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Economics of digital decoupling: a pluralistic
analysis

Steffen Lange*
Institute for Ecological Economy Research, Berlin and Resource Economics Group, Humboldt-Universität zu
Berlin, Germany

Digitalization supposedly fosters sustainability and brings about strong economic growth. These
promises foster hopes that green growth – that is, to reconcile economic growth with environmental
sustainability – is possible. However, digitalization has so far neither led to strong economic growth
nor to substantial improvements for environmental sustainability. This article investigates why digi-
talization has not so far lived up to its promises based on a pluralistic method combining insights
from neoclassical and ecological economics, and from post-Keynesian and neo-Marxian perspectives.
It finds that the limited effect of digitalization on economic growth is due to its negative effect on
aggregate demand, primarily via increasing inequality. The inability of digitalization to substan-
tially improve environmental sustainability can be explained by a combination of distorted relative
prices of inputs, missing government investment, and the high environmental footprint of the infor-
mation and communication technologies sector. It is unclear whether policies to improve the envir-
onmental effect of digitalization foster or dampen economic growth. Therefore, gearing digitalization
towards supporting environmental sustainability is compatible with an a-growth, rather than a
green growth, strategy.

Keywords: digitalization, ecological transformation, economic paradigms

JEL codes: B15, O40, Q55

1 INTRODUCTION

On the 27th of November 2019, the first female president of the European commission
held her inaugural speech before the European Parliament. Ursula von der Leyen
stressed the concept of the twin transition. The twins are the environmental and the
digital transformation. Digitalization is seen as a central tool to achieve environmental
sustainability (GeSI/Deloitte 2019; Hedberg/Šipka 2020; McAfee 2019; WBGU
2019), for example within the European Green Deal: ‘Digital technologies are a critical
enabler for attaining the sustainability goals of the Green Deal in many different sectors’
(European Commission 2019: 9). According to one estimate, information and commu-
nication technologies (ICT) ‘can enable a 20% reduction of global CO2e emissions by
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2030’ (GeSI/Accenture 2015: 8). At the same time, the digital transformation is
regarded as an opportunity to boost economic growth (see, for example, European Com-
mission n.d.). A prominent estimation argues that computerization has the potential to
rationalize over 40 per cent of jobs (Frey/Osborne 2017), implying an immense growth
in labour productivity and the potential for strong economic growth.

The two hopes – that digitalization fosters sustainability and that it brings about strong
economic growth – make digitalization a central aspect in the debate on whether environ-
mental sustainability can and should be pursued by following a green growth, de-growth
or a-growth strategy. Proponents of green growth believe it is possible to decouple eco-
nomic growth from environmental throughput (for example, Bowen/Hepburn 2014;
Jacobs 2013) and even achieve sufficient absolute decoupling (Ekins 2000). Sufficient
absolute decoupling means combining economic growth with a rate of reduction necessary
to achieve certain environmental goals (Antal/van den Bergh 2016; Lange et al. 2020).
Contrary to green-growth advocates, de-growth proponents are convinced that the eco-
nomic and societal transformation necessary to achieve a sufficient reduction in environ-
mental throughput cannot be accompanied by continued economic growth (for example,
Jackson 2016; Kallis et al. 2018). A-growth can be seen as a midway concept between
green growth and de-growth and suggests that it cannot be said with certainty whether
stringent environmental policies will lead to positive economic growth or a shrinkage of
the gross domestic product (van den Bergh 2011; 2017). A concept related to a-growth,
also discussed in the de-growth literature, is growth independence. Within this concept it
is argued that several social institutions are growth-dependent – in particular, social secur-
ity systems and the labour market – and that this dependence may impede stringent envir-
onmental policy measures (Petschow et al. 2020; Seidl/Zahrnt 2010). If digitalization
were able to simultaneously foster economic growth and environmental sustainability,
green growth would become more feasible.

So far, digitalization has not lived up to its promises – on either front. Regarding eco-
nomic growth, the vast majority of the empirical research on digitalization and economic
growth indeed indicates that digitalization increases economic growth in high-income
countries (Farhadi et al. 2012; Lange et al. 2020; Salahuddin et al. 2016). However, its
magnitude is well below the high expectations placed on digitalization. The age of digita-
lization has been accompanied by rather modest growth rates, at least in high-income
countries (Gordon 2015; Lange et al. 2018).

Neither has digitalization brought about major improvements concerning environmen-
tal throughput – that is, the raw materials and energy used and the emissions generated by
economic processes. Regarding energy consumption, the literature identifies a statistically
positive association with ICT: higher levels of digitalization lead to higher levels of energy
use (Haseeb et al. 2019; Salahuddin/Alam 2015; 2016). A major reason is digitalization’s
direct effects: the energy used by the production and use of ICT devices and the infra-
structure behind them. The ICT sector’s electricity consumption constitutes a significant
share of global electricity consumption and has risen in the past. Estimations of this sec-
tor’s share of total electricity consumption vary between 3.8 per cent and 7.4 per cent
(Corcoran/Andrae 2013; Malmodin et al. 2010; Malmodin/Lundén 2018; Van Hedde-
ghem et al. 2014).

