Green growth or degrowth? Evaluating the potential of technology for sustainability

Abstract

The raging debate between green growth and degrowth continues. Technology is a focal point in this debate as
the advocates of green growth and degrowth have contradictory views on the roles and impacts of technology on
environment and society. Green growth advocates believe that technology can allow indefinite growth while
simultaneously ensuring environmental and societal sustainability, whereas the degrowth advocates argue that
technological progress cannot allow indefinite growth. These views are largely opinion based rather than informed
by objective and systematic analyses because comprehensive tools to evaluate the roles and impacts of technology
on environment and society do not yet exist. This paper develops a much-needed framework to comprehensively
evaluate the roles of technology on environment and society by analysing the interactions among the dimensions
of technology, environment, economy and society. Key parameters that characterise technology are proposed for
its evaluation and the policy implications of technological evaluations are examined. Finally, potential future
research directions are explored. The technological evaluation approach proposed in this paper has a potential to
significantly advance the green growth versus degrowth debate.
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1. Introduction

Green growth and degrowth are two contradictory economic paradigms and the debate between these two
paradigms continues. The Organisation for Economic Co-operation and Development (OECD) envisions green
growth as a means of “fostering economic growth and development, while ensuring that natural assets continue
to provide the resources and environmental services on which our well-being relies” (OECD, 2019). Green growth
therefore assumes that economic growth can be maintained indefinitely while also sustaining natural assets at the
same time. Innovation and technology are implicitly assumed to be the instruments to achieve continuous
economic growth while sustaining natural resources. Degrowth, on the other hand, argues that it is impossible to
achieve indefinite economic growth in a finite world given the ecological boundaries (Boonstra and Joosse, 2013;
Buch-Hansen, 2018). The degrowth paradigm implicitly assumes that no degree of technological progress can
indefinitely sustain economic growth and environmental assets simultaneously.

Technology is at the heart of green growth versus degrowth debate as technological progress and innovations are
assumed to be the main drivers of green growth. Therefore, it is very important to evaluate technology for its
potential to achieve green growth indefinitely. A crucial question that both green growth and degrowth advocates
need to address, and which still has not yet received sufficient attention by the research community is: how can
the potential of technology to maintain long term green growth and create a sustainable society be objectively
evaluated? An attempt to answer this question has been made here. This paper contributes in advancing the green
growth versus degrowth debate by developing an approach to evaluate technology for its capability in maintaining
long term green growth and creating a sustainable society. Furthermore, this paper stimulates discussions on the
public policy question: how to decide whether any given technology should be advanced and implemented or
phased out?

This paper is organised as follows. First, growth versus degrowth debate and the roles of technology in this debate
are explored in the context of sustainability (Section 2). Then, complex interactions among technology,
environment, economy and society are analysed to create a framework that enables evaluation of technology
qualitatively and quantitatively (Section 3). Based on this analysis, key parameters to evaluate technology for its
potential to create a sustainable society and advance growth versus degrowth debate are proposed (Section 4). An
approach to optimise technological design in terms of proposed parameters is outlined, followed by discussions
on policy implications of technological design and future research directions (Section 5). Finally, conclusions are
presented in Section 6.

2. Green growth, degrowth, technology and sustainable society

The ongoing debate between green growth versus degrowth has a long history and may be considered a new
version of Cornucopians versus (neo-)Malthusians debate. The cornucopian perspective is that the world is a place
of infinite resources and the human ability to adapt and innovate is generally able to compensate for apparent
shortages of any particular natural resources. Consequently, Cornucopians have optimistic view on the potential
of technological advancement (Laugs and Moll, 2017) which is similar to the views of green growth advocates.
Malthusians, on the other hand, have a perspective that there are severe limits to growth and resource use, and an
unchecked growth will exceed the earth's carrying capacity thereby leading to disasters (Chenoweth and Feitelson,
2005). Therefore, the Mathusian view implicitly assumes that technology cannot sustain economic and population
growth indefinitely. While there may not be a consensus about the meaning of the term “Technology” (Lawson,



2008), this paper uses the term “technology” to refer to the macro view of “technological system”. Leoncini (1998)
utilises a holistic concept of technological system to describe a system that constitutes of four main building
blocks, namely, a hard core of technological and scientific knowledge, a constellation of technical systems, the
market environment, and the institutional interface (Leoncini, 1998).

