is due to the fact that wind and sola.r_ power are ().n y
temporarily available under given environmental COIlfilth‘n-S mn G_ermany
(BMWi 2016; BDEW 2016). In terms of resource sustal‘nablhty, similar pat-
terns hold for energy intensity in Germany, defined as primary energy supply
over GDP. It decreased in a manner that was well above the OECD average,
thus standing out as a success (Klein 2012). Mirroring the_se developnwn}t.\:
Germany’s resource productivity, defined as gross domestic product to t'l.l
domestic use of natural resources, has improved throughout the 2().()()st Figure
5.5 provides evidence for these efforts that parallel related patterns in Europe.
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Regarding the combined industry and market structures, it is worth notin
that the liberalisation of.the electricity sector in the late 1’9905 happened ig
tl?e context of a system of monopolistic structures. Specifically, there were
n11.1.elvertically integrated, strictly regulated and regionally demaécated public
utilities, accompanied by a set of regional supply companies and municipal
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Figure 5.5 Resource productivity.

Source: Eurostat, 2017,

utilities. The result of liberalisation has been a distinct set of suppliers that
form the oligopolistic structure of Germany’s current energy supply market.
These ‘big five’ energy suppliers are RWE, Vattenfall, E.on, Evonik and
EnBW. They emitted a volume of 240 million tons CO, in 2011. In relation
to the total volume of CO, emissions of 351 million tons, this amounts to a
share of almost two-thirds of total emissions, predominantly caused by brown
coal power stations in Western Germany. Moreover, with approximately 107
million tons of CO, emissions in 2011, RWE alone produced by far the
largest amount among Germany’s ‘big five” and it is also a leading player in
the European market for energy supply. The operations of the other firms
have been recorded as: Vattenfall emitted 73 million tons; E.ON emitted 38
million tons; Evonik emitted 13 million tons; EnBW emitted nine million
tons. In comparison, all the emissions of Germany’s joint venture power
plants, operating on the level of local authorities, amounted to 15 million
tons (Umweltbundesamt und Deutsche Emissionshandelsstelle 2012). In view
of the challenges of innovation in energy markets, most of these large sup-
pliers have diversified into renewable energy supply since the late 2000s and
have set up new divisions: RWE Innogy, Vattenfall Europe New Energy,
E.on Climate and Renewables, and EnBW Renewables. However, their
activity in Germany has so far remained marginal.

The observed pattern of industrial concentration in energy supply parallels
the spatial differentiation of carbon emissions across GGermany. Regional pro-
files of energy-related carbon emissions, which are produced during the con-
version and use of energy, underline that the Nordrhein-Westfalen region
stood out with a share of almost one-third of German emissions in 1990, fol-
lowed by Sachsen, Bayern and Baden-Wiirttemberg. During the 1990s and
2000s, all Bundeslinder (the German name for these regional subdivisions)
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exhibited 0 more or dess pronounced decline m cabon emissions. In
Nordrhem-Westfalen, the hotbed of Germany's carbon- intensive industry,
these changes were comparatively modest. This reduction of emissions shows
a distinct East=West differentiation after reunification. Indeed, carbon cmis-
sions in Sachsen and the other Eastern German regional states have been cut
by about 50 per cent during the two decades since 1990. Regional levels of
process-related emissions, produced during the use of energy for the purpose
of industrial production, also show a decline in emissions. The most impres-
sive efforts are recorded for Nordrhein-Westfalen, a core industrial area of the
German economy that has been shifting away from its basis in the heavy
industries (Linderarbeitskreis Energiebilanzen 2013).

German eftorts to reduce carbon emissions need to be evaluated in the
context of the extended industrial basis of the German economy, with its
specialisation in manufacturing industries, such as automobiles, and its con-
tinued use of coal as a politically shaped energy source., Both of these arcas
are crucial to the issue of decarbonisation and German efforts to reduce emis-
sions tend to take place in a challenging and highly politicised industrial
context. However, as the de-industrialisation of the former Eastern Germany,
following reunification in 1991, is included in the data profiles, 1t needs a
more concise interpretation of the general data. A large proportion of reduced
carbon emissions may be due to the effects of industrial change related to
market-oriented systems transformation in the former Eastern Germany.
These are set apart from strategic concerns and concerted policy efforts for
decarbonisation. During the 1990s, 50 per cent of the reduction of carbon
emissions occurred thanks to the restructuring of the East German cconomy
as heavy industries largely broke down. Quitsourcing of manufacturing indus-
tries to Eastern Europe also contributed to this effect (Weidner and Mez
2008). Obviously, Germany is no longer going to benefit from these one-off
reductions. As the overall trend in the reduction of emissions has been rather
promising so far, it remains to be seen whether future developments keep that
pattern, or whether it is going to be halted or possibly even reversed.

A major challenge comes from more immediate emissions reduction
requirements, which task Germany to reduce its emissions not covered by the
European Union Emissions Trading System a further 14 per cent by 2020, as
compared to 2005 levels. This target is set by the binding regulations of the
Eftort Sharing Decision within the European Union. The latest data actually
suggest that Germany is currently not on track to meet this target. Projections
of emissions scenarios indicate that Germany will only meet its 2020 Effort
Sharing Decisions targets if additional measures are implemented across the
economy (Donat e al. 2013). This buttresses the recent report by the
environment ministry that current measures might be insufficient to meet
the challenge of the even more ambitious 2030 Paris targets, embodied in
the 2021-2030 Effort Sharing Proposal with current policies. However, the
implementation of additional measures relies on a political agenda of the
major players — which is currently the subject of debate on the potential for
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further emissions reduction to put a4 damper on the competiveness ol
German industry. So far, it seems that the Energiewende - thg SO l."I“l'd cnergpy
turn, with its phasing out of nuclear energy and its menntnAm. of I'.l‘lll“\’\.’:lll)ll.‘h

has successtully promoted the latter. Yet, counter to .ltS original intentions,
it has also been pushing the use of electricity production from brown coal,
which has reached its highest level since the early 1990s, while the share of
gas-fired power has been declining. Germany’s prominent use of coui.;ax an
energy source continues to mark its position as t.Ele economy with the high.(‘.\(
per capita carbon footprint in the European Union (Rhys 201;&). A nct.vﬂvu
of this confluence of energy factors has been a short-term merease in ll.w
emission of GHGs. The political dimension of this problematic scenaro
becomes clear when it is put in the context of Germany as the World’s Largrest
miner of brown coal, with a regional concentration of mining in Nmtdrhvm
Westfalen, a contested battleground for all political parti?s ('I"he Lconomist
2014). In order to understand the institutional ;1spects.that 111ter11r.1k thv- eco
nomic and political systems, and their role in shaping the trajectories o
transition towards a low carbon cconomy, it is useful to reference th.o vart
eties of capitalism approach. This analytical approach addrcssgs the German
model of capitalism with its decidedly associational and relational modes ol

L'O()I'diil;lti()n i

An outline of the German variety of capitalism

[n the varietics of capitalism tradition, Germany bcl(?_ngs in Vthc (iMl-‘. it

cgory. These ecconomies exhibit a dominant p;utcmlot strateglc c:onf'dm.muu
through investment i specific assets. The strategic bchavmm‘.ot frme
coordinated to a much larger extent through non-market mechanisms than m
liberal market economies (LMEs), such as the United States or the l‘lnm-ni
Kingdom. This incorporates long-term company hnancc,. cooperative e,

trial relations, high levels of firm-specific vncatmnal. training in support ol
technological learning, and inter-firm cooperation. in tcc.hn‘ology transler

Firms in CMEs are said to prefer incremental innovations within stable orpan

isational settings, based on consistent skills upgrading, lpng—torm L apital
investments and cooperative labour relations (Hall and Soskice 2().().1: Soskic

1994). An important implication of this vic.w on cpmple11‘1ent.;1r1lu-n. v that
viable policy change must be compatible WI.th existing 1:1.st1tt.1t1(>n;1] pattere,
that is, they must be incentive compatible with §11¢ C()Ol‘dl[’l'fltl()n u.wc'h;un'.m-.
of the prevailing political-economic system. This mcludes its particular bean
towards market, or non-market, coordination. The predominant dynanusin
of institutional change is predicted to be incremental, for it needs to contain a
wide array of linkages among the institutional suh—systems. Accordmp_ly, pro

ponents of the varieties of capitalism approach consldejr those cconomies that
are situated between the poles of the liberal and coordinated varieties ;l\llu'illp_
less efficient than the pure types. Despite nmrket-or}cnted reforms in the
latter variety, coordinated types are not seen as fragile. Thus, there w no
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political system implies that institutional changes are predicted to be inere.
mental, involving relational decision-making through industry associations
and civil society.
This holds for the hybridisation of the German variety of capitalism, which
15 a result of reform efforts driving a flexibilisation of the institutional con-
straints on business strategies since the early 2000s. For instance, the local
flexibilisation of wage bargaining, industrial relations and labour market regu-
lations, all contribute to 2 restructuring of German neo-corporatism in its
industrial core areas, which combines market and non-market elements in a
hybrid model of coordination (Streeck 2009). All this has contributed to a less
egalitarian outlook in economy and society. Still, the institutional core of
industrial affairs in German capitalism remains within the framework of a
CME, with a strong grounding in relational and associational governance
(Hall 2007; Carlin and Soskice 2009; Glassmann 2009). Also, despite reforms
to strengthen financial markets, Germany’s bank-based financial systemn differs
considerably from market-based liberal systems in the United States and the
United Kingdom. Most relevant global innovation has been propelled by the
advent of venture capital. The emergence of rather volatile stock market seg-
ments for entrepreneurial ventures in Germany indicates that institutional
transplants from a liberal variety of capitalism may be unsuccessful due to an
institutional mismatch (Vitols and Engelhardt 2005; Busch 2005). In conclu-
sion, it seems apparent that the German variety of capitalism is well character-
ised as a hybridised type of coordinated capitalism. One that combines market
and non-market modes of coordination, in accordance with the logic of
selective adaptation to ever changing internal and external conditions (Bathelt
and Gertler 2005).