Regarding greenhouse gas emissions, studies yield ambiguous results. Studies that focus
on the aggregate net effect find a positive relation between digitalization and greenhouse
gas emissions (Kopp et al., work in progress; Salahuddin et al. 2016). Another approach
focuses on specific transmission channels, finding that ICT reduces carbon dioxide (CO2)
emissions directly but increases energy consumption, which in turn increases CO2 emis-
sions (Haseeb et al. 2019; Lu 2018). However, no study finds a strong reduction in
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greenhouse gas emissions due to digitalization. Again, a major reason is the emissions due
to the production and use of the ICT sector itself (Andrae/Edler 2015; Belkhir/Elmeligi
2018; Malmodin/Lundén 2018; The Shift Project 2019). A recent study comparing dif-
ferent estimations reckon ICT’s share of global greenhouse gas emissions to be between
2.1 per cent and 3.9 per cent (Freitag et al. 2021).

In sum, the effect of digitalization on economic growth is lower than expected and the
empirical evidence does not support the hope that digitalization substantially reduces
environmental throughput in the form of energy consumption or greenhouse gas
emissions.

The main purpose of this article is to understand why digitalization has so far not lived
up to its promises regarding economic growth and environmental sustainability. The ana-
lysis concentrates on countries of the Global North. The investigation follows a pluralistic
approach (outlined in Section 2) that triangulates neoclassical economics (Section 3), eco-
logical economics (Section 4), post-Keynesian theory (Section 5) and neo-Marxian per-
spectives (Section 6). The synthesis (Section 7) shows that the effect of digitalization to
increase income inequality is the major explanation of the low positive effect of digitaliza-
tion on economic growth. The inability of digitalization to substantially improve environ-
mental sustainability can be explained by a combination of distorted relative prices of
inputs, missing government investment, and a combination of factors responsible for
the high environmental footprint of the ICT sector. In addition to explaining why digi-
talization has not lived up to its promises, Section 8 discusses the resulting policy implica-
tions and what this means for the growth debate. Policies to improve the environmental
impact of digitalization have ambiguous impacts on economic growth – which is why they
fit the a-growth rather than the green-growth or de-growth strategies. Section 9 concludes.

2 PLURALISTIC ANALYSIS

To understand why digitalization has not lived up to its promises, I apply a plural set of the-
ories to the relation between digital technological change, economic growth and environmen-
tal throughput. The following analysis, in Sections 3–7, is based on the approach of
‘interested pluralism’ (Dobusch/Kapeller 2012). This pragmatic approach uses theories
from different schools of thought to investigate a specific object of inquiry – in this case,
the digital transformation of the economy. Dobusch/Kapeller’s (2012: 1043) approach is
‘striving for constructive interaction between different theoretical traditions in order to
come up with an improved and expanded set of relevant explanatory statements’. The cen-
tral underlying assumption is that different explanations from different theories are, by and
large, complementary rather than contradictory. Theoretical statements from different
schools of thought can be related to each other in six ways: they can be identical, convergent,
compatible, neutral, divergent or contradictory. The relation then dictates which of four stra-
tegies can be applied: (i) Statements can be integrated when they apply to the same topic and
if they are identical, convergent or compatible. (ii) When statements concern different topics
but do not contradict each other – that is, are compatible or neutral – a division of labour
between them makes sense. (iii) When statements are divergent – that is, are ‘(apparently)
incompatible’ (Dobusch/Kapeller 2012: 1052) at first sight – a strategy of diversification can
be pursued. This strategy means taking a differentiated perspective on the topic at hand by
the use of two or more theoretical views. (iv) Finally, when statements are contradictory, it
may not be possible to reconcile them into a meaningful analysis. In this case, the researcher
has to decide and make a test of hypotheses – due to the researcher’s judgement, if possible,
based on empirical grounds.
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In the following, this pluralistic approach is applied to the topic of economic growth
and environmental throughput in the face of digitalization. Four theoretical perspectives
are employed to investigate the subject: a neoclassical, an ecological economics, a post-
Keynesian and a neo-Marxian perspective.

3 PRODUCTIVITY AND RELATIVE PRICES: A NEOCLASSICAL
PERSPECTIVE

In 1987, neoclassical economist Robert Solow (1987: 2) said: ‘You can see the computer
age everywhere but in the productivity statistics’. This so-called productivity paradox still
occupies neoclassical researchers today. On the one hand, digital technologies bear great
potential to rationalize production processes and thereby increase labour productivity
(Brynjolfsson/McAfee 2014). On the other hand, high-income countries experience low
growth rates at the same time as digital technologies are being applied throughout the
economy (Gordon 2015).

Underlying this apparent paradox is the neoclassical perspective on the determinants of
the level of production and economic growth. In the most prominent growth theory, the
Solow–Swan model, the production level is determined by the growth in population and
the savings rate, which influences the size of the capital stock (Solow 1956; Swan 1956).
The most important factor explaining long-term growth is, however, technological
change, or more specifically total factor productivity: the combined productivity of capital
and labour. More recent approaches aim at endogenizing technological change in their
models (for example, Arrow 1962; Lucas 1988; Romer 1986; 1990). Technological
change remains to be the main determinant of economic growth in these endogenous
growth models (Aghion/Howitt 2009).

It is therefore not surprising that debates among neoclassical economists about the rela-
tionship between digitalization and economic growth focus on the role of technological
change. Several authors see great potential for digital technologies to increase labour pro-
ductivity. In a highly influential study, Frey/Osborne (2017) calculate that more than
40 per cent of jobs in the USA are susceptible to being rationalized by the introduction
of innovations related to computerization. Similarly, Brynjolfsson/McAfee (2014) argue
that digital technologies bear the potential to rationalize many jobs because they can sub-
stitute not only physical but also cognitive labour. However, the predictions of these stu-
dies have not materialized so far (Arntz et al. 2017). The authors attributing a high growth
potential to digital technologies retort that the positive impact on labour productivity will
unfold only in the future (Brynjolfsson et al. 2017).