The cornucopian perspective on the potential of technology is opposite to that of Malthusian perspective. While
the Cornucopians perceive technology as an ultimate solution, the Malthusians acknowledge the limitations of
technology by implicitly assuming that technology cannot solve the resource scarcity problems caused by
indefinite growth. This also holds true for green growth versus degrowth debate. Green growth views technology
— particularly clean technology, information and communication technology, and renewable energy — as a tool to
sustain indefinite growth. On the contrary, degrowth argues for slowing down the growth process and implicitly
assumes that technological progress and innovation cannot sustain indefinite growth.

Similar to green growth and degrowth discourses, impacts of technology on environment and larger society have
been viewed positively as well as negatively by the contrasting doctrines of technological optimism and
insidiousness of technology (Whyte et al., 2017). Technological optimism argues for green growth or eco-growth
whereas insidiousness of technology argues for degrowth. The basic principle of technological optimism is that
economic growth and environmental sustainability can both be simultaneously achieved through technology, and
an argument that information and communication technology can help achieve this (Perez, 2016) is one example.
Likewise, numerical modelling (Nasrollahi et al., 2020) has shown positive relationship between sustainability
and technology to further build the case for technological optimism. In contrast, it has been pointed out that
technological optimism is not based on explicit conceptual assessment, and the factual role of technology and its
beneficiaries are almost never clearly addressed in sustainability discussion (Gonella et al., 2019). Similarly,
Keary (2016) posits that the notion that technological change can solve environmental problems is based on a
flawed assumption that technological innovations are predictable. An example is the unfulfilled promise of carbon
capture and storage technology, where inflated blind techno-optimism which ignored many risks and uncertainties
led to a sense of technological disillusion in Japan (Asayama and Ishii, 2017). It has also been argued that
technological optimism does not account for the ambivalences of technology and its unintended consequences
(Grunwald, 2018).

Technology may be an ambivalent dimension (Feenberg, 1990) in and of itself which can either support or inhibit
the establishment of a sustainable society. For instance, a group of scientists (Vinuesa et al., 2020) from various
fields have expressed that artificial intelligence technology in particular can have both positive and negative
impacts on achieving the sustainable development goals. Given the central roles of technology in sustainability
and green growth versus degrowth discourses, frameworks and tools to evaluate impacts of technology are crucial
and warrant greater attentions from the research community. This paper contends that until robust scientific
methods, frameworks and tools are developed to evaluate the role of technology on environment and society, no
progress on green growth versus debate can be made. While framework for attitudes towards technology in the
context of ecological economics has been developed (Kerschne and Ehlers, 2016), frameworks based on empirical
evidence that evaluate the roles of technology on environment and society are still lacking. Hence, an attempt is
made here to develop a framework to evaluate the role of technology on environment and society by analysing
the interactions among technology, environment, economy and society (see Section 3). The framework seeks to
provide a much needed tool (Gonella et al., 2019) to conduct broad and long-term assessments of technological
sustainability. The main aim is to create a framework that evaluates technology objectively, precisely and
empirically rather than subjectively. Debates such as technological optimism versus insidiousness of technology
and green growth versus degrowth have largely been driven by opinions and theories rather than by objective
evaluations or empirical studies. Examples include justifying degrowth based on critical social theory (Sandberg
et al. 2019) or advocating for green growth based on potential of information and communication technology
(Perez, 2016).

Another aim of the framework developed here is to stimulate a discussion on standard tools and methodology to
evaluate technology. In addition to significantly contributing towards leveraging technology for global
sustainability, standardised methodology to evaluate technology will also greatly advance the green growth versus
degrowth debate. It has been pointed out that the advocates of degrowth need to develop a clearer position
regarding expectations from technological progress (Grunwald, 2018), and the framework provided here could
help them develop such position.