The transition towards a low carbon economy is a part of these adaptive
efforts that are set to restructure institutional complementarities, in line with
the prevailing patterns of industrial and technological specialisation. This
transition to a new path of economic growth requires major efforts in techno-
logical innovation, which implies the introduction of new products and pro-
duction processes in an established economic system; a view that also
addresses the use of new sources of energy and increases in energy efficiency.
This puts the knowledge base of firms and the dynamism of entrepreneurship
at the centre of any analytical endeavour. Yet this ‘greening’ of national and
regional innovation systems is driven by strategic coalitions of change, whose
formation cannot be taken for granted — and which can be obstructed by
adverse coalitions. The structuration of governance regimes in the German
cnergy sector, provides a telling example of specific market and non-market
coordination features in the transition towards a low carbon economy.

As outlined above, German energy markets are oligopolistic, with the
largest shares being held by the ‘big five’ companies. In considering the
energy supply structure in Germany, it is imperative to address ownership and
governance aspects of the involved firms. First of all, four of Germany's ‘big
five’ — RWE, E.on, Evonik, and EnBW — are essentially German companies
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when it comes to their ownership structure ;md‘ rurp(.)r:lt%i l,u\;(lfiflu;l,ﬁfrz‘n;rh:;
implies that the illtunmtiuualisat.ion of la.rgc firms in ﬁ-“h rcrnzati{)n b;g
market is less nuanced than, for instance, 1rl1_the UK. This 0%1:: e
reflects the fact that energy supply has tradmonfilly been C(l)n‘?l ere y Zvati_
good, to be provided by public sector rnonopohes. Deregu ation ant }()) s
:;ation efforts, which have been prejvalent since the 1.9805 xn_rp:zs oreD
ccononties, promoted a more dynam’m a.pproach to busl{ness act}m ; o
international scope. While Germany’s big energy suppliers evo hve rEar};mt
in international markets, they still held a Eirm grip on theurc ome e !
E.on emerged out of VEBA AG and ‘VIA(T AG, two Qlajolx; ;:;::an e (;gry
suppliers. It is currently the largest (yerrTl-an cmn[l)agy.u.l“i eerk Agé La ke&;
RWE emerged out of R11einidsc.}1-'\X{:}sth'a{llskche;i e (tx;ﬁ?nig RWE, sk
German energy supplier based in the Ruhr . A ; E‘ ke
: company in the German energy sector. E}}BW, nergie
i;}:;):;—\;;ie::mber; A(B‘:, is the third largest company in the (vfl"l'l'la?ly gngeri,_z
sector. It is owned by the state gOVﬂl’ll]llanF andfreglon;;lll?;;i}tl::::;s :sdu:trieg
i org, Germany’s primary location for ma . tries.
giﬁf?::g;ed out of 3l:{uhprkol'll(-: AG, a major_compan_y in 'coal z'md l;i:l(:;lg
production from the Ruhr area. Finally, therc_ls a foreign (,(E;p;?;c Conf
the ‘big five’: Vattenfall, a statc-owped. Swedish con;pa,rlly.. l ,m:,emance
panies are subject to the kind of institutional legz_icy of re atffm. g d iy
and non-market coordination that is usual}y as.soc;lated w_1th]t ; -(,apl a e
eties found in Western Europe and Scan~d1{13v1a. Accordu.lg‘y, 1(')11(11‘3:;:~éduc_
of capitalism perspective, societal negotiations on lstratcglesl.t(.)tv;ri ;mam
tion of GHG emissions will be deeply en.tr.enched in the po 1{:1-&;] (f : m_cem
This is not to say that market competition does not gmttul . ’n. )?::;f ceent
regulatory initiatives have contributed markedly to ~thc 1'ntmln Ltu,t;(ldr reom
petitive market pressures in the German energy sector, in ;311 u; i
comes to the supply of electricity. Since 2007, the unbun mg_,t}:rr ;a;.conm
the appointment of an independent regulator, the B.und‘e..metlzagien r“,rhﬂe, con-
tributed to a slight fall in the market shares of the biggest p ayers, e inte
gration with EU energy markets further progressed 1}; a p())rc Obvz
competition-enhancing manner (Bundesnetza:gcnt.ur 2010). Even Egta] o
ously, market competition is quickly devglopmg in the C‘HVIFOI;!HJl . fm O.f
and services markets, which are of partn?ulazf relevanca,l to t (.f s
renewable energy. The entreprenet;ri:'al dr;lve ;)n Ctl}:e v::ailo (111:)1;:):11n l(::ntr::i i1
< industries, such as photovoltaics, has be .
Z;]ezflg la key aspect in its performance (Brachert al.lg- ‘H:}fllycrf;diililolgé
Remarkably, these entrepreneurial efforts .tcn(-i to contra 1c(t_‘ M]c3 p ictions
of the varieties of capitalism framework(i w1tt11) 1ti fk:iz}ai,hjimé " ;:;itutiona]
repreneurial initiatives, due ar
?:tiit::l;. (;ioiil;veli, the large proportion of thesc endeavours that an:; gzif;ﬂz:
implies that international market competition pu.ts c_1f1;m;qus P .regm:vﬁng
local firms. These domestic companies tend to face di 1c1.: ties u; [t)he‘ ving
their markets. For instance, the German export market share o g
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mathet i photovolties decreased trom over three quarters i 2004 o only
one-third i 2009, while photovoltaic equipment was increasingly imported
from China and Japan. A different picture emerges with regard to wind
energy with three-quarters of equipment bought in Germany produced by

German manufacturers, At the moment, the manufacturing expertise of

German industry still pays off (Klein 20123,

The relative success of wind energy also relates to historically rooted
political-institutional factors that shape the path dependence of electricity
supply systems. In the case of Germany, the prevailing multi-level supply
system has allowed for the evolution of alternative technological trajectories
at local and regional governance levels. This is best exemplified by the entre-
preneurial dynamics of wind power energy in Germany, whose small-scale
local dynamics are in contrast to more monopolistic settings in other segments
of the energy sector. These other segments are prone to lock-in effects, which
prevent path alterations in the transition to a new energy system (Sunmie ef
al. 2014). Consequently, it may be argued that the German production and
innovation regime, with its reliance on high-quality and knowledge-intensive
manufacturing, is set to successfully continue on its low carbon path. This is
fundamentally due to the multi-level and multi-actor bargaining processes
that are typical of Germany’s CME, for they allow for the seamless mclusion
of new interest groups and political parties, such as those cmerging from the
environmental movement (Geels ef al. 2016). In coping with the low carbon
transition, therefore, the varicties of capitalism perspective hints at two inter-
related factors. First, the dynamism of technological innovation in support of
a low carbon economy and its embeddedness in the institutional configura-
tions of the national innovation system. Second, the political making and
shaping of the transition towards a low carbon economy, which is subject to
policy interventions and interest group activities.

The ‘greening’ of the German innovation system

From the varieties of capitalisms perspective, it s commonly argued that the
German mnovation system is biased towards continuous learning and incre-
mental innovation. These are set apart from the types of radical change that
are driven by the disruptive introduction of new technologies, based on
strong science—industry linkages that contribute to the evolution of new para-
digms of knowledge. This modelled constellation allegedly reflects the
specialisation pattern of the German production model and its key comple-
mentarities. Chief among these are relational montoring in corporate gov-
ernance, bank-based long-term finance, a skilled workforce that is subject to
continuing training and education, and modes of technology transfer that
allow for cooperative relations framed by industry associations. The resulting
pattern of long-term coordination that combines market competition with
relational and associational governance, has been relatively successtul in past
settings of established technological paradigms. However, it may lead to

3 i n
Pransetion it sCTHHNT) | )

1 Toss of efficiency in the context of rapid and disruptive te l,lli“_]
compared to more fexibly adaptive and nlmrl.tmm m’.:: ;ll
(Harding and Soskice 2000 Hall and Sm‘ku"v 2001),
L s, German finms tend