Other authors disagree with that position. Most prominently, Gordon (2012) points
out that digital technologies do not increase labour productivity to the extent that former
important innovations did. In the first industrial revolution (1750–1830), the combina-
tion of train tracks, steam engines and spinning wheels initiated immense growth. Growth
in the second industrial revolution (1870–1900) was spurred by the dispersion of electri-
city, as well as by the introduction of the petrol engine. However, in the third industrial
revolution, which Gordon dates from 1990 and is still ongoing, computers and the Inter-
net have failed to initiate a comparable dynamic of innovation and economic growth in
the early industrialized countries.

Since the 1970s, growth models have been developed that also incorporate environ-
mental aspects. Early contributions focused on the relation between non-renewable
resources and economic growth (Dasgupta/Heal 1974; Solow 1974; Stiglitz 1974).
Later, energy as a production factor was included in models similar to the Solow model
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(Ayres et al. 2019). Due to neoclassical assumptions, energy is regarded as relatively
unproductive compared to labour and capital (Kümmel 2011). The cost–share theorem
states that each production factor’s marginal productivity is equal to its marginal costs.
Hence, if energy is relatively cheap, it is also relatively unproductive (see Ayres et al.
2013). Another important assumption in these models is that a limited supply of one pro-
duction factor – for example, energy – can be relatively easily substituted by other produc-
tion factors (Ayres et al. 2019). Directed technical change models are particularly
interesting with respect to the subject matter of this article. In these models, the direction
of technological change towards cleaner or dirtier production is mainly driven by the
prices of using environmental inputs (Aghion/Howitt 2009).

Regarding the relation between digitalization and the environment,McAfee (2019) argues
that digital technologies have already brought about great improvements. The spread of digi-
tal technologies has supposedly helped to dematerialize the economy. McAfee proposes that,
to further reap the potential of digital technologies for environmental issues, one should
focus on combining technologies with capitalist competition – supported by a carbon
tax. The combination of competition and higher prices for environmental throughput
makes sense within the neoclassical paradigm overall. In models of directed technical change,
higher prices for environmental throughput incentivize economic agents to introduce digital
technologies that are more environmentally friendly (Acemoglu et al. 2012).

In sum, within the neoclassical school of thought, the characteristics of digital techno-
logical change are central for explaining both low economic growth and low reductions of
environmental throughput. Digital technologies’ limited abilities to increase total factor
productivity explain low economic growth, and the low price of environmental inputs
explains why digital possibilities are not used to develop technologies that focus on redu-
cing environmental throughput. The next section covers ecological economics approaches,
which also place high relevance on technological developments.

4 EXERGY AND REBOUNDS: AN ECOLOGICAL ECONOMICS
PERSPECTIVE

Ecological economics is the major alternative school of economic thought when it comes
to the relation between economic growth, technological change and environmental
throughput. Several authors have criticized the neoclassical growth theories and devel-
oped a different theory of economic growth, focusing on the role of energy (Ayres/
Warr 2009; Kümmel 2011). The starting point of the critique was that energy was
either absent or that its role was understated and misconceptualized. In models such
as the Solow–Swan model the largest part of economic growth cannot be accounted
for empirically (Ayres 2003). This so-called Solow residual is attributed to technical pro-
gress or total factor productivity, but it is simply the residuum that cannot be explained
by the production functions (Warr/Ayres 2012: 94). Neoclassical models that take into
account energy as a production factor do not change this picture overall (Ayres et al.
2019).

Ecological economics approaches build on concepts related to energy from physics
(Georgescu-Roegen 1971). Two central concepts in ecological economics are useful
work and exergy. Useful work is work in the form of heat, mechanical work or light
that is useful for the production process. Exergy, in turn, is the maximum amount of
useful work that can theoretically be extracted from a given energy carrier (Ayres
2003). Approaches measuring exergy and useful work are able to explain the vast
amount of economic growth – mainly due to an increase in the use of useful work
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(Ayres et al. 2019; Serrenho et al. 2014). The amount of useful work used can either be
increased by increasing the amount of energy used or by increasing the conversion rate.
For example, the amount of useful work increases if a car is driven for a longer distance.
This can either be facilitated by using more fuel or by introducing a new car engine
that is more efficient in converting the exergy entailed in fuel into mechanical work –
moving the car.

While the focus of this line of work is on empirically accounting for economic growth,
it also delivers explanations. The central argument is that technological change makes
energy services cheaper by increasing the conversion rate from primary energy to useful
work. This increase allows production at lower costs, which lowers the prices of goods
and services, fosters sales, and thereby induces economic growth (Warr/Ayres 2012).
From that perspective, the central determinant of economic growth is, therefore, the
speed at which technological change can increase the conversion rate from primary energy
to useful work. The faster the technological change, the stronger is the effect on price
reductions, additional demand and economic growth.

The role of this conversion rate for economic growth also provides the foundation for
understanding low growth despite digitalization. From the perspective of ecological eco-
nomics, the lack of rapid economic growth suggests that digital technologies do not
have a strong positive effect on the conversion rate. The causal chain explained above
is, then, only slightly triggered: prices do not fall substantially, demand stagnates, and eco-
nomic growth is low.

