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ABSTRACT: We provide a broad discussion of the dark side of innovation, before introducing 
the papers of the special issue. We start with a critical reply to optimists, complementing the list 
of indicators showing steady human progress with a list of indicators that show sustained 
deterioration (largely due to innovation). We then outline some relevant dimensions of harmful 
innovation, before distinguishing between the types of harm brought on by innovation. We 
conclude with an overview of the SI papers. 
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1. Introduction 
 
1.1 From optimism to pessimism 
 
For writers such as Steven Pinker (for example, in his book ‘Enlightenment Now’), the human 
condition is steadily improving, and this improvement can be picked up across a range of 
indicators: fewer homicides, fewer infant deaths, longer life expectancies, improving human 
rights, increasing literacy, increasing average education, increases in mean (and also median) 
wealth, fewer people in extreme poverty (less than $1/day), etc. 
 
However, while not denying significant progress in some areas, it also seems worth compiling 
an alternative list of dimensions where public health and environmental wellbeing are 
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deteriorating, and highlighting that many of these are probably due to innovation: the 
appearance and rise of lung cancer (it was relatively unheard of, even among doctors, by 1900: 
Proctor, 2012); the problematic increase of allergies such as asthma (which are somehow 
conspicuously absent in Amish communities, Holbreich et al., 2012); the rapid increase of 
anaphylactic shock (Lee, 2017); the prolonged decrease in human sperm counts (Levine et al., 
2017); the positive relation between new cancer cases and per capita income (which cannot be 
explained by improved detection potential or longer lives: Luzzati et al., 2018); the rise of 
childhood obesity (Ebbeling et al., 2002); the global burdens posed by air pollution (Akimoto, 
2003), the collapse of insect populations (Kunin, 2019); pervasiveness of fluorinated chemicals 
in the environment (Lim, 2019), plastic waste accumulating in the oceans (Cressey, 2016); the 
“annihilation” of vertebrate populations in the context of the current human-induced mass 
extinction event (Ceballos et al., 2017); the increasing share of Earth’s surface made desolate 
and uninhabitable by human activity (e.g. Chernobyl, Fukushima, polluted battlefields such as 
Verdun in France (Bausinger et al., 2007),1 the Union Carbide disaster area in Bhopal with 
continuing groundwater contamination, perhaps also including landfill sites, nuclear waste 
disposal areas, former mining sites, landmine fields); and so on.  
 
Rather than cherry picking data to support a preconceived view that innovation is always good 
or always bad, there is a need for a more nuanced discussion that rearticulates an old point: 
innovation has a direction as well as a rate of change (Nelson, 1962). Innovation can have good 
and bad effects, and those positive and negative outcomes are typically unevenly distributed. 
Choices about innovation are therefore complex and often contested, and the selection 
environment that weeds out the “bad” innovations is not something that can be taken for 
granted. Nor can it be assumed in a pluralistic society, let alone world, that definitions of what 
counts as good or bad are universally or even widely shared.  
 
In recent years, policymakers have often forgotten that innovation has a direction and usually 
take it for granted that ‘innovation is good’ and hence, ‘more innovation is better’. For example, 
when they directly compare the performance of countries using indicators such as R&D 
spending or patenting, more is assumed to be better. Understanding the downsides of innovation 
might therefore help inform better policy. This editorial, and the special issue, seeks to provide 
a bit more balance by giving space to suggestions that innovation is not always a force for good.  
 
To do so, we discuss some dimensions we deem useful to conceptualize the link between 
innovation and its possible harmful effects (section 2); we present a (non-exhaustive) list of 
conceptually distinct types of harms (section 3); we then discuss three broad unanswered 
questions from a more practical to a more theoretical perspective (section 4) and, finally; we 
conclude presenting the papers of this special issue. 
 

2. Dimensions of harmful innovation 
 
This section sets out a number of dimensions according to which innovation may be harmful. 
 
2.1 Issues of scale: Explorations by lead users vs the dependence of mass 
consumers 
 

                                                           
1 https://twitter.com/PaulMMCooper/status/989100350044082176  
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Small problems due to one-off explorations are generally accepted to be benign and acceptable. 
For example, small scale pollution from a pioneering scientific experiment is probably 
acceptable to most people. But if this scales up through the everyday habits of millions of 
consumers worldwide, harmful effects can accumulate and interact, and new problems can 
appear. The example of congestion and pollution is a classical case used by economists to 
illustrate that (public) goods have a capacity beyond which interference (or cumulative) effects 
become noticeable to then increase disproportionally (Rothenberg, 1970). Similar effects apply 
in many other circumstances and political decisions about the impact of a technology may 
mistakenly be made by focusing on the initial circumstances, rather than the problems that 
emerge when the technology diffuses and is used at scale.  
 
 
2.2 End-of-product-life considerations 
 
Another dark side of innovation relates to end-of-product-life considerations, that are 
predictable from the start, but often ignored until the end. Examples include the disposal of 
nuclear waste, mining clean-up operations, and heavy metal leakage from the recycling of 
electronic waste. With new technologies, and especially technologies with long working lives, 
these end of life costs may be uncertain. In some instances, a new technology can reduce these 
costs, but in many others rising social expectations and more stringent environmental and health 
regulations can substantially increase costs over time.   
 