rigidities
logical change,
oriented approaches ¢ :
When it comes to the underlying competitive str‘atcgu' Cemman funp Lo
to pursue a strategy of non-price com}fctltmn m -hwf“—.‘rl“ff,m.:m:l‘():m{(,;l'”n
on product characteristics and quality features. this is m‘u:ua.L y gro ded o
incremental innovations (Vitols 2001). In cftcct., the uuublnat;\o{n \() e l.
lished industrial skills and capabilities, alo.ng with new kllt).'\}v'](.-(';-_’.lk\()ll ,|‘.“|V
carbon technologies and their inuovativew ‘111.1}1;cmcnmt1l0n, llwi):sc:, a 'l:y (\l)l.llm
lenge for the German innovation systemni. This 1.I1C1leCS its ro‘L as a :1 :)): o
of the German variety of capitalism that consists of quite a number
})1a¥1;: main institutional actors in the German inngvathm systc-nln are .llhl;
Federal Ministry for Education and Research (.BMBF‘),. the FEd,CTJ l?/‘l:m‘..it:,‘
for Economy and Technology (BMWi) and othcr‘ Iinistry depa1t1m.n .s. l In‘ ,
deal with science, research and innovation on the f{_?deml kjvc], a‘ug‘;nl‘(‘nl:l( ,1:,
the regional ministries of the Bundeslander that retain kLy L.()Inpttl.l‘]lt‘tt. 1wuh
education domain. This actor ;1ssc111l'>lagf: ;1150. exhibits strong ‘;Icr. o
innovation policies at the European FC\fcl. The science systcn.] is W( .hl:!: |m..l
ented by the national rescarch association Deutsche I"”'-‘“"f“_”.‘3’5.‘."":”‘ ;;:-\.(”{ N.“”
related public organs of the sr:icmjc system such as th( [/l‘/fss_cﬂ-slc rc; \‘:thl.' .
profit organisations that run specialised rescarch institutes m’c UL..L] b
Planck- Gesellschaft, with a focus on basic 1'050;1::(]1 across tth }lgltLl.t.} .‘.1]1:\ ‘ ‘“.
sciences, the Helnholiz-Geselischaft, with a f:)cu.s on l)a.sm rc,\c.nu{l ,l,”_ l;
natural and life sciences, the Lt*ibm’:'-(;('sc'llf-rl-ng,fr, thh‘ its applxu; It .('l.tn-l
across the natural and social science disciplines, and finally the ll Fain ln:!':
Cesellschaft, with its focus on applied rcscarcl‘l ACTOSS tl.u‘ n;ltma];u.u l;( i In .]‘ |
ences. This last hosts the Fraunhofer Institute for I:Jf{c):fﬂ!lm)r: f’{c'sm.rc‘{ 11.1.l .Er[.l.u lll .1”,
which is a key player in applied tcchn()lo.gy ;m.d mnovation ‘r‘csL.\‘l.ttl‘m“::l;ﬂ.h‘
of organisations is engaged in partnerships Wth 1.1111\.fcr51tlcs. .(p“_(.(l)- ,““:, A
public ones) and the business sector, ;shapcd m oats Il]ll.()VatI‘(-)Fll\ ;u .““,I 1;.'“
both large firms and the Mittelstand of small- and medium-sized enterprises
(Ebner 2010; Ebner and Tiube 2{_-)()‘)). o » l y
Since the 2000s a number of key technological innovation poliy |" .
orammes have been launched. First, a pact for l;cscarch and ”.“]()‘l‘m“,”.“l, ;: i
;}Jr Forschung und Innovation, has run since 2.(J():> and was rchTJt‘ly cxtﬂc l.lll -h
until 2020, It provides governmental funding for 11(?1]-—1!111?\/1.“1(-\/ rest ,Ill
institutes and in its current phase receives a 3 per cent increase i :1.\ h”“|ml,,
(German Federal Ministry of Education and Research 2010) 1t

ach year nd R i It &
, ' llenzinitiative, which provides

meant to operate as a counterpart to the. Exze o ot proshis
additional funding for research and teaching C}fcellcpcc at se (Lt1 unive 1,. “‘”.'
The federal government’s High-Tech St{‘at&gy is designed to pL‘l.tj ) m.nu\!.i -
in new technologies and industries, which are expected to huiuml:l I:l Ipi, ‘1
in the future economy. This strategy has recently bccn deve ]”.p,“ |“,1“ u”
with an aptly named New High-Tech Strategy. This strategy has a ditin
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ceological hent, tirgeting the sustainable ceonamy and cnerpy as one ol six
prionty tasks (German Federal Ministry of Education and 1R esearch 20010 It

combines these concerns with “future projects” such as the decarbonisation of

cities, the broad-based use of rencwable energy and an intelligent energy
supply that uses smart grids. A further initiative geared towards innovation in
promising economic and technological fields, is the Central Innovation Pro-
gramme of the Federal Ministry for Economy and Technology, which is
meant to support the innovation efforts of small- and medium-sized enter-
prises. The Ministry of Education and Research governs a distinct Frame-
work Programme for Research and Sustainable Development, with a focus
on climate and energy issues, paralleled by the Master Plan for Environmental
Technologies with a focus on lead markets and resource efficiency in new
environmental technologies. Further progranunes with an explicit focus on
the support of technological change as a key force n the low carbon trans-
formation of the economy, relate to the Integrated Energy and Climate Pro-
gramme that has been running since 2007. Its key objectives follow the
European Union 20-20-20 goals. These include a reduction in GHG eniis-
stons by 20 per cent, an increase in the share of renewables in primary cnergy
consumption to 20 per cent, and ameliorating fuel ethciency by 20 per cent,
all to be achieved by 2020 (Leijten ef af, 2012: OECD 201 23)-

In terms of output, the regular set of indicators allude to the German
novation system’s strong pertormance in terms of a sustained output of
triadic patents (patents for the same product are filed at the European Patent
Oftice, the Japan Patent Office and the United States Patent and Trademark
Oftice) (OECD 2016). In terms of inputs, Germany has a shortage of human
capital in high-tech industries, an insufficient supply of private venture capital
and slow growth in knowledge-intensive services (Ebner and Tiube 2009;
EFL 2009; Grupp, Schmoch and Breitschopf 2008). The strengths of the
German innovation system, however, are still predominant. Indeed, it is safe
to state that Germany remains one of Euroepe’s most innovative economies.
According to the European Innovation Scoreboard, Germany is established
within the group of innovation leaders, with an innovation performance far
above the EU 28 average — although they remain the laiggard among those
countries regarded as innovation leaders, and in real terms performance has
declined relative to the EU by 3.7 per cent (European Commussion DG
Internal Market, Industry, Entrepreneurship and SMEs 2017). The share of
German gross expenditures on Rescarch and Development (GERD), when
compared to GDP, equalled about 2.5 per cent during the 20005, approach-
ing 3 per cent at times, and thus operating well above OECD average, with
both public and private research and development (R&D) expanding. From a
comparative perspective, this German GERD/GDP ratio is way ahead of
other major Enropean OECD economies such as the United Kingdom and
France. At the same time, basic research accounts for only 20 per cent of
overall R&D, far below the OECD average. This is exacerbated by the fact
that international R&D investment in Genmany amounts to just under 20 per
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cent i overall IRED efforts, 1 notably Tow e (OQ1CT) 20121)0 Moteave
data for pross expenditures on R&D by \\'l-(tll' ol perlorance e the e
2014 show that private business accounted for a strong; share of alimost twe
thirds of total R&) expenditures (()}*'.(fl_) 2(1]7)1 - |
The R&D profiles reflect patterns of indmijrul S-p{‘v.‘l‘;lll.'i;lllnrll in medinn
tech industries with a strong presence ofmanufuctun‘{x‘g md‘u.xtrwa. e can -‘ |
sponding pattern of revealed technology ;lr.iv;-mta.gg.' 15 (l(‘fll](“d‘(l.\ a ll-l.l'llll:ll\“
share of patents in a particular tcchno]ogy field divided by tiu unu;nly ' .” .‘u
in all patent fields” (OECD 2009). l_)lsrlng the .1t)<)().5 and -_.U(‘J( lx tl ”'.l A «lm
highlighted German advantages m manut;acturmg_ mdusmcs 'FTIZ!{II 4 ,M:,::
mobiles (Tylecote and Visintin 2008). More spgghca]]}{, tllL{thltl.l con nl
tions to GERD are predominantly based in t1';1d1t.1011;11 high-skill, Ilu;zln quality
industries such as automobiles, electronics, chemicals, pharmaceuticals, e :,
anical engineering and machine tools, whercas u.cwly cnw'r‘;v,m!-,‘ ,'”'r ul
technology industries like biotcchnology. are compareltl\‘fc}y Ulu.it’liv]nl".l lrm . |
The same applies to services at large. This assessment still holds despit |‘- Cen
advances in technological niches, such as nanotcchno]ogy'.md (-nnl:-"-:lul
mentally friendly technologies (Legler, Kl.'awczyk and  Leidimann
Rammer ¢f al. 2004; Prange 2005). When it comes to the tr;!n.xlm ol new
technological knowledge into productive uses however, lthv (,f-nm.m e -.lu‘
between R&D and manufacturing seems to generate positive stinuli tor the
introduction of low carbon innovations that drive the transition path towards
a low carbon economy. Building on these cxist_ing skills and l-.I]LIIIIIIilI"a i
competitive industries provides the foundations for a t‘eclnmln;.'_g.al lI.IIf'.lI “i;“
that is set to establish new comparative advantages m an (i|1v11c)|x|:|«:;|.| \
friendly low carbon setting. The institutional set-up pt the (rL-lrlln.lul ”,l,“‘“\ .I
tion system has maintained a focus_ on supporting innovation |-n .|| STy ;
consortia among large established firms. | Uus is reflected by 1|.u n|u|»n|-;
tendency for public institutions in scientific l'cs'carch to be mmir |1|I.|n|.||- \I
connected to the R&D facilities of large enterprises. thrcz.ls entrepic :n| i |..|
spin-ofts, which tend to be highly relevant in newly emerging s lm-sn »t,,':,l,ll'
industries, remain comparatively underdeveloped (Belitz and K”I,l :I
Thus, the bias towards mature industries in tl?c German m()dvllnl 1l|\|f=-|'isln ‘
quality production may obstruct .::ntrepl:cnmn.'mi 5(31‘F—up dyllll;untlf .\,.\'\: |uI :l ‘ctl
typically most relevant in new ll]LiLlSEl;lCS with a high leve o Ill‘\\ |.| i ‘
entrants (Sapir et al. 2003). Indeed, German %mull and mcdmm- u.n‘l s
(SMEs), and especially entreprencurial new firms that could mp,pl_u 'I|1AI‘“'|‘,
radical innovations, are lagging behind other more entreprencurial ¢ |
economies. During the late 2000s only 7 per cent of. patent.s were hiled In.l
firms less than five years old, half of the corresponding US-shire (€214
2
o l]il):)-ethclcss, evidence on new know]cdgc—ba;cd il}dustrivs. .\'l.ll|l .r.i I-mI
technology, suggests that CMEs may provide a niche for thqv scienc m,l '
industries as a result of cooperative rescarch ;md' cmnnwrcnﬂu.a}um Apre
ments between firms, universities and non-university research institutes (Ko
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and Tengwiler 2008 Kaser and Prange 20040 T biote hinology, Tor mstanee,
this nay hold more tor arcas that are spectalised plattorm technologies, and
fess i the high-risk domain of rescarch in therapeutics (Casper and Keteler
2001; Casper, Lehrer and Soskice 1999). Therefore, the distinet style of Ger-
many’s CME does not preclude entreprencurial dynamics in general, but does
seem to delineate certain niches for thriving entrepreneurial activity (Ebner
2010). According to the methodology of the European Commission’s
Innovation Scoreboard, there are positive signs of a German entrepreneurial
turn that should be taken into account. Germany is well above the EU
average regarding the sheer number of SME;s innovating in-house, SMEs
with product/process innovations and the average R&D spending among top
R&D enterprises (European Commission DG Internal Market, Industry,
Entreprencurship and SMEs 2017). At the same time, young high-tech firms
in Germany are mainly financed by cash their flow and their own resources,
as venture capital fimancing is comparatively underdeveloped (EFI 2011).
Thus, it is fair to state that the evolution of cooperative relations hetween
research institutes, large enterprises, new ventures and capital providers will
be decisive in the further greening of Germany’s production and innovation
regime.