Ecological economics suggests that the low impact of digital technologies on the con-
version rate also explains why energy consumption is not reduced despite digital technol-
ogies. The hope that digital technologies could reduce energy consumption is mainly
based on their ability to increase energy efficiency – similar to the concept of the conver-
sion rate (Freitag et al. 2020). Hence a low impact of digital technologies on the conver-
sion rate could explain their inability to reduce energy consumption so far. Indeed,
concrete examples of digital technologies show that the net effect on energy intensity is
mixed (Lange et al. 2020).

An additional explanation for the inability of digital technologies to reduce energy
demand is the increasing energy consumption of the ICT sector itself (see Section 1). Eco-
logical economics contributes two explanations to this development. First, the increase in
the ICT sector can be seen as a result of the increase in the conversion rate in that sector
due to rebound effects. In the ICT sector, energy efficiency and the conversion rate have
increased immensely over recent decades. Koomey et al. (2011) show energy consumption
per processing unit halves approximately every 1.5 years. Also, energy efficiency in data
transmission (Coroama/Hilty 2014) and in data centres (Avgerinou et al. 2017; Shehabi
et al. 2016) has increased fast in the past. The fast increase in the energy efficiency of pro-
cessors has been a prerequisite for the invention and diffusion of digital technologies such
as smartphones, sensors, etc. (Lange/Santarius 2020), and rebound effects are described as
particularly large in the ICT sector (Hilty et al. 2006). Second, ecological economists have
for a long time argued that the energy needed to produce the capital goods associated with
new technologies needs to be taken into account when assessing the energy footprint of
the ICT sector (Daly 1990). This so-called embodied energy (Sorrell 2007) is essential
in calculating the net effect of introducing new technologies. If digital technologies are
seen as tools to increase energy efficiency, the energy used for their production needs
to be accounted for.

To sum up, while ecological economics attributes a low increase in consumption
demand to an only slowly rising conversion rate, the next section covers post-Keynesian
theories that bring forward additional reasons for stagnating demand.
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5 INCOME INEQUALITY AND GOVERNMENT EXPENDITURE:
A POST-KEYNESIAN PERSPECTIVE

Post-Keynesian theories characterize the economy and its growth as a dynamic interplay
between aggregate supply and aggregate demand. They emphasize the importance of the
development of aggregate demand for the rate of economic growth (because economies
usually produce below full capacity). For post-Keynesian theories on economic growth,
Kalecki’s work is of the utmost importance (Hein 2014; Kalecki 1987). He developed
a theory of the functioning of the entire economy by separating it into sectors for invest-
ment, capitalists’ consumption and workers’ consumption (Kalecki 1987). For economic
dynamics, he regards the degree of monopolization as important. Economic growth is
mainly due to the level of investment, which is influenced by a variety of factors (such
as firms’ expectations, monetary policy, animal spirits, etc.) and most importantly con-
sumption demand, which in turn depends on income distribution. A higher degree of
market concentration reduces consumption demand due to monopolistic power that
leads to an increase in the capital share and a corresponding decrease in the labour
share – that is, the share of total income paid to workers as opposed to capital owners.
The (functional) income distribution is also decisive in Kaldor’s work. Kaldor points
out that investment leads to savings and develops the conditions under which the savings
are of the same size as the preceding savings (Kaldor 1955). Kaldor also emphasizes the
role of technological change for economic growth. He sees increases in labour productivity
as being tightly linked to capital deepening – that is, increasing the capital per worker
(Kaldor 1957; 1961).

From the perspective of post-Keynesian theories, the relation between digitalization
and income inequality is a decisive aspect of how digitalization has influenced economic
growth over recent decades. Researchers – who are mainly mainstream economists – argue
that digitalization contributes to increases in income inequality threefold. First, using digi-
tal tools polarizes wage income. Even though digitalization is likely to rationalize some
jobs at all wage levels, low-paying jobs are expected to be affected more heavily (Frey/
Osborne 2017). On the other hand, new jobs created by digitalization tend to necessitate
high education levels (Wolter et al. 2016). As a result, demand for high-skilled labour
increases while demand for low-skilled labour decreases, leading to wage polarization.
Acemoglu/Autor (2011) approach the polarization issue from a slightly different angle.
They point out that digitalization is expected to replace routine tasks but not non-routine
tasks. Non-routine jobs are located at the lower and upper ends of the earnings distribu-
tion. Digitalization will reduce the number of routine jobs in the middle-income bracket
and replace them with either low- or high-paying manual and cognitive non-routine jobs.
It will thus contribute to income inequality.

Second, digitalization promotes a reduction in the labour share. The labour share has
fallen in recent decades for almost all OECD countries (ILO 2013; Trapp 2015). Because
work in the digital economy is increasingly being done by robots and algorithms, digita-
lization is expected to worsen the bargaining position of employees and thereby aggravate
the development of a falling labour share (Brynjolfsson/McAfee 2014).

Third, digitalization gives rise to ‘winner-take-all’market structures due to the non-rival
nature of the products in the digital economy such as knowledge, software and code. These
non-rival products allow companies to achieve large economies of scale because the marginal
costs of producing these products is extremely low or even zero. In these market structures,
rents are particularly high because successful companies are likely to be in a dominant mar-
ket position. This point is illustrated by the fact that firms in IT-intensive industries tend to
have a comparatively high market share (Brynjolfsson et al. 2008). These winner-take-all
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markets contribute to income inequality because the rents generated are distributed
mainly to investors and top managers and less to average workers, thereby increasing
the income share of the top income groups (Guellec/Paunov 2017).