3. Interaction among technology, environment, economy and society

This section analyses interactions among four dimensions: technology, environment, economy and society, in
order to develop a conceptual framework to evaluate technology. Technology is a very complex dimension that
interacts closely with almost all aspects of human society and therefore its impacts cannot be evaluated by merely
considering environment in isolation while excluding economics and societal aspects. Rather, complex
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interactions among all four dimensions mentioned above need to be analysed to assess technological impacts and
the trade-offs created by technology. There are few approaches to quantify the impacts of technology on
environment such as STIRPAT (Stochastic Impacts by Regression on Population, Affluence and Technology) and
Decomposition Analysis (Vélez-Henao et al., 2019), however, these approaches operate in a narrow boundary
and do not take societal aspects into account. The framework provided here could therefore supplement existing
approaches in evaluating technology from multiple perspectives. Furthermore, the analysis conducted in this
section can be used for both qualitative and quantitative evaluations of technology as it may not be possible to
quantify every technological impact. Quantitative models typically have an implicit assumption that technological
change, which is strongly affected by human and societal behaviours, can be rationally and mathematically
modelled. However, humans are not supercomputers that are constantly computing for optimal decisions and the
notion that humans are rational agents that only make rational decisions have been challenged by many scholars
(Kahneman, 1994; Mercure et al., 2016). Therefore, the analysis of interactions among technology, environment,
economy and society conducted below allows for building both qualitative and quantitative models.

Economic agenda such as maximising productivity to increase profit drive technological innovations which have
environmental impacts. These impacts lead to environmental policy interventions which can constrain or
incentivise path of technological progress (Jaffe et al., 2003). A study in China (Guo et al., 2017) has concluded
that environmental regulations positively influence technological innovations, which in turn have positive impact
on regional green growth performance. However, technology enabled resource overuse also leads to inequality.
As argued by Mirza et al. (2019), access to technology, or the lack thereof, may be a mechanism that fuels resource
degradation and consequently push most vulnerable members of society into a poverty trap. This is because the
rich will have access to technologies that enable them to maintain their wealth at the expense of the poor, whereas
poor will not have access to the technologies. There exists a nexus among economy, environment, inequality and
quality of life. For example, environmental toxicity has disproportionate effects on low income groups in US cities
(Sampson, 2017), and Drupp et al. (2018) have concluded that economic inequality affects the value that society
attaches to natural capital. According to them, reduction in economic inequality increases the value that society
places on natural capital, and therefore, valuation of environmental goods and distribution of incomes should be
studied simultaneously.

Technology and society also have co-dependent relationship with each other and as argued by Safarzynska and
van den Bergh (2017), technological change results from interactions within and between consumer and producer
populations. By giving an example of smartphone industry, they point out how brand loyalty and social
comparisons make many consumers frequently upgrade their phones thereby driving technological innovation in
smartphone industry. This implies that income inequality and social status affect consumption pattern (agent
heterogeneity), which in turn affect both the economy and the environment. These show intimate relationships
among technological, environmental, economic and societal dimensions. Therefore, it is necessary to analyse the
complex interactions among these dimensions to develop a framework which evaluates the roles of technology
on environment on society. Consequently, a framework that evaluates technology should take into account both
societal parameters — such as quality of life and income inequality — and environmental parameters such as natural
capital depletion.

Basic overview of interactions among technology, environment, economy and society is represented in Figure 1.
This figure is created to identify key parameters that can be utilised to evaluate technology (see Section 4). This
schematic diagram (Figure 1) can also act as a template to build quantitative models such as system dynamics
models or agent based models. Furthermore, this diagram may also be utilised for qualitative analysis. It is
noteworthy that the template of interaction shown in Figure 1 is just one example intended to initiate broader
discussions on the topic and many similar templates could be created. Figure 1 shows that the three pairs — society
and technology, society and economy, and economy and technology — reinforce one another and are co-dependent.
Additionally, technology is shown to reinforce itself through innovation. This is because a technology can aid in
the development of another new technology and the technological dimension is inherently self-enforcing. Figure
1 also shows that environment is more strongly impacted by economy, technology and society, whereas the reverse
impacts of environment on them are shown to be relatively weak (represented by dashed arrows in Figure 1) in
modern times. This is because technology has allowed humans (particularly the rich) to largely “control” the
environment over the past few centuries. However, technological advancement has also led to global
environmental problems such as climate change, pollution and depletion of natural resources, and to what extent
technology can solve or control these problems is debatable. It may be noted here that Figure 1 is presented to
illustrate the need for system thinking approach as technology, environment, economy and society are intimately
connected and cannot be studied in isolation.



Figure 1: Interactions among technology, environment, economy and society
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Once the template of interactions among economy, environment, technology and society is developed as shown
in Figure 1, it is necessary to identify parameters that characterise these dimensions and their interactions. The
parameters need be objectively verifiable so that technology can be empirically, accurately and objectively
evaluated for its role in environment and society. Key economic, environmental, technological and societal
parameters are identified in the following section so that technology can be evaluated in terms of these parameters.