Germany is considered the economy with the strongest record on green
mnovation in Europe, with a performance that is in the upper range of
OECD countries, particularly in the domain of environmental technologies.
Germany excels with an innovation score that is well above its revealed com-
parative advantage. In terms of industrial specialisation, the pattern of green
innovation in Germany holds in particular for motor vehicles, with a green
mnovation score of 2.2 and a revealed comparative advantage score of 1.2,
The domain of ‘parts and accessories for automobiles’ comes with a green
innovation score of 1.6 and a revealed comparative advantage score of 1.5;
whereas ‘other fabricated metal products’ stands at a green innovation score
of 1.6 and a revealed comparative advantage score of 1.3 (Fankhauser ef al,
2012). Thus, in terms of green innovation performarice, Germany’s key
manufacturing industries, such as automobiles, perform most impressively.

German input indicators for green innovation depict a mixed performance.
The share of public R&D) expenditure in the relevant ‘green’ domains of
‘control and care for the environment’ and ‘production, distribution and
rational utilisation of energy’ in total public R&1D expenditure has been
negligible, amounting to about 3 per cent on average all through the 2000,
Still, this is above corresponding expenditure levels in the United Kingdom
(Aghion, Veugelers and Serre 2009). Moreover, the general tendency has
been for expenditure to increase, R&D in energy and environment as a per-

centage of total public R&D expenditures in 2011 increased to a moderate
level of 7.1 per cent (OECD 2012a). However, in assessing R&D data, 1t
should be taken into account once again that German industry is not special-
ised in high-tech segments with gargantuan R&D intensive activities. Rather,
German manufacturing industries are predominantly active in medium-tech
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tor they will be related to more 1II|U"IIII.I| pro i'lll-ltl‘\ of |v.n’1|[|F|;;.]l}:,f“|'l::|"|:.j-,‘ -
The performance profile on the mput side of tlln- l[il?u\.l‘ 10 _‘ll lw ‘,”””
responds to a mixed specialisation on the output m,h“ (|.~.-111_Lc|sqn:m “il‘“ 4o
ing activity. The same caveat as with R&I) as an uum\rl.nu_m mi o ‘.”“
;1p‘plicx. Namely that patents may not show. the true leve .!nt o]ul‘E j] “.l '.l.l ,
sequence of slow and incremental change in u.wdmm Lv; 1:;{(]}70“,\)—][1l”“.(|| "
ing patents. Green technology patents .durmg the | _{‘J(A s( .“.\-!::.“W "
fbilowing country shares and specmlfsatson p:tttcms“ t.m -L: 1.¥ “;l e
German contribution to world patents tor energy gCTlL‘.lmltl(‘)1]1\-’\i’flii\ ‘.“(|m N
of total global patents, which amounts to a clem-u‘:Fl .\PL‘(]{.[] ,;‘.h.” ki
German share for transportation was at 31 per c.cut, }Vh](_j ]1..\“‘1 s N ,;I\,“”“
cator of industrial specialisation. Another domamﬂ of spcufx u,illt.ltv;nt‘l”:] o
mental management with a 13.1 per cent shar'e..(wcrnla‘n_ylapp 1e¢ ’;li LKL
cent of total patents in technologies for emissions m;ngai;()‘u, \.A., ([«,H,I{ .)““l
indicative of related specialisation cﬁ‘ort:s (OECD 2()1{‘1). ‘Ltv;u‘ Ll 1‘ o
2007 the relative strength of Germany m green patenting coul u( & .” -
asr follows. On average, 15.2 per cent ot patcnts ()ngmath hﬁ;)‘nll If(””‘ Ih,l,
amounting to half of all European pa@nts_ in that scgmc:]lt‘,l :m‘( .‘l l“‘:‘;”l}, "
same level as the United States witlj its 15.9 per cent, w 1]1 ,L,f](j};;]|“| )-. .hl .'“(”
as the global leader with a share of 29.7 per CL.‘[-]t (V‘cugt. u-a‘.;‘wﬂ;l(. N.“ ”
Germany was the third largest producer of trmdu_patult‘s ’m I]LAI‘ Ll- ).m o |,;
sources; it also ranked third with the Anus_ubcr _of‘p‘;ltcnt apphcatic
nologics related to climate change mitn_sgaufm (()_E( D 2(.)1();T).‘ I
A related overview of the QOECD ranking of the main pclttl()‘l‘l.l. gee
in clean energy technologics from 1988 to 2007 shows th,a-t 'L]_”;;:llll?h',“__
the rank of third overall in performance among clean .(?nu.g.{yilit " EI,“‘
Jeading in Europe yet well behind the glc)b;?] lcuclier J'd!;)cl.li.di‘lf- ‘m ;‘.( |”“l',”!_|
Uuitv;i States. In particular, (1L31'111;1n.1';mk1ng,r.s in the (,]~V.(_ng_1 " ‘“|.|.|
fields under consideration are: third for solar ph()tﬂVOlel}.}\, !IT\/ ‘h.m.‘
thermal, first for wind, second for geothermal, second foﬂ] 1yc f‘u III..l“” I
second for biofuels, second for c;l.rE)onA capture, .fourtl.l ?{)‘1 .cl,llln n:l!( ;.”"\.‘;.‘“
ranks, and third for integrated gzlszht.:utmn L‘()lll‘bll’lc‘d‘h(_yt]L.r. .xl::“'h -
industry is most prominent in areas of .clL‘Aan energy tt‘(', 20 [)}UL ,‘,””'H,”““
thermal and wind, accompanied by snnllariyrgjro.od ran m%,s m " e
biofuels and carbon capture (OECD 2(}1.2;1). This asscsgnun’t 1‘\1 m. b
calculations that depict German comparative technology adv.u_]u{_{fla “:h'; ok
innovation between 1988 and 2011 as a 111:¢1|'kcd pattern olf l.n ;m]” ‘;l.;“ )
advances in the arcas of solar thermal, wind, geothermal, am ‘ :
rugelers 2011). , ’ |
(V'",]L«llris positivc)pc_rﬂﬁrm;mcc persisted during th_c 20.1()‘.9_ ‘[nfl %UI{{ I.:::::l:tl;n:‘a.ln.
from Germany held half of the Europcan patents in clmmt’:_l ]L‘M‘lu_..t " ll:;.m."“
technologies — with German p_ct‘formancc in the re{)cwa;_; ‘l.]lll ll}l:‘;“1 gy
four times higher than that of scu'md.ranl.ccd Framc_. wn tN; s e b 10 i
domain of road transport technologies is cven higher. Major Gern
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inventive businesses in the field of climate change mitigation technologies are
Siemens and Robert Bosch — with Siemens dominating the field of clean
energy technologies (EPO 2016). When it comes to patents in renewable
energy technology, patent registrations with the German Patent Office indi-
cate consistently strong performance, with solar and wind comprising major
segments. In 2013 more than 900 patents were registered for solar photo-
voltaics, while about 800 were registered for wind. Crucially, as indicated by
the German Patent Office, the newly established legal framework for the
support of renewable energies may have played a stimulating role in this
regard (Morris 2014),

The dynamic setting of green innovation is also reflected by the market
performance of green-tech firms and the overall profile of green investment
in Germany. First of all, in 2011, German green-tech firms attained a 15 per
cent share of global markets for clean technology and resource efficiency.
These firms represent a booming global industry, which has already seen
major increases in market shares in the preceding years from 2007, with cor-
responding increases in growth projected for the forthcoming years (BMU
2012). A technological take-off for wind energy was recorded for the 1990s,
while solar energy took off in the early 20005 (Jacobsson and Lauber 2006;
Wong 2005). These developmental dynamics of green-tech industries in
Germany feed upon the established knowledge base of the economy, with its
set of industrial skills and capabilities in manufacturing. This is augmented by
the science and technology infrastructure of the German innovation system.
An example is the evolution of competitive advantages in the industrial
domain of wind turbines, which has developed from existing expertise in the
related industrial domain of high-precision machining. This field is notable as
a particularly outstanding area of expertise in the quality-oriented German
production model (Huberty and Zachmann 2011). This view of the form-
ative role of manufacturing industries is further corroborated by re-examining
the spatial dimension of green innovation in Germany; that is, its geograph-
ical concentration in regional centres of green innovation, the states of
Baden-Wiirttemberg and Bayern. Both are also key locations for the most
competitive branches of German manufacturing industries,