As pointed out above, the income distribution plays a decisive role in post-Keynesian
theories for determining the rate of economic growth. Higher inequality stifles consump-
tion demand, and, as the economy is commonly below full capacity utilization, this means
a lower level of production than what is possible. It also implies less investment since firms
invest more when they expect to sell more products. By increasing income inequality, digi-
talization therefore dampens both consumption demand and economic growth.

Next to income inequality, a further connection between digitalization and slackening
aggregate demand is government expenditure. In complex firm constructions, digital com-
panies are particularly good for circumventing taxes and hence have a very low tax rate
(Auerbach 2016; Duhigg/Kocieniewski 2012). This circumvention impedes upon the
tax revenues of governments and hence also on their ability to spend – hence additionally
reducing aggregate demand. The impact on income inequality and on governments’ tax
bases explains why digitalization leads to a lack in demand and is thus – according to
post-Keynesian approaches – a reason for low economic growth (Lange/Santarius 2020;
Staab 2017).

With regard to the relation between digitalization and environmental throughput, only
few post-Keynesian economists have integrated environmental aspects into their work
(Spash/Schandl 2009). Recently, several contributions have worked on integrating post-
Keynesian and ecological economics – commonly under the term ecological macroeco-
nomics (Fontana/Sawyer 2016; Jackson et al. 2014; Rezai/Stagl 2016; Rezai et al.
2013) – into contributions on methodological issues (Holt et al. 2009) as well as various
concrete aspects such as the role of economic growth (Fontana/Sawyer 2016; Jackson
2016; Jackson/Victor 2014) or finances and the banking system (Campiglio 2016;
Jackson/Victor 2015). An insightful contribution for the purpose of this article is the
work of Harris (2001; 2008; 2013a; 2013b) to the issue of digitalization. He divides
the economy into clean and dirty sectors and argues that, while the latter need to shrink,
the former need to grow. Regarding policies, he refers to classic environmental policies
such as environmental taxes and subsidies but also argues for fiscal policy to invest into
the clean sectors. Applying Harris’s analysis on the role of digitalization for the environ-
ment, stronger fiscal interventions would be needed to switch from dirty old sectors to
clean new digital sectors. These interventions could, for example, be investment in an infra-
structure giving better broadband and mobile Internet (so that digital services could be used
to substitute physical goods) or into a renewable – and digitally facilitated – energy system.

In sum, the post-Keynesian approaches suggest that the dampening effect of digitaliza-
tion on aggregate demand – via dampening consumption demand and limiting fiscal
expenditure – is one of the factors explaining low growth in times of digitalization.
Post-Keynesian theories contribute only slightly to the relation between digitalization
and the environment. One aspect is that fiscal policies have so far not supported the switch
towards the relatively clean digital sector. The next section will shed further light on why
income inequalities are rising, and demand is ailing.

6 MONOPOLIZATION AND THE SALES EFFORT: A NEO-MARXIAN
PERSPECTIVE

At the centre of neo-Marxian analyses lie dynamics of competition, new technologies and
economic growth. In Marx’s (1867 [1980]) analysis, firms compete on competitive
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markets. Each firm tries to maximize profits and stay competitive by reducing costs – in
particular, wages. The primary strategy is to develop and introduce new production tech-
nologies that facilitate production at lower costs. These new production technologies com-
monly go along with increasing the production capacity of firms due to economies of
scale. The strategy to reduce costs per unit of production allows a firm to make extra prof-
its (as long as other firms have not introduced such innovations) and stay competitive.
The same dynamic also explains the tendency towards market power concentration:
firms that win this technological race get an ever-bigger market share so that the number
of firms in one market decreases over time.

Theoretical analyses under the term monopoly capitalism start from the point that many
markets are controlled by a small number of large companies. These large companies also
aim at maximizing profits, but due to the conditions of being oligopolies and often acting
on saturated markets, their strategies look very different from companies in competitive,
non-saturated markets. They do not compete primarily via price reductions, due to a com-
mon interest of the remaining large firms to refrain from them (Baran/Sweezy 1966).
Instead, profits are maximized via, amongst other things, cost reductions, which mostly
take place by reducing wages (Foster 2014). In addition, the large companies try to
increase sales through the sales effort. This effort includes, in particular, two strategies.
First, products are designed so that they need to be rebought at a high frequency: obso-
lescence. Second, commercials are used to induce additional consumption, in particular of
new products. A further effort to increase consumption demand can be implemented by
increasing government expenditure.

The issues of monopolization, cost reductions, and the sales effort are all highly pre-
sent when it comes to digitalization. First, the digital world tends towards monopoliza-
tion. Prominent examples are social media and search engines (Zuboff 2019). A central
reason for this tendency is network effects and the fact that single firms not only gain
market power but organize the markets themselves (Staab 2019). Second, large digital
companies use their market power to reduce costs, in particular labour costs. Various
examples show how labour regulation is circumvented in high-income countries or
the devastating labour conditions with low wages in low-income countries (for example,
China Labor Watch 2016; Sacom 2010). Third, the sales effort plays a particularly
strong role in the digital sector. Various mechanisms related to obsolescence lead to a
short lifetime of ICT devices such as laptops, smartphones, and electronic accessories
(Kern et al. 2018; Proske/Jaeger-Erben 2019). The other central part of the sales effort
– commercials – even makes up the primary business model of many large digital com-
panies. Alphabet and Facebook make 87 per cent and 98 per cent of their revenues from
advertisements respectively (Alba 2017).