4. Parameters for technology evaluation

This section identifies key parameters that characterise the interactions among technology, environment,
economy and society. The effects of technology on these parameters can evaluate the roles of technology on
environment and society. Comprehensive evaluation of technology is a very important step toward understanding
whether technology can sustain economic growth indefinitely and therefore an attempt to create a framework for
holistic evaluation of technology is made in this paper. There are only very few literatures that evaluate the roles
and impacts of technology on environment, economy and society holistically, with most available literatures
isolating technological effects on economy (Dinger et al., 2019; Link, 1993) or environment (Munir and Ameer,
2018). Comprehensive framework to assess the roles of technology on environment, economy and society



holistically has not yet been developed to the knowledge of the author. Therefore, key parameters necessary for
such framework are identified in Table 1. Potential indicators that can be utilised to quantitatively characterise the
identified parameters are also presented. It may be noted here that these parameters are not an exhaustive list but
a starting point for broader discussions on this topic.

Table 1: Parameters to assess technology and potential quantitative indicators

Dimensions Assessment Parameters Potential Quantitative Indicators
Society Quality of life, income inequality, consumption pattern, | Human Development Index (HDI),
access to natural resources and technology, violent conflict | Sustainable HDI, Gini Index,
consumption rates, water footprint,
penetration rate etc.

Environment Climate change, natural capital depletion rates, pollution | Atmospheric COz emissions, global
surface temperature, global sea ice
extent, global precipitation
anomaly, global solar irradiance,
natural capital depletion rates,
reserve to production ratios, metrics
for local air, land and water

pollution etc.
Economy Gross Domestic Product (GDP), unemployment rates GDP, unemployment rates etc.
Technological Efficiency, ease of adoption and diffusion, level of | Efficiency, potential change on
modularity, decoupling energy-GDP elasticity etc.

potential

Quantifying potential effects of a technology on the assessment parameters (Table 1) may be the most precise
approach to evaluate its impacts and analyse the trade-offs caused by the technology. Therefore, indicators that
can numerically measure the technological effects on the parameters are identified wherever possible (Table 1).
In cases where the effects of technology on the parameters cannot be directly quantified, proxy numerical
indicators are proposed. However, quantification may not be possible in all cases and qualitative evaluation of
technology may have to be conducted. This can be done based on interaction models such as Figure 1. The
parameters and the indicators to quantitatively characterise them are discussed below:

4.1. Societal dimension

As shown in Table 1, societal dimensions could be characterised by five parameters, namely, quality of life,
income inequality, access to natural resources and technology, consumption pattern and violent conflict. Quality
of life may be quantifiably measured using Human Development Index (HDI) which evaluates human
development across three indicators, i.e., life expectancy, adult literacy and adjusted gross development product
(Anand and Sen, 1994). However, it has been pointed out that HDI fails to include ecological and sustainability
concerns (Sagar and Najam, 1998; Biggeri and Mauro, 2018; Doris et al., 2020) and more comprehensive
indicators for measuring quality of life that include sustainability and other aspects of well-being may be needed.
Sustainable HDI (SHDI) proposed by Biggeri and Mauro (2018) may therefore be utilised to measure quality of
life as the SHDI contains two additional indicators, freedom and environment, in addition to the three indicators
considered by traditional HDI.

Another societal parameter is income inequality which can be quantitatively measured by Gini index. The Gini
index measures the degree of individual or household income inequality with the value of zero representing perfect
equality and 100 representing perfect inequality. Consumption pattern, which is another parameter, may be
numerically measured by total primary energy consumption. Other indicators to measure consumption pattern
could be consumption rates of non-renewable energy sources, water footprint et cetera.

The remaining two societal parameters, access to natural resources and technology and violent conflict are highly
intertwined. Unequal access to natural resources and environmental changes have been linked with violent
conflicts (Bernauer et al., 2012) and it may be argued that most violent conflicts are results of unequal access to
opportunities, natural resources and technology. Total number of violent conflicts per year due to unequal access
may be utilised to measure the parameter violent conflict. Likewise, penetration rate of a given technology may
be used as a proxy indicator to objectively measure access to that technology.