Germany still holds its place for the highest volume of small distributed
capacity investments. Yet investment in low carbon innovation requires the
availability of adequate financial resources. When it comes to the types of
finance that comprise green investment, the most usual forms of asset finance
are small distributed capacity, public markets and venture capital — private
equity can also be taken into account. Germany is ranked behind China and
the United States with regard to the overall volumes of green investment in
2012, with these two economies possessing especially pronounced investment
capacities when compared to their global counterparts. In comparison to most
other major economies, Germany is characterised by green investment in
which small distributed capacity makes up the largest share, more than asset
finance, venture capital or public markets (McCrone ef al. 2013} Al riihlic
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credit facilities play a considerable role in the allocation of Ioan§ and relatﬁd
financial support for the use of renewfal?le_ energy and envufmmentay
friendly technology. A highly relevant initiative is the Markranrglztprogn:;nlr)n,
which provides financial incentives fo_r green investment. Ac{limmlﬁere thi‘);
Germany’s third largest bank, the public Kreditanstalt fur Wie erau 7;1?1,t (s
programme provides low-interest loans and grant support 1tob mﬁa asmln
using heat emanating from renewable energy in r?stdentla ui lmg.. ;
effect, it contributed significantly to the expansion of techno ogically
advanced heat networks with reduced carbon emissions. In 2012 the German
government increased the financial volume of the programme, with a foculs
on solar thermal power, biomass installations and heat pumps (Donat et al.
201"?1)1-6 innovation dynamics of the low carbon transition in Germany are ;ﬂsg
well developed in terms of lead markets. A_ltOgether, ﬁ\'re lead marketf? W(liti
distinct submarkets can be explored. These mclmljc: environmentally fr;en. y
energies, with the submarkets of renewable cncrglcs‘apd st()ragebtc_cl};}o ogleszi
energy efficiency, with submarkets_ of energy eﬁmmncy of u'1 m{?s zjmt
efficiency-oriented technologies in industry; sustainable water m.n"j.alg.um,n]i
with submarkets in decentralised water management and %-fHuent isposal;
sustainable mobility, with submarkets in alternative propulsion technologies
and environmentally friendly infrastructu‘re and transport Amanag‘cmgn}:
systems; and the market domains of recycling, sustam:ablc ag‘ncult.\_’lmI w;;;
organic farming and green services with a focus on sgstamable fmam,ftf. n : s
prbﬁic, the highest shares are taken by the domains of energy e‘ u:llenc_y,
environmentally friendly energies and energy storage and water man:igL;}é(;rétS.
All these green lead markets combined amounted toa market vi_)lum_u, 0!. .
billion in 2011; this comes close to the automobile scctor,_ Germany’s lea
industry, with its 351 billion volume. Yet the future expansion of t%x‘ese new
green markets on a global scale is not only determined by the Lg(?llomli
factors of private sector supply and dcma.nd, but also by g0vem¥n‘ent ;upl‘:)odr
concerning the actual use and consumption of green technologies and prod-
ucts (Kahlenborn et al. 2013). . ‘ e
Policies in support of the greening of innovation activities arc su ject to
the interventions of diverse economic and social interests, Whlch may su{;pgrt
or hamper an innovation-based low cgrbon transition. En\.nronme-utél po 1c1}<1:s
may be viewed as one of the main drivers of innovation in low.lcar on tf(:ic -
nologies, as they create a nced for abatement sol.utm!}s whledpro‘lu 1ngf
market opportunities to innovative firms. Also, the daffu31on and a Of.lt-l.()n o
these new technologies benefit from implemented cnv1r0nmcx-1ta] policies, as
demonstrated most convincingly in the German case ‘of policy S]’JPportht,n
renewables (Johnstone et al. 2010). However, mdust'rlal interest coa]:t{ons t at.
involve firms, business associations and labour unlu')ns, may' have Lonce‘rns
with the costs associated with a low carbon transition. Thc1r a.lpprchensu.)n
revolves around seeing these costs as posing a danger to mdust:.nal competit-
iveness This can hinder further advances in emissions reduction, although
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these advances could have provided dynamic incentives for further innova-
tions. As the German production model seems to favour incremental change
along established technological trajectories over the setting up of new traject-
ories, the matter of static versus dynamic competitiveness also alludes to the
quality of innovation at large. The introduction of hybrid motors and electric
motor vehicles is a case in point. Key inventions underlying these technolo-
gies have been established in Germany, yet German automobile producers
have been reluctant in recent years to push for corresponding innovations. In
this context, emissions-related interventions by the German government on
behalf of the automobile industry proved to be counter-productive. They
may have been in the short-term interest of an industry that is focused on
tuel-based engines, yet they preclude incentives for long-term innovations in
non-fossil fuel technologies (Ruhkamp and Rossbach 2013; Lamparter et al.
2013).

The international dimension of these issues is exemplified by the prevailing
difticulties with solar energy. Major German firms have been rethinking their
subsidised activities in photovoltaics, in part due to competitive pressures
from subsidised foreign competitors, in particular China and Korea. A case in
point is the decline of Saxony’s ‘Solar Valley’, with its low carbon technology
cluster (Schultz 2012). Then again, one can examine the current revival of
coal power plants in the new low-emission technology environment, which
has been created based on well established industrial capabilities and promoted
by large enterprises such as Siemens, which is a key player in German private
sector R&D (Fuchs and Wassermann 2013; Pahle 2010). With this revival of
coal as an energy source, some of Germany’s big energy suppliers, such as
E.on, see their envisioned expansion of low-emission gas power plants (which
had been singled out as future substitutes for nuclear power plants) as endan-
gered. Other suppliers, like RWE with its extensive activities in coal, tend to
benefit from these developments. American exports of coal and gas have
pushed international prices for coal into an even steeper decline than those
for gas, which provides further incentives for the continued use of coal (Stelt-
zner 2013).

In other words, both national and international policy actors, with their
particular strategies, take centre stage in the making and shaping of a low
carbon economy. Following the analytical framework of the varieties of capit-
alism approach, the analysis now turns to the influence of associational gov-
ernance, which complements regulatory governmental influences in
Germany. Concerns with the degradation of the environment and the chal-
lenges of climate change are well represented, yet are also persistently con-
tested. This happens through coordination efforts by both business associations
and labour unions, with their particular interests, as the forces that determine
the actual dynamism of the low carbon transition (Mikler 2009, 2011).

Transition in Coermany 157

Policy actors and strategies in the German transition
towards a low carbon economy

i : 's promi ition in the field of carbon emissions
The German economy’s prominent positior

reduction, and the expansion of energy emanatipg ﬁ*orp renewables dlli'l.l‘lg
the 2000s, is reflected in public opinion that considers climate cAha‘ng-e t(‘). ;L,”(l
policy priority that requires continued action (QBA 2010a). ?lus;s (_01151: L‘ "
with a long-standing pattern of pohq.(ﬁmakmg and Pub ic cli;Ff)Llrs o
climate change, part of an evolving environmentally 01:1ented po %LyAage:‘ (,1‘
from the 1970s. The oil and energy crisis of 1973 prov1dcd the ﬁ1s§ impetus
for economic-political concerns about the resource cfﬁ(_nencw{ .ar:;1 Sulst;ii‘l\l;l
ability of established energy systems to come to the fore in the in fust.r;a ;hth
world. The debate on substituting rencwable energy sources for 1.0551 uel
evolved together with the rejection of nuclear energy. Indeed, pub ic opp(l)s;;‘vt
tion to nuclear power became a political fgctor, w1t.h Qc:monstmt;;n; ggalfn.s
the building of new nuclear power plantsl n Whyl in 1. 075 an‘d ro U(')r‘. 1r;
1976, further fuelled by the nuclear accident in H;u'r1.sburg in the rcllltu
States in 1979. In the 1980s these protests continued with efforts focused on

' €551 ants i acke and
preventing the construction of nuclear reprocessing plants in Wackersdort an

Gorleben. The foundation of the Green Party i‘n ]98q provided this broac:—!-
based environmental movement with a strategic platform, one that W()‘ll(

criticise the use of nuclear energy as a mode of energy supply as-1 Prox‘lf, to
major uncertainties. This new social lllf}VCll.l'Cllt C(.nnbme(_i ‘antl—ntg(_]ear‘sfil‘l't;.
ments and the push for resource sustairm.blllty with a critique © : argtjild\:

energy systems and their lack of dcmo.cratlc control. .l:ncrgy fr(‘)m 1€1mwf1t. i
in contrast, was hailed as a decentralised, democratic 5111“1.11—5(.211? 3;6\1:1:1 nfc.t.
This position was further instigated by the € “hernobyl acmdcgt 1r‘1 f.t e U.Y]..‘!
Union in 1986. Crucially, these debates would parallel c;pupmgus or Illllf '.‘"‘

disarmament as organised by the peace movement. In this context, ‘a 51}?(‘“ |1
city of the German situation derived from th§ fact t.hat ‘11u.clc:ir power c- ic .ll“.:,,
play the same strategic role in national prestige as it did in countres i\m l.,
the United Kingdom and France. There were never nuclear ‘weapons l}uun'
German sovereign command, which giiVC nuclear pow.er a d;ffqem .pu I.Lu::
standing, making its use more accessible to economic rczl.sonlflg in ¢ .(1”,‘,

benefit terms. Even after the end of the East—West conﬁ*entatlox_l, dlltl-‘lllltlll .u&
protests continued, with demonstrations against the tramportaﬂon of nuclear
waste continuing throughout the 1990s andIZOOOS (K.le1An 20}2}). ()-1.1? mipht
add that the Green Party played a key role in transmitting civil society pro-

tests to parliamentary and governmental operations. This was also due to Ger:

many’s political system, with elections based on p.roportional‘ ern]s:tm!lm;::
that promoted the entry of the Green Party as a regional and nationa U‘tll ;
various coalition governments with both $0c1al Democrats and Conservi
ives, at times also including the Liberals (Bailey 2007). o 4
Set in this context, German debates on e_11v1ronmental ?()llt,y m}luc uﬂtt’
1980s approached a gradual restructuring of the energy mix, by cxpindiig