The central explanation by neo-Marxists for the low effect of digitalization on eco-
nomic growth is, therefore, that digital companies use their market power to reduce
wages and thereby dampen consumption demand. The strong role of the sales effort in
the digital economy explains the strong growth of the ICT sector but does not suffice
to induce strong economy-wide growth.

Neo-Marxian theories regarding the environment also start from the dynamics of com-
petition and the drive to increase profits. Both lead to an incentive for firms to externalize
costs where possible – not only by reducing wages but also by exploiting or polluting the
environment – whenever these measures increase profits (Magdoff/Foster 2011). This
externalization is a strong obstacle to introducing environmental sustainability as firms
either will try to circumvent regulation where possible (Altvater 2005) or will solve one
environmental problem (for example, reducing greenhouse gases) by generating another
(for example, lithium use for batteries) (Foster et al. 2010).
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Further, economic growth since the industrial revolution is argued to have been
strongly linked to the use of fossil fuels and – due to the characteristics of different energy
carriers – shifting towards renewable energy is extremely difficult, in particular over all sec-
tors in a relatively short period of time (Altvater 2005). In some sectors, this shift is par-
ticularly onerous because the companies’ business models depend on fossil fuels. Those
companies then try to use economic and political influence to prevent the respective envir-
onmental regulation in the first place (Foster 2005).

The major insight from neo-Marxian approaches on digitalization and the environment is
that there is no reason why digitalization should change the fundamental forces and incentives
in capitalism.Digital companies or traditional companies that make use of digital technologies
still act within a system of market competition and try to maximize profits. Therefore, they
still have the incentive to externalize costs where possible. Concrete examples are the disas-
trous disposal of electronic waste (von Finck/Manhart 2016) or the vast amount of packaging
waste generated by online shopping (Chueamuangphan et al. 2020).

In sum, neo-Marxian theories contribute to understanding the role of increasing mono-
polization for income inequality and how competition and profit-maximization lead to firm
strategies that further harm the environment. The next section combines the insights from
the neoclassical, ecological economics, post-Keynesian and neo-Marxian approaches.

7 SYNTHESIS

The theories deliver different explanations for the low impact of digitalization on economic
growth and the failure to contribute substantially to reducing environmental throughput.
In the following, I first analyse – based on the pluralistic approach described in Section 2
– the relation between the statements of the different schools of economic thought for eco-
nomic growth (Section 7.1) and for environmental throughput (Section 7.2). The goal of
this synthesis is to develop an integrated and thereby more comprehensive understanding
of the effect of digitalization on economic growth and environmental throughput. After-
wards, I point out major economic policies resulting from this analysis and what these
policies mean for the debate on green growth, de-growth and a-growth (Section 7.3).

7.1 Economic growth

The statements from the different schools of economic thought are partly contradictory
and partly compatible on the topic of economic growth (see Table 1). The neoclassical
perspective emphasizes the limited impact of digitalization on labour productivity. How-
ever, the related criticisms stemming from ecological economics seem plausible. Simply
assigning a large part of economic growth to a factor that cannot be measured (total factor
productivity) puts the neoclassical growth theory in question – and therefore also its expla-
nation of the effect of digitalization on growth. The explanation from ecological econom-
ics contradicts the neoclassical one. Hence, the strategy of test of hypothesis is applied here
(compare Section 2). Introducing useful work as a factor of production explains the largest
part of economic growth. Hence, the hypothesis that the limited impact of digital tech-
nologies on economic growth is related to the low increase in the conversion rate from
primary energy to useful exergy is more plausible than the hypothesis attributing it to
total factor productivity (compare Section 4).

However, the underlying causal explanations from ecological economics of how an
increase in the conversion rate leads to economic growth are not satisfactory. The reasons
are twofold. First, the explanation rests on the causal chain that increases in the conversion
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rate lead to reductions in prices and hence spur consumption demand. However, con-
sumption demand clearly depends on additional factors. Second, the question remains
whether increases in the conversion rate actually lead to (strong) reductions in prices.

The contributions from post-Keynesian and neo-Marxian theories help to shed light on
these issues and are convergent with the ones from ecological economics. Therefore, a strat-
egy of integration is pursued (see Table 1). Post-Keynesian theories emphasize the role of
inequality. The application of digital technologies throughout the economy is accompa-
nied by increasing inequality, which dampens consumption demand. In addition, digital
possibilities are being used by multinational firms to circumvent taxes – making it difficult
for nation states to gather revenues for investment. The effect of digitalization on con-
sumption demand and government spending is a central reason behind relatively low
growth rates.

The neo-Marxian approaches contribute explanations for both the increase in inequal-
ity and the lack of price reductions. As elaborated above, digitalization promotes market
concentration, resulting in the concentration of market power among few firms. This
power enables the firms to reduce wages, which further dampens consumption demand.
In addition, neo-Marxian approaches argue that large firms do not compete via price com-
petition. This argument helps to explain why increases in the conversion rate do not lead
to a growth cycle – because they are not passed on in the form of lower product prices.

Overall, the central reason for digitalization going hand in hand with low economic
growth is its negative effect on demand. This lack in demand is due to: (i) a low increase
in the conversion rate; (ii) monopolistic tendencies leading to reductions in production
costs being insufficiently transformed into lower product prices; (iii) digitalization leading
to higher income inequality, which is due to several factors such as wage polarization and a
decreasing wage share, both related to monopolization; and (iv) an adverse effect on the
ability of governments to collect taxes and thereby to authorize expenditure.