Recycling can reduce the environmental impact of waste. However, if new materials such as 
plastics are relatively cheap, recycling can be prohibitively expensive compared to landfill or 
burning. In one example, from the UK, Westminster council sent 82% of all household waste – 
including that put in recycling bins – for incineration in 2017/18.2 Disposal problems are 
exacerbated in the case of planned obsolescence, where products have deliberately shortened 
lifetimes, or are designed such that they are impossible or difficult to repair.3 For example, 
Apple has been repeatedly accused of deliberately slowing its iPhones in order to increase the 
sales of new products, and restricts the repair of Apple products even in the case of fairly simple 
repairs (Svensson et al., 2018). 
 
Despite the usual focus on the benefits of renewable energy, Hansen and Nygaard (this issue) 
provide evidence on the dangers. New technologies for solar panels cause problems of heavy 
metal disposal, in particular for lead, which is a potent neurotoxin. Many Sub-Saharan African 
nations lack capabilities to dispose of waste, and there are uncertainties about the longer-term 
environmental performance of solar panels. The recycling of hazardous materials is often done 
by the poor who lack equipment, protection, and political representation. Innovations that 
address one kind of pollution can create new problems, that fall on different people, and these 
costs should not be ignored, even if the overall improvement is substantial.  
 
 
2.3 Features vs bugs: ‘unintended’ versus ‘unanticipated’ consequences 
 

                                                           
2  See https://www.theguardian.com/environment/2019/aug/17/plastic-recycling-myth-what-really-
happens-your-rubbish  
3 On the other hand, there may be cases where some amount of planned obsolescence is good for the 
environment, such as if recent vintages of cars are less polluting, or if new chemical plants are ‘greener’ 
than their older counterparts. 

https://www.theguardian.com/environment/2019/aug/17/plastic-recycling-myth-what-really-happens-your-rubbish
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It is well known that the introduction of new technology can lead to ‘revenge effects’. Pesticide 
and antibiotic use can create conditions where new super-weeds and super-bugs evolve, air-
conditioning increases external temperatures, and expanding roads can increase traffic and lead 
to more congestion. Tenner (1997) sub-divides these revenge effects into rearranging, repeating, 
recomplicating, regenerating and recongesting effects.  
 
In some cases, the harm from innovation comes not from regular use but from unanticipated 
accidents, such as Chernobyl. In other cases, the harm is an unintended yet anticipated outcome 
that comes from proper use. This harm can be well-known or hidden. A known side-effect of 
the proper use of cigarettes is lung cancer. A relatively little-known fact about shale gas 
production is that it produces considerable amounts of radioactive waste (Warner, 2013). Even 
the truck drivers disposing of this radioactive waste are not aware that their truckload is 
radioactive.4  
 
 
2.4 Innovation to deceive or to escape regulation 
 
Firms may lie about the toxicity of their products. However, if this is no longer possible, they 
may introduce new products that are not yet proven to be harmful (because it always takes time 
for the evidence to emerge). This type of innovation to escape regulation does not address the 
underlying problems, but merely delays regulation. For example, e-cigarettes are seen as an 
alternative to regular cigarettes, but they also contain carcinogens (Cotti et al., 2018). E-
cigarettes seem to have public health benefits, if they replace conventional cigarettes, but they 
also create new problems and new behaviours. This seems to be an inherent part of the nature of 
innovation: complicated substitutions, uncertainty about benefits and risks, and new 
technologies that combine solutions with new problems. One might also mention here financial 
market innovations that deceive investors about the risks in their portfolios (Zingales, 2015) or 
the expensive fees paid for active fund management that does not outperform passive funds.   
 
Another example could be the food industry. On the one hand, food companies are hypocritical 
about their innovation, given their proclivity for slogans such as “same recipe since 1920” or 
“grandmother's secret recipe.” On the other hand, food companies have introduced process and 
product innovations to replace high-quality ingredients with cheaper substitutes, while using 
misleading labels such as “natural flavoring.”5 Many innovations in the food industry may be 
harmful. For example, artificial sweeteners are often introduced to reduce the amount of sugar 
in food. However, they can bring their own problems. Aspartame, for example, is an artificial 
sweetener whose long-term use has been linked to cancer in mice (Soffritti et al., 2007). 
‘Processed food’ is a synonym for unhealthy food in many food guides.  
 
Even more serious than innovation to escape regulation is innovation to deceive it. This is the 
case of Volkswagen, who intentionally programmed its diesel engines to give misleading 
measurements of NOx emissions during regulatory testing (see Jasanoff, 2016).  
 
 

                                                           
4 https://www.rollingstone.com/politics/politics-features/oil-gas-fracking-radioactive-investigation-
937389/  
5 The label “natural flavoring” is so uninformative, it is basically meaningless: see   
https://edition.cnn.com/2015/01/14/health/feat-natural-flavors-explained/index.html  

https://www.rollingstone.com/politics/politics-features/oil-gas-fracking-radioactive-investigation-937389/
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https://edition.cnn.com/2015/01/14/health/feat-natural-flavors-explained/index.html
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2.5 Sharing the upsides and downsides of innovation 
 
Another issue is related to the ‘North-South’ perspective. Rich countries develop new 
innovations that are applied across the world, then the rich countries notice that these 
innovations are toxic or harmful, and either move on to better alternatives or develop 
infrastructure to deal with the waste or simply export their waste (e.g. electronic waste). Poor 
countries, on the other hand, may not have the institutional structures in place to enable them to 
contain the problems. 
 
Most academic research on innovation focuses on its production in R&D intensive sectors in 
rich nations. But this is a very misleading view of innovation. For most people, in most 
countries, for most of history, innovation is not something that was developed where they live to 
address their problems. Innovation is, instead, something that happens in other places, is 
adapted