the share ol renewable enerey sources. ATt step towands supportive legal
tepulition of cocrgy from rencwables, was realised with a heavily contested
st law on teeding i renewables, Stroni-Einspeise- Gesetz StrliG. It was intro-
duced by the Liberal-Conservative Kohl government in 1990, four years after
the Chernobyl nuclear disaster in Ukraine. In its basic orientation, it took up
an initiative of the European Commission, which had been pushing for an
expansion of renewable energy. Originally, most policy actors did not expect
1t to generate major economic and technological effects, but this law provided
the institutional background for the introduction of the feed-in-tariff system,
providing a building block in the transition of the energy system. In par-
ticular, it provided economic incentives for the supply of onshore wind,
which would soon be dccompanied by regional industrial policies in support
of northern German coastal regions, framed by the competitive success of
Germany’s well positioned wind turbine builders {(Jacobsson and Lauber
20006).
The act on renewable energy, Emeuerbare Eneregion-Geset= (EEC), was
mtroduced in 2000 by the red—green Schréder government. It continued
with the established approach of using feed-in tariffs as 2 means of promoting
tenewable energy. Crucially, it formulated a legal framework for obliging grid
operators to prioritise feeding in electricity from rencwable energy technolo-
gies, based on a minimum payment for clectricity. Its design catered to
specific technologies, in particular onshore wind, solar photovoltaic and geo-
thermal, while outlining a long-term, 20-year time horizon in its financial
and legal support architecture. The advocacy coalition of this act included 2
broad array of socictal forces, mvolving environmental organisations, labour
unions and even industry associations from within the German manufacturing
sector. This effort at promoting renewables was soon followed by the Arom-
konsens, a formal consensual agreement between government and business
with regard to the phase-out of nuclear energy in 2002, This fulfilled a
demand for which German environmencalist groups, the Green Party and the
left flank of the Social Democrats had spent several decades struggling. Cru-
cially, despite the fact that the nuclear dustry was challenging this phase-out
i both legal and political terms, it was still possible to find some common
ground m a public agreement. Indeed, nuclear power had faced serious
troubles in economic terms for some time, not least due to the high cost of
risk management with regard to waste disposal. Thus, even before the red—
green government pushed forward with a plan to phase out nuclear energy by
legal means in 2002, the sector had been under constant criticism from
various political and business-related angles (Jacobsson and Lauber 2006).
While the grand coalition of Conservatives and Social Democrats did not
alter these regulations after taking power in 2005, the Liberal-Conservative
Merkel government overturned the earlier phase-out procedure following the
2009 election. Crucially, this did not mean that nuclear energy was reinstated
as a tuture component of Germany’s energy system. Rather, it meant a reart-
iculating of the phase-out process, for the red—green phase-out strategy was
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of nuclear power plants were extended by V('igv‘h! or Lb years - g L
when they were buile. This was ;u'rnullp‘.n.mml b){ @ new Lll]l‘l?:i‘if, (.(‘)Illl.c |‘” “
put forward the ambitious goals of achieving a ot 35 per cent s ].‘I'I‘L. o ni‘ |m |
able electricity by 2020, and 80 per cent by 2050. Mounting, l?llf 1:&;y] cos ;(.m‘.
questions of energy security were provided as key ;n‘glnlnvn‘t?‘h?n‘ ,t.i‘“. l; "
Yet these plans for slowing down the nuclear phasc-out \\’L‘HA 1; \t t,“. (. i‘,“l
the Fukushima nuclear accident in March 2(?11. Indeed, nttmvt ]};-il“.l(“-“.t.,;
German public opinion shifted lllzlS.SIYC[Y against 1'm.c~lc;u ,Pf)]‘.V(-l{- fu H:d(_“
Party won elections in the Christian .l_)cmocratl} thTt(ll]L' 0 ; -[.”””'
Wiirttemberg, which is a major region in terms ot modern manu .u.. zl,
industries and technological innovation, whlle 5111.1ultan§tou:‘;ly b‘c;n%ﬁr a ln; |ll\l\I’ll.“
champion in environmental affairs. The Fukushima disaster it'(.l Lntf.l‘:h:i "
adaptation of policy proposals by the Merkel government, :.'}111:)1 i(u : e
accelerate the phase-out of nuclear power, reversing its 2( O dec l‘\.llu U
increase the lifespan of nuclear power plants. After a 11101‘;1!:01'111‘111-71111 1|u' lk;I_
the shutdown of eight of the older nuclear plants, a_nd general seeun |ty li 1; ke
at all of the nuclear power plants, the (_;cr.m;m parllfm.lcnt votcd- ff” i de :u\:
tive nuclear phase-out by 2022, in line with the original red-green initiative
“the late 19905 (Klemn 2012).
o 't}?ltlildlt;(jxt rccc(nt eftort cozlccrning the pl)jlsc—out ofnucl?ar‘cn‘cr?cy_ shm:lf‘l
be operated in tandem with a phasing in ()f‘ clean energy. Filn.s ‘13](_1‘()17.[30’1.:'1“‘.
renewable energy as the new comerstone nf_ the energy supp y‘, ul;? u m;“,l 15
current prominent role of CImssinns—mtcns:yc L'()fl]. Bo,th, thc' pi‘l.li.\(‘ (:hw
nuclear energy and fossil fuels in the generation nf' l?](’{‘.tIIClty,.ldll-L‘ the | | .l.”'l
mn of cnergy from renewable energy sources, pt‘mmnly.0)1‘15-101} i\j&fl;:;:j r "
solar photovoltaics, constitute the so—c;tllgd energy turn, Fine r_qujwf HIC ; : .I « “'th
wende is a historically unique socictal project, whu"h‘ stnvc_s for d.l‘lllill ; g
effort at transforming the national energy systen. I'o achieve ‘tlns t.: ansfor Ill.]l'
tion the Liberal-Conservative government put forward a detailed av\t (.T H“,u .l
Next to the complete phase-out of nuclear energy by 2022, th$ ,h 1:;{1 1‘.
renewables for electricity generation should be increased to at lca‘sf r';t' !,
cent by 2020, 50 per cent by 2030, 67 per cent by 2040 and 80 1plu ce nl \l
2050. This is to be paralleled by increases of the share of renewa 19:5;){111 ﬁl\u.;.n
energy consumption to 30 per cent by 2030 ;m(dL 60) ‘pe‘rl CL;]['][ kl?jf l;. ‘).n-ll.lm “;
consequence, GHG emissions as C(nnparcd to 1990 .levL S l: 0;104“ l IpleRs
by 40 per cent by 2020, 55 per cent by 2030, 7() pc? L?‘Ilt \y 2 : l.:‘ ! “1”“
95 per cent by 2050, Furthcrmorc,‘ u_wrgy efficiency 1s 11?%311{ 0,)”1 ‘ ; "
ised. Energy consumption from buildings should be reduce by A pe .
in 2020 and by 50 per cent in 2050). Also, energy consumptl(;n hnfn‘l-l.lnl
portation should be reduced by 10 per cent in 2020 and by 25 pc-1 c.{. r.|l| in
2050. This shift to a new energy Rupply and use structure sl.'x(.)uld ‘pl().l.t ed
line with a strategic decarbonisation of the sgpp]y m_‘ C!CCtI’lClt-y, sulln}ml::tln'l;v,
gas for nuclear power during the energy transition (IEA 2013b; -BEM_ [..‘ ‘1]‘“‘“
‘(firucially, this set of quantitative goals has come together with a fw
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transtormation of the structural features of the energy system. This is particu-
larly evident with regard to the increasing role of decentralised, small-scale
energy providers that accompany the large-scale operations of the oligopolis-
tic energy companies. The second ‘grand coalition’ government of Christian
Democrats and Social Democrats that came to power in 2013 did not modify
these objectives. However, it entered further bargaining processes with regard
to the speed of the transition. Thus, the 2014 amendments to the law on
renewable energies confirmed its basic orientation (Hirschhausen 2014).

The combination of phasing out nuclear power and shifting energy use
towards decarbonisation has been the subject of comprehensive policy efforts
in market regulation and governmental subsidisation. Major investment
incentives have been set up in the domains of wind, photovoltaics, biomass
and hydropower, combined with feed-in tariffs that have contributed to an
ever more complex system of price control. In effect, however, the protec-
tionism that has essentially resulted from these price regulations and subsidies
may end up reducing incentives for competitive strategies in German firms
entering new markets. Moreover, and more visible in the short-term, is the
problem of the social distribution of the energy transition’s economic costs
among public sector, private business and households. This is the subject of
price-setting for energy supply and use as regulated in the law on renewable
energies, EEG. This law was put into legislation for the first time in the
2000s, as a cornerstone of the German institutional framework for low carbon
energy transition, and has been subject to a multitude of amendments and
adaptations. German electricity users pay a specific charge, based on a feed-in
tarift that is used for funding renewable energy generation, with the aim of
supporting its diffusion. In a positive light, this law on renewable energies and
its mechanism of feed-in tariffs has contributed to the international acclaim of
the high predictability and positive performance of German policies in
support of renewable energy sources (Butler and Neuhoft 2008).

In assessing the actual costs of these wide-ranging transformative endeav-
ours, it is useful to first account for the social costs of nuclear energy and coal,
that is, the major energy sources that are set to be replaced in the Energie-
wende. The social costs of nuclear energy primarily relate to the risk of nuclear
accidents, costs which make nuclear the most expensive source of electricity.
The social costs of coal reflect issues such as environmental degradation and
health problems from pollution. These stunningly high social costs can be
compared with a mechanism of social cost degression to learning effects that
result from the use of solar photovoltaic and onshore wind, among others.
Therefore, the calculation of costs and benefits needs to account for cost
factors beyond the immediate cost concerns of firms, households and the
public sector (Hirschhausen 2014).