7.2 Environmental throughput

As indicated in Section 1, the fact that digitalization does not substantially reduce envir-
onmental throughput entails two major aspects: that digital technologies are not being
used to reduce the environmental intensity of production and that the environmental

Table 1 Relations of statements regarding digitalization and economic growth

Theory Reasons for low economic growth

Relation: Contradicting
Strategy: Test of hypotheses

Neoclassical • Low impact on total factor
productivity

Ecological
Economics

• Low impact on conversion rate

Post-
Keynesian

• Increase in income inequality
• Reduces ability for government
expenditure Relation: Convergent

Strategy: Integration
Neo-Marxian • Tendency towards monopolies

supports income inequality
• Monopolies and oligopolies prevent
strong reductions in prices despite
reductions in production costs

z
fflfflfflfflfflfflfflfflfflfflfflfflfflffl}

|
fflfflfflfflfflfflfflfflfflfflfflfflfflffl{

z
fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

|
fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{
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footprint of the ICT sector itself is substantial. I investigate the relations of the theoretical
statements from the different economic schools regarding these two aspects in turn.

For the first aspect, the statements of neoclassical theories and ecological economics
seem to be identical at first sight (see Table 2). From both perspectives, digital possibi-
lities have not been used more extensively to reduce the environmental intensity of pro-
duction so far because the relative prices between energy and other production factors
incentivize an intensive use of energy and greenhouse gas emissions. Upon closer inspec-
tion however, the underlying theories differ significantly and contradict each other. In
particular, the neoclassical theories assume substitutability between production factors,
whereas ecological economics approaches see substitution as limited. In addition, neo-
classical economics regards energy as relatively unproductive – compared to the other
production factors, in particular labour. Ecological economics, on the other hand,
regards energy as the most productive production factor. These differences lead to con-
tradicting predictions regarding what would happen if different relative prices of produc-
tion factors would incentivize economic actors to focus the development and application
of digital technologies on reducing environmental intensity. The neoclassical arguments
consider that higher energy prices create incentives for the substitution of energy by
other production factors and thereby allow for further growth. In ecological economics,
a strong increase in the price of energy would lead to applications of digital technologies
that reduce environmental intensities but at the same time cease to increase labour pro-
ductivity and hence would also cease to facilitate economic growth. As these two schools
of thought contradict each other, the strategy of the test of hypothesis is applied. As
argued in Section 4, the reasoning of ecological economics is both theoretically and
empirically more convincing, which is why their implications regarding economic
growth are followed in Section 7.3.

The neo-Marxian school of thought contributes two aspects that tend to countervail
the effectiveness of a change in relative prices and are convergent with the view from eco-
logical economics (see Table 2). Hence, here, a strategy of integration is followed. First,
firms are induced to externalize costs (to the environment) wherever this supports compe-
titiveness and profit generation. Firms thus have an incentive to find loopholes in envir-
onmental regulations or shift environmental problems away from one environmental
dimension towards another one. Second, the neo-Marxian theories point out that profit

Table 2 Relations of statements regarding digitalization and environmental throughput

Theory Reasons for inability to reduce
environmental throughput

Relation: Identical in statement,
contradicting in implications
Strategy: Test of hypotheses

Neoclassical • Relative prices

Ecological
Economics

• Relative prices
• Rebound effects
• Embodied energy

Post-
Keynesian

• Missing government investments
and spending in green sectors

Relation: Convergent or compatible,
both regarding digitalization’s effect
on environmental intensity and
environmental throughput of the
ICT sector
Strategy: Integration

Neo-Marxian • Externalization
• Obsolescence
• Commercials
• Political economy to prevent
regulation

z
fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

|
fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{

z
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|
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generation is strongly linked to using fossil energy, in particular in energy-intensive sec-
tors. Wherever environmental protection leads to lower profits – for example, when higher
energy prices make certain products unprofitable – firms and shareholders will aim at pre-
venting these policies.

Post-Keynesian approaches point out an additional aspect that is compatible with the
ecological economics and neo-Marxian perspectives, and can therefore be integrated: the
lack of public expenditure in digital infrastructures that enable sustainable transitions and
in green digital goods and services. Compared to the contributions by the other schools of
economic thought, this does not concern how the production of certain goods and services
can become less environmentally intensive but concerns how to induce a sectoral change
from dirty towards cleaner goods and services.

The second issue relates to the high environmental footprint of the ICT sector itself.
Here, the ecological economics and the neo-Marxian approaches deliver central insights
and are convergent (see Table 2). Ecological economics argues that the embodied energy
in new digital technologies is substantial. In addition, one explanation of growth in the
ICT sector is rebound effects due to strong efficiency improvements in digital technolo-
gies. The neo-Marxian perspective emphasises the role of sales strategies that include a
short product lifetime (obsolescence), which helps to explain the large number of ICT
devices sold. The other central sales strategy is commercials, which are at the centre of
many digital business models and contribute to non-necessary consumption not only in
the ICT sector but also of goods and services from other sectors.

Overall, the lacking ability of digital tools to reduce the environmental intensity of pro-
duction is mainly due to distorted relative prices, missing government investment into
green digital sectors, and firms’ incentives to externalize environmental costs. The ICT
sector’s increasing environmental footprint can be explained by a combination of rebound
effects, embodied energy, and obsolescence.

8 POLICY IMPLICATIONS AND THEIR RELATION TO THE GROWTH
DEBATE

The empirical findings mentioned in Section 1 show that digitalization has so far been
unable to substantially stimulate growth as well as improve environmental sustainability.
The analyses from Sections 3–6 give insights on which policies could or should be intro-
duced to improve the environmental effect of digitalization. In this section, it is discussed
whether these policies are likely to increase or decrease economic growth.