Roles and impacts of technology on the societal parameters can be numerically evaluated once the all the societal
parameters are quantified. Mathematically, technological impact on society (T;) may be expressed as a function:
T, = f(Q,E,C,A V), where Q,E,C,A,V are quantitative measures of quality of life, income inequality,
consumption pattern, access to natural resources and technology, and violent conflict respectively. The exact



mathematical expression for T, depends on indicators chosen to quantitatively measure Q, E, C, A and V, and while
indicators described above are potential candidates, further fine-tuning may be carried out on case by case basis.
Qualitatively, technology should improve quality of life, reduce income inequality, reduce consumption pattern,
improve equal access to natural resources and technology, and finally, reduce violent conflict. Therefore,
technology meeting these conditions should have high numerical value for T, and the technology which does not
meet these conditions should have low T value. Consequently, T, should have positive correlation with numerical
indicators characterising quality of life and equal access to natural resources and technology, whereas, T, should
have negative correlation with numerical indicators characterising income inequality, increased consumption
pattern and violent conflict. Thus, technological impacts on society can be qualitatively or quantitively evaluated.

4.2. Environmental dimension

Environmental dimension may be characterised by three parameters to evaluate the impacts of technology on
environment. These three parameters are: climate change, natural capital depletion rates and pollution (Table 1).
Potential quantitative indicators for climate change could be atmospheric CO, concentration, global surface
temperature, global sea ice extent, global mean sea level, global precipitation anomaly and possibly total solar
irradiance (Bhargawa and Singh, 2019). Likewise, potential quantitative indicators for natural capital depletion
rates could be reserves to production ratios of non-renewable energy resources, rare earth minerals et cetera.
Finally, qualitative and quantitative indicators for pollution could be based on life cycle analysis and
environmental impact analysis of the technology. Local air, water and land pollution metrics also should be
considered. After quantitative indicators for assessment parameters of environmental dimension are ascertained,
technological impact on environment (T,) may be mathematically expressed as a function of the parameters as:
T, = f(C.,D,P) ,where C., D and P are quantitative indicators for climate change, natural capital depletion rates
and pollution respectively. The exact mathematical equation for T, may depend on the technology being assessed
and therefore may change on a case by case basis.

Although there may not exist a universal mathematical expression for T, in terms of the environmental assessment
parameters, it can be stated that impacts of technology should reduce climate change, natural capital depletion
rates and pollution. This normative approach can also be utilised for qualitative evaluation of technological
impacts on environment in cases where quantitative evaluation is not possible. Also, the technology meeting the
above criteria should have high T, value whereas the technology not meeting it should have low value.
Consequently, T, should have negative correlation with numerical indicators characterising increase in climate
change, natural capital depletion rate and pollution.

4.3. Economic dimension

The assessment parameters for economy are chosen as GDP and unemployment rate which are numerical
indicators in themselves. Therefore, impact of technology on economy (7;,) can be mathematically expressed as a
function, T, = f(GDP, U), where U is unemployment rate. For qualitative assessment, technology should increase
GDP and reduce unemployment rate, and quantitatively, T, should increase with GDP and decrease with
unemployment rate.

4.4. Technological dimension

Four assessment parameters are identified to evaluate technological dimensions, viz., efficiency, ease of
adoption and diffusion, level of modularity and decoupling potential. Efficiency may refer to energy efficiency,
production efficiency or some other technical efficiency characterising the performance of a technology in a case
by case basis. Since efficiency is a quantitative parameter, it allows for objective and precise measurement of
technological impact. Another parameter is related to technology adoption and diffusion, which has been
considered as one of the key factors in transitioning to a sustainable society (Mercure et al., 2016) as a technology
that has higher ease of adoption and diffusion is likely to have higher impacts. Several approaches to quantitatively
evaluate adoption and diffusion of technology have been described by Mercure et al. (2016).

Another assessment parameter for technological dimension is level or degree of modularity. As argued by Wilson
et al. (2020), small-scale granular (or modular) technology offers higher potential of efficiency gains, faster
diffusion, lower investment risk, faster learning and faster decarbonisation. Quantifiable indicators for level of
modularity could depend on case by case basis for product modularity and process modularity (Modrak and
Soltysova, 2018). The final assessment parameter for technological dimension is decoupling potential of
technology in terms of decoupling economic growth and consumption of energy and resources. The green growth
discourse which dominates current policy agenda is based on the assumption that decoupling environmental
pressures from GDP could permit indefinite economic growth (Hernandez et al., 2020). Therefore, decoupling
potential will help evaluate the green growth discourse. Proxy quantitative indicator to measure decoupling



potential could be calculating the potential energy-GDP elasticity (Burke and Csereklyei, 2016) change caused
by the technology under evaluation.