Still, the coincidence of Germany phasing out nuclear energy and pushing
renewable energy sources at the same time, has caused a set of problematic
short-term effects. These may affect the overall legitimation of the political
project for a low carbon transition. First of all, German electricity imports
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increased significantly to compensate for the loss in guncratiqn capacity [‘ll;lt
resulted from the first wave of nuclear power plant closures. This effect points
directly to the matter of energy security in an incrfzasingly uncertain ir.lter—
national political environment, with Russia becom‘mg a much _lcss reliable
partner for energy imports. Most relevant for the emissions reduct%or.l strategy,
however, is the current trend of increasing GHG and carbon emissions. Th%s
is a result of the phase-out of nuclear power and the increased use of fossil
fuel fired power plants. Paradoxically, then, and quite contrary to the goals of
climate change mitigation, the elimination of nuc.lef"ar energy .from the
German energy mix is set to promote a revival of emissions-intensive coal as
an energy source (Klein 2012). .

In effect, the aforementioned additional costs for energy consumption
associated with this transition to renewable energy may hit both the industrial
sector and private households. Indeed, due to the higher than mat.fket‘price of
electricity, the net costs of the promotion of renewable energy in Germany
have amounted to an estimated €125 billion since 2000. Households carry
one-third of the financial surcharge in support of electricity from renewables,
which has been further increasing in recent years. In technological terms,
solar photovoltaic holds the largest cost share, witk_1_43 per cent of the total
costs of renewable energy sources, while comprising only 6 per cent of
German electricity generation. The impact on consumers has been straight-
forward; electricity prices more than doubled between 2000 and 2015 and
household prices for electricity were among the highest in the Epropean
Union, almost double the price paid in neighbouring France. Also, industry
prices are among the highest across Europe (BMWi 2016; BDEW 2016).

The additional costs for business are especially subject to extended debates
and lobbying efforts. These are usually based on arguments concerning a dif»;—
tortion of national competitive conditions, which is most pronounced in
international markets that matter a lot for export-biased German manufac-
turing industry. This international dimension to the exemptions tk.la.tlhave
been granted for certain industries also hints at the contested comanbﬂﬂ:y of
this national regulation with supranational institutional frameworks, in par-
ticular with the institutional setting of the European Union. The European
Commission has repeatedly stated that it is set to counter Germany.'s renew-
able energy law for an alleged breach of EU competition ngulaFlons (IEA
2013b). Indeed, the impact of price distortions due to feed—m. tarlffs.on the
international competitiveness of domestic manufacturing  industries has
become a leitmotif for industry associations such as the Federation of Gerr‘nan
Industries (BDI). This is paralleled by infrastructural debates that highhght
aspects of energy security. These include the fact that nuclear energy, which
is being phased out, still provides almost 15 per cent of gross eie.ctrl.mty gen-
eration, while electricity grid expansion and the risk of power grid instability
remain largely unresolved problems (Borshchevska 2016). In fac_t, these
uncertainties related to the energy transition have put the stock price per-
formance of Germany’s major utilities under stress. These issues have come
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topether with the nuatier of competitiveness m the expansion ol rencwables.
o particular mounting costs tor the operation of renewable energy technolo:
gies and international competition, in particular from East Asia, pose prob-
lems that are accompanied by the unsolved matter of energy storage and
demand management (Geels er al. 2016).

These conflicts of interest are further reflected within the political system,
most obviously in persistent intra-governmental rivalries that echo the con-
flicting orientations of vested interests in the industrial sector. For instance, in
the former Conscrvative—Liberal government, the Conservative Minister of
Environmental Affirs pushed for price increases in carbon emission licences
in arder to set further incentives for emission reduction, whereas the Liberal
Minister of Economy and Technology would block these initiatives due to
concerns about the additional costs that could arise for German industry. In
the more recent grand coalition government of Conservatives and Social
Democrats, these conflicts persist, even though both the cconomic and
environmental affairs ministries are headed by Social Democrats. In face, the
Minister of Economic Affairs underlines the need for the continued use of
coal to prevent major price shocks for German industry and private house-
holds. Doing this directly rejects further governmental interventions regarding
the utilisation of specific power plants, while the Minister of Environmental
Affairs insists on the elimination of the most emission-intensive coal-fuelled
power plants. The pro-coal coalition among Social Democrats and Conser-
vatives has seemed to hold (Meiritz 2014), and may even persist beyond the
September 2017 federal elections |

In view of these bargaining processes and wide-ranging conflicts over
nterests and ideas, the German style of environmental policy has been out-
lined as a regulatory state with a strong legal basis. This is accompanied by
inter-party bargaining involving regional interests in a federal multi-level
system, with corporatist patterns of interest mediation between government,
private sector and civil society. All of this is located within culturally rooted
concerns with environmental affairs. The ensuing policy style resembles a
pattern of ‘regulated self-regulation’. This is because business actors take part
in sector-specific and allegedly voluntary agreements, with self~commitments
that are moderated by government, and also allow for the inclusion of interest
groups from civil society (Bailey 2007). Examining the actual mixture of gov-
ernance structures that operates in the ‘energy turn’ of Germany’s coordinated
capitalism, yields an institutional pattern that involves market mechanisims,
regulations and private sector governance. All these mechanisms are contested
with regard to their functional efficacy i the transition towards a low carbon
regime.

Market instruments include participation in the European Union’s carbon
emissions trading scheme since it began in 2005, which built on Germany’s
preceding liberalisation of electricity and gas markets starting in the late 1990s.
Yet this market-based scheme has suffered from an over-allocation of allow-
ances, which has lowered the carbon price in a manner that obstructed further
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encouragenients for a sienthicant reduction mecamssions. Neaw cape ot co
sions defined at the EU level, and set to be progressively reduced. shanld
hopetully contribute to more cftective market operations. Infact, the
crucial problem with this emissions trading system relates to the Lt
national success in emissions reduction leads to a release of conssion cein
cates, which means that emissions might increase in other Luropean con
tries. Thus, in the context of tradable emission certificates, the ovenall
effectiveness of national efforts in emissions reduction might be called ann
question (Andor er al. 2017).

Policy-driven regulations include aspects such as technological i con
sions standards, as well as politically moulded price regulations. A critical
clement of these market regulations is the system of feed-in tavifis that vl
to promote electricity from renewables. As outlined above, this German teal
in tarift system implies that electricity generated from rencwable vneigy
sources has preferential access to the grid, priced on the basis of teed m it
that outline technology-specific pricing above market rates over a0 yen
period. This system has actually become an international role maodel, despun
its disadvantages with regard to the distortion of price signals and correnpomnd
ing disincentives for the suppliers of electricity from renewables (Andor of il
2017). Indeed, the latter problem currently informs the tendency towands
market-oriented shife in regulations to support renewables. Auctions Ty
recently been introduced to augment the feed-in tariff system, with 4 nwae
competitive and potentially cost-reducing mechanism. First rounds were held
for solar photovoltaic in 2016, while further auctions are also plinnedd tew
onshore wind (FS-UNEP Centre 2017).

Private sector governance includes the operations of industry association
and voluntary agreemients among private sector firms, as applicd to caluan
emissions in the automobile industry for example. The latter may be gl
out as a characteristic of the relational mode of coordination i the G
variety of capitalism. Indeed, when addressing these voluntary agrecment. v
cmissions reduction, one could even speak of a German brand of eiie
corporatism. This is illustrated by the major roles played by BDI and
German federal government in the promotion of industrial commitments o
emissions reduction (DIW er al. 2001). An mtial Climate Change el
Commitment was signed in 1995 as a largely symbolic gesture, followed 1,
more ambitious agreements in 1996 and 2000 that would mvolve varinn
energy-intensive sectors and related industry associations in undertakimg o
reduction in carbon emissions. However, the impact of these private setin
and associational forms of governance in driving the low carbon coononm
transition is subject to ongoing analysis. In fact, self-commitments were soon
replaced by fiscal efforts for an ecological tax reform, that would vescmbils
policy-driven regulations. In 1999, initial steps were taken by introducing
so-called eco tax on the consumption of tossil fuels, originally exchuding ol
due to its political relevance to the electorate. Manufacturing e wer
initially granted 80 per cent in tax reduction, a concession that was Tate



downgraded to 40 per cent (Bailey 2007). In the longer run, thus, it seems
that the German model of industrial self-regulation has not been successful in
markedly reducing carbon emissions in its own right. Nonetheless, it may be
argued that it facilitated the introduction of market-oriented instruments in
climate change policy, as implied in the negotiations on the implementation
of the EU emissions trading scheme. In this manner, the regulatory drive of
assoclational governance may have paradoxically contributed to a further
marketisation of the instruments of climate change mitigation (Klein 2012).
The actual design and implementation of these policy strategies and gov-
ernance structures is subject to the interventions of distinct coalitions of
actors. In broad terms, advocacy coalitions in the renewable energy policy
area include actors from business firms, industry and employer associations,
unions, civil society organisations, political parties and government. While
most decisions are made on the level of the federal state and nationwide
organisations, the regional level also needs to be taken into account in Ger-
many’s federal system. The regional states, Lander, are particularly relevant in
the support of wind and solar thermal energy, for they play a key role in
spatial planning. In terms of the representation of distinct interests and related
ideologies, however, one can distinguish between business and ecological
concerns — and related advocacy coalitions (DDagger 2009). Business concerns
tend to focus on the profitability of renewables. Major players in that domain
are the major energy suppliers of E.on, RWE, Vattenfall Europe and EnBW.
The related industry association is the Bundesverband der Epergie- und
Wasserwirtschaft (BDEW). Unions also take part in this advocacy coalition as
they articulate the interests of the workforce in the concerned firms and
industries. Importantly, the corresponding union in mining, chemicals and
energy, the Industriegewerkschaft Bergbau, Chemie, Energic (IG BCE),
stands out as an advocate of more conventional energy sources, such as coal.
This coalition is well represented in government, in particular in the Ministry
for Economy and Technology, BMWi. In political terms, the liberal FDP
party has been this faction’s most outspoken representative, along with large
segments of the conservative CDU and also by certain Social Democrats,
who have been politically strong in the traditional heavy industry region of
the Ruhr area (Reiche 2004).

Ecological concerns stand for the equal funding of all renewables. They
tend to strive for a fundamental transformation towards renewables as quickly
as possible, and they are in favour of feed-in tariffs to accomplish that trans-
formation. Industry associations involve the following organisations: Bundes-
verband  Erneuerbare  Energie (BEE), Bundesverband Solarwirtschaft
(BSW-Solar), Bundesverband Windenergie (BWE), Verband Deutscher
Maschinen- und Anlagenbau (VDMA). Unions in this coalition include IG
Metall, which is prominent in Germany’s competitive industries, such as
automobiles and machine tools. Yet the union of the integrated service
sector, ver.di, and the union of agrarian and environmental industries, 1G
Bauen-Agrar-Umwelt, also promote a proactive attitude towards renewables.
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The related orpanisation in government is the Ministry for l".nvil‘mm.lvnl;t|
Aftairs, the Bundesministerium fiir Umwelt, P\]_;lulrm'lmtz_mui Reeaktorsicher
heit (BMU). Also, the interest association of German farmers nv.vds. to be
taken into account, as organised in the B;uwrnvc‘rb.;md (DBV). 1t is ‘woil
represented in the federal Ministry for Agrarian Affairs, the Bllll(’]CSllllIll;SLL.“f
rium fiir Emihrung, Landwirtschaft und Verbraucherschutz (BM{ELV). () Jor-
responding political camps are more difficult to ‘(%etect. The Green {;my
stands out in this regard, yet parts of SPD, CDU/CSU and the former Com-
munists of the Linke also take part in these endeavo.ur's. . ‘
Examples of this kind of ecological alliance bu.lld.mg are manifold. Quite
prominently, a working group on the trade of emission hcences.has been :qet
up by organs of the federal state, including t[_le J_SMU, accompamec.{ by llla_]()li
firms, industry associations and even organisations from t.he. environmenta
movement. In this manner, the Arbeitsgrup.pe Emnssxogshandﬂ zur
Bekimpfung des Treibhauseffekts (AGE) h;fs l_')een 1.nstrumental in sorting out
workable regulations for the trade of emissions llcenf.'cs (BMU und AGE
2012). Also, industry unions are a part of key c.or.)sultatlons with goverrllme‘nt
and business, as documented by diverse declarations an; v efficiency,
environmental innovation and emissions trade, involvm_g I1G Metall alor‘lg
with BMU (BMU and IGM 2006; 2008). Representfltlves from IG BCE
have also been invited to join the Council for Sustinlnable ngclopment,
which is a consultative platform for environmental affairs Ltstabhshed by the
government in 2001. Industry-specific dialogues on environmental issues
between labour unions and employer associations are ;}lso common, such.as
that between IG Metall and the German association of aluminium industries
(IGM und GDA 2009). N |
Furthermore, the expansion of renewables was initially driven lby new
entrants to the market, involving business firms, citizen cooperatives and
professional environmental groups, who combined t_hc _cnv1rot.1mcntal and
social concerns of a social movement for sustainability in a discourse thgt
would later shape the discussions and practices of the t;me:;q'mwm.de . Their
impact on the expanding sector of renewables was 111({st obvious in onshore
wind, biogenic fuel, biogas and solar _photovoltalc. f)ubscquen‘tly, business
actors would gain in influence as large firms came to enter promising market
segments {Geels er al. 2016). For instance, thenmltlal mtr(.)fit'lctlon and adop-
tion of wind turbines on a small scale was driven by utlhtlesi as well’ as by
farmers and environmental groups who, in the 1980s whc'n .C-crmany S new
social movement of ecologically concerned protests gained in 1‘nﬂucn.cc, com-
bined an ecological programme of sustainabl? d.evclopment with anti-nuclear
anxieties (Jacobsson and Lauber 2006). Also,_ in its early stages the Photovolta—
ics industry in Germany seemed to be driven not o.n]y E.)y business ﬁrms,
industry associations and government, but also by civil society and em‘nro‘n—‘
mentalist social movements. On the regional and local levels, thesn_‘ alliances
have driven cluster formations in this industry, and thus contributed to
the diffusion of related ‘green’ technologies (Fuchs and Wassermann 2013).
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I cliect, the low carbon transition of the German cconomy proceeds on a
hybrid basis with both market and nou-market coordination, in a manner that
reflects the institutional speciticities of the German variety of capitalism, and
Its ongoing nstitutional evolution.

Conclusion

Germany follows a distinct trajectory in the transition towards a low carbon
cconomy. The corresponding patterns of industrial and technological special-
isation reflect the specificity of the prevailing national production model, as
well as the institutional conditions and settings. The production mode] of the
German economy is still biased towards diversitied quality production in the
manufacturing industries, with the automobile industry as a paradigmatic lead
sector. The corresponding German innovation system, with its speclalisation
in gradual types of technological change, is part of a hybridised coordinated
variety of capitalism. This hybrid character of German capitalism is reflected
in the policy mix ot market-oriented, regulatory and associational approaches
to the governance of low carbon transition. The transition towards a low
carbon economy relies on these industrial structures and institutional patterns,
which provide opportunities for new low carbon innovations, which are par-
ticularly relevant in the domain of renewable energy sources. Indeed, German
etforts in the expansion of rencwable energy have been unpressive, mcluding
with regard to their innovative impact. However, as a specifically German
phenomenon, nuclear energy is set to be phased out in the coming decades.
The corresponding transition mechanising in this Energiewende are subject to
ongoing controversies regarding the efficacy of market-breaking price regula-
tions and subsidies, versus market-—cnnf()rnJing mstruments such as auctions.
Thus, while the share of renewables in the energy mix is increasimg furcher,
the transition towards a low carbon reg

ime of production and innovation also
needs to account for the private

costs of this process. Accordingly, the
German transition towards a coordinated ‘green capitalisi’ remains both eco-
nomically and politically contested.
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6 Norway’s low carbon strategy

Internal and external drivers

Jon Birger Skjarseth and Torbjerg Jevnaker

Introduction

i

Norway’s stated objective is to bccom‘c carbon u'fll?-alfb}_{l ‘th.v };l-l;“l“,”:l:'i'. .Ii II::
will prove extremely challenging, particularly as foss.ll ue ,sltnn '| | il (R
nate the Norwegian economy. Oil and gas contribute ; .;m ::A 20
state’s revenues and 40 per cent ()ft()tzl]_cxports. The tl‘al:l:\ (?Il]l;ll(ll\ : .[ ol
oil and gas has had significant ramifications for ot}‘m% SCL'LE()!I..\ 0 ‘1 e
gian economy by opening up huge markets ff)r shlphm. Ll]I‘I;!_,‘fl |!;l, ' “”‘:"
information technology and other business services. It has b .||n e :I '|I -
manufacturing  industries and strengthened  the ccormm,y throngh ' pidly
increasi ax revenues, which are filling up the world’s Farpest wovero i
mCreasiyg tax lLVLlll'ILS, e e el ot gl oo
wealth fund. Production of oil and gas i3 t.hn cause of Ehol
of Norway’s greenhouse gas (GHG) emissions. 'Lcadullg up u.: 2 ,\ e
wegian government will be faced w;t!} the dllc?nma of .l].l.\!ll.q,m], i ““I.
national interest of maximising profits from the oil and gas j\L fllm tllll e
hand, while decarbonising the economy on the other. ”“i (‘ m]m‘; ‘ I.| m““,
how, why and to what extent Norway has embarked on ta; | 1!|.nl|. c“n lll.” "
towards a low carbon economy, as a response to the global challeny
“limate change. .
d“}.\l;m'wely's&low carbon strategy and the prospcjct:% f()l‘-(‘.hl;lll‘l.g(";llll'l ;"I:‘Illlii:_'l;:
from two perspectives with dlf’rcrcn.t rclevancf:s. tor Iam l::_a mh;:r. "
(VoC) theory (Hall and Soskice 2001). The first, a (;l{]u; l.t. | o .”:h'
spective, indicates that the key drivers of ch.;mgc in tnl ,ri“.; O ..n ) b
national challenge can be found at the domestic lL‘VC],‘I;ft 1‘u t m:u ‘_l“”“:‘ h|l
from abroad. As such, Norway’s low carbon str;l.tcgy — 1ty ”‘m”;h‘l l||[ ..|n:”:|". '
the international challenge of climate change — is f‘.xprvu.u] ll‘) )I( : It ’11 e
of domestic factors. IDomestic dri\re?ﬂs are essential Yc)(. .I 2 tluy,”“l i
places particular emphasis on 1‘elat‘u.msh1ps between ' ;‘l\r‘!l-'lp.ll‘lll];l .I“““m'
national institutions in a state’s political CEUNBHIY, [)l‘f u.uun | '\'I‘I.”““m
responses to common problems are cxpl;uncd‘ by‘ Flu.i stm ,[(“[ e
itself), the society, or the relationship between St:'lt-L. .‘mu .\I(I)l‘l.t y. P

The second perspective takes us ﬁ'(‘)m d(?nmst.ng pnjts;‘r. !;l, !m“‘mulm
context, particularly the European Union (EU). The EU's decan i