Table 3 summarizes the main theoretical statements of each school of thought and
visualizes the central policies that could improve digitalization’s environmental effects
and the influence these policies would likely have on economic growth.

Absolute limits or environmental taxes The central policy tools to facilitate the usage of
digital technologies for environmental sustainability are similar to the main tools to reduce
environmental throughput in general: either by absolute limits or environmental taxes.
Both policies go along with an increase in the price of CO

2
emissions and resource

use. Neoclassical and ecological economics differ in their predictions of the impact this
limiting would have on economic growth.

Different forms of ownership in the digital economy In neo-Marxian theories, exploitation
(particularly in markets with monopolies and oligopolies) is mainly due to the profit
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motive of firms. Therefore, proposals regarding the digital economy concentrate on the
ownership structure of firms. By organizing large platforms in cooperatives, by including
various stakeholders or by giving public authorities a stronger role, the driving motivation
of these platforms and firms can be changed and geared towards other –more sustainable –
directions (Berg/Wilts 2019; Scholz 2016).

Public expenditure Government investment and spending in sectors that use digitaliza-
tion and have a relatively low environmental throughput could push economic growth
– for example, investment into the digital physical infrastructure, an energy system geared
towards renewables, but also into better public digital services. But such public expendi-
ture does not necessarily need to imply a positive effect on economic growth. As Harris
(2013b) points out, a green transition entails not only more expenditure in environmen-
tally friendly sectors but also less expenditure in environmentally destructive ones. If
expenditure in such sectors – for example, road construction, air transportation, meat pro-
duction, etc. – is reduced simultaneously to the increase of expenditure in environmen-
tally friendly digital sectors, the effect on economic growth would be neutral or even
negative.

Sufficiency in the ICT sector including longevity regulation and regulating commercials The
policies suited to responding to the substantial environmental throughput by the ICT

Table 3 Environmental policy responses and their impact on economic growth

Theory Reasons for inability to
reduce environmental
throughput

Policy responses Impact on
economic
growth

Neoclassical Relative prices Absolute limits or
environmental taxes

Uncertain

Ecological
economics

Relative prices Absolute limits or
environmental taxes

Negative

Rebound effects Sufficiency in the ICT sector –
e.g. longevity of devices or
data-saving codes

Negative

Embodied energy Sufficiency in the ICT sector –
e.g. longevity of devices or
data-saving codes

Negative

Post-
Keynesian

Lack of public expenditure
in digital infrastructures
for sustainable transitions
and in green digital goods
and services

Public expenditure on
investment and in green
digital goods and sectors

Uncertain

Neo-
Marxian

Externalization Different forms of ownership
in the digital economy

Uncertain

Obsolescence Longevity regulation Negative

Commercials Regulation of online commercials Negative
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sector itself are also clearly growth-reducing. Achieving greater longevity of devices would
reduce the number of sales. Introducing software that requires less processing power and
less server capacity would reduce the price of end devices and the cost of investment in the
network infrastructure and server capacities. And regulating commercials would reduce
the sales in other sectors as well.

Redistribution and political economy Redistribution is not directly aimed at improving the
environmental effect of digitalization but should also be borne in mind. As argued in Sec-
tion 5, digitalization is associated with increasing income inequality, which tends to
reduce economic growth. Implementing policies to counteract this development and
reduce income inequality would induce more private consumption and spur economic
growth. The political economy of the digital economy has important implications on
the feasibility of all policies proposed so far. However, discussing how this feasibility
can be improved goes beyond the scope of this article.

The vast majority of policies suggested here reduce economic growth (compare the last
column in Table 3). However, it is not possible to compare the sizes of effects of the dif-
ferent policies and these sizes also depend on the concrete policies and specific circum-
stances. Also, the public expenditure in digital infrastructures for sustainable transitions
and in green digital goods and services have arguably a large potential for increasing eco-
nomic growth.

Therefore, the policies suggested here match well with a-growth approaches. The major
reason is that a-growth positions also argue that it is unclear whether environmental poli-
cies will lead to economic growth or economic shrinkage.

9 CONCLUSION

The analysis of this article started from many hopes being associated with digitalization to
facilitate environmental sustainability and green growth. Based on empirical findings that
this has not been the case so far, I discussed possible explanations from the perspective of
different schools of economic thought, based on a pluralistic methodology.

It turned out that many of the contributions from these schools can be integrated
into a more comprehensive understanding of why digitalization does not lead to strong
economic growth or a speedy reduction in environmental throughput. Regarding eco-
nomic growth, it is not primarily and certainly not only the limited capability of digital
technologies to increase labour productivity, as argued by neoclassical economics.
Rather, the application of digital technologies as it takes place at the moment goes
along with low aggregate demand, primarily explained by digitalization’s effect to
increase income inequality. This low aggregate demand is the major connection
between digitalization and its low effect on economic growth. The inability of digita-
lization to substantially improve environmental sustainability can be explained by a
combination of distorted relative prices of inputs, missing government investment,
and a combination of factors responsible for the high environmental footprint of the
ICT sector.

Looking at the policies following from this pluralistic approach to improve the effect of
digitalization on the environment suggests that it is unclear whether the combination of
such policies would foster or dampen economic growth. Therefore, gearing digitalization
towards supporting environmental sustainability is compatible with an a-growth, rather
than a green-growth, strategy.
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