After choosing all the quantifiable indicators, impact of technology on technological dimension (T;) can be
expressed as a mathematical function as: T; = f(r;, E, M, Dp), where 7 is efficiency, E, is ease of adoption and
diffusion, M is level of modularity and D, decoupling potential. For both qualitative and quantitative analysis,
technology should increase efficiency, have high ease of adoption and diffusion, high level of modularity and high
decoupling potential.

5. Discussions
This section presents an approach to optimise technological design based on the assessment parameters
(Section 4), discusses the implications of evaluating technology and sets out research agenda for future research.

5.1. Optimising technological design

The aggregated impacts of technology on the four dimensions, namely, society, environment, economy and
technology are mathematically characterised as Ts , T, , T, and T, respectively in Section 4. Since higher numerical
values of these terms indicate relatively more positive impacts and lower values indicate relatively less positive
(or even negative) impacts, overall impact of technology (T) may be expressed as a function as: T = f (T,
T, ,T,,T.), where the mathematical function should be chosen in such a way that higher values of T represents
more positive impacts and lower values represent less positive impacts. In this way, designing process of any
technology can be viewed as an optimisation problem where the value of T is maximised. It may be noted here
that the numerical value of T represents an aggregated estimate of impacts of technology that accounts for all the
four dimensions discussed in Section 4, i.e., societal, environmental, economic and technological.

It is noteworthy that numerical optimisation may not always be possible for evaluating and designing technology
given the complexity of interactions among different dimensions. Complexity increases as the interactions among
assessment parameters (see Table 1) increases for a given technology. For instance, a technology that increases
GDP (economic dimension parameter) could improve quality of life (societal dimension parameter) but it may
also increase natural capital depletion (environmental dimension parameter) and income inequality (societal
dimension parameter) — particularly if the considered technology is accessible only to rich people (another societal
dimension parameter). Developing mathematical relationships for all the assessment parameters listed in Table 1
may not always be practical and computationally feasible for technology evaluation. Furthermore, the trade-offs
created by a technology on the parameters are also not always obvious. For instance, normative propositions (or
value judgements) that technology should have high ease of adoption and diffusion and high level of modularity
have been made while discussing parameters for technological dimension (see Section 4.4). This is because both
the assessment parameters — level of modularity and ease of adoption and diffusion — are argued to have great
potential for sustainable transition (Mercure et al., 2016; Wilson et al., 2020). However, high level of modularity
and high ease of adoption and diffusion can also create technological lock-in effects (Mercure et al., 2016) where
status quo is maintained and transitions to sustainability does not happen. Since a given assessment parameter can
have positive, as well as negative impacts, quantitative approach may not be possible in some scenarios. Moreover,
there can be cases where there are no clear dependant and independent variables for mathematical formulations,
which may further limit numerical modelling. This can happen if technology cannot be mathematically defined in
terms of other parameters (either dependant or independent variables) because of the complex interrelationships
of technology (see Figure 1). Therefore, qualitative analyses to design, optimise and evaluate technology may also
be needed to supplement quantitative approaches. Approaches to evaluate quantitative aggregates as Ts , T, , T,
and T that assess the impacts of technology for each dimension are presented in this paper and similar approaches
are also needed for aggregated qualitative assessments. Framework for such qualitative assessments is beyond the
scope of this paper and is a limitation of this study.

5.2. Policy implications

Evaluation of technology using the approach described above will help set reasonable and rational expectations
from technology which can have several policy implications. Firstly, broad evaluation of technology in general
will advance the green growth versus degrowth debate and help decide whether policy agenda should be
underpinned by green growth or degrowth discourse. Currently, international organisations such as United Nations
and OECD have adopted green growth policy without critical evaluation of technology. Secondly, evaluation of
technology will help guide the direction of technological advancement and evolution. It will allow for
technological progress to be in consonant with environmental and societal sustainability by supporting the
systematic decision-making process on whether to promote, discourage or ban a given technology.

Regulatory and policy decisions on impacts of a technology on environment and society need to be informed by
rigorous evaluation of technology under consideration, as not doing so can have unintended consequences. For



instance, Cavoski (2017) argued that European Union’s overriding interest in regulating CO, emissions from
vehicles led it to incentivise diesel technology which had unintended consequence of high level of air pollution.
Also, current innovation systems are largely guided by institutions that primarily reflect the goals of the powerful
rather than those of impoverished, marginalized, and future populations (Anadon et al., 2016). Consequently,
innovations are not aligned with the goals of sustainability. In this context, rigorous evaluation of technology
using the approach presented in this paper can help in guiding and deploying technologies that can lead to
sustainable societal transition.

Systematic and rigorous evaluation of technology based on qualitative as well as quantitative tools — for which
this paper is a preliminary step — will support policy decisions regarding which technology to promote, which to
discourage, ban or phase out. This will guide technological innovations in such a way that all the technology
assessment parameters (Table 1) are maintained at optimal levels in order to create a sustainable and equitable
society.

5.3. Future research directions

Evaluation of technology may be considered a “wicked problem” because of its complex interactions with
environment, society and economy. This is one reason why the roles and impacts of technology have been
endlessly debated between the green growth camp and the degrowth camp with their contradicting views on
technology. Another reason is that the views of scientists and researchers regarding the roles and impacts of
technology are primarily based on subjective opinions rather than on rigorous scientific analyses and empirical
studies, mainly because there are no robust scientific assessment tools for technology. In this context, more
research is needed to develop tools and techniques to evaluate broad impacts of technology on environment and
society. Five important research themes and questions that need to be addressed are as enumerated. 1) How can
the aggregated roles and impacts of technology be evaluated qualitatively? While this paper provides a quantitative
framework for estimation of aggregated effects of technology as a numerical parameter T (see Section 5.1), similar
conceptual framework for qualitative evaluation is lacking. 2) How should technological advancement be guided?
Or should technology be allowed to progress organically without conscious human intervention? 3) Is full
decoupling between economic growth and energy and resources consumption possible by technological
intervention? If not, what degree of decoupling is possible and is it sufficient to allow indefinite economic growth
while ensuring sustainability? 4) Circular economy has been viewed as an important approach to minimise
harmful environmental impacts of economic growth through resource sharing and recycling. How to evaluate a
potential of a technology to disrupt or enable circular economy? Disruption can happen, for example, if a new
technology makes extraction of raw materials cheaper than recycling. Such technology will discourage recycling,
and while this may produce temporary economic benefits, it will be catastrophic to environment in the long run.
On a more general level, how to ensure that a disruptive technology always have positive environmental and
societal impacts? 5) How can equality in access to technology be achieved? If advanced technologies are only
accessible to the rich and powerful, violent conflicts that jeopardise societal stability are bound to happen.

In addition to addressing the broader questions mentioned above, further research is also necessary to enhance the
framework developed in this paper to formulate robust tools for technological evaluation. Modelling equations
need to be developed based on the mathematical functions suggested in Section 4 and Section 5.1. This will allow
the application of quantitative tools such as system dynamics or agent-based modelling to estimate the value of T
(see Section 5.1) for technology evaluation.

6. Conclusions

Potential roles and impacts of technology on environment and society have been a subject of great debate with
arguments for technology mediated green growth as well as for degrowth that is based on principles of
insidiousness of technology (or Malthusian ideas). However, comprehensive tools to evaluate the roles of
technology still do not exist and this paper is a preliminary step towards creating such tools as it develops an
approach to evaluate technology holistically. Key parameters to evaluate roles of technology on environment and
society are identified here based on interactions among technology, environment, economy and society. A
quantitative framework for this evaluation is presented by suggesting an aggregate parameter T (Section 5.1)
whose numerical value represents overall impacts of technology that considers environmental, societal, economic
and technological dimensions. The limitation of this paper is that it only proposes a quantitative framework to
assess aggregated technological roles and impacts, however, similar qualitative conceptual framework is also
needed.

This paper highlights the importance of adopting a system thinking based holistic approach that takes interactions
among technological, environmental, economic and societal dimensions into consideration while setting policies
for technology and the environment. Since these dimensions are intimately connected, policies informed by
studies that only consider technology, economy, society or environment in isolation are unlikely to be optimal.



Holistic evaluation framework for technology proposed in this paper aids in systematic and objective assessment
of roles of technology in green growth versus degrowth debate.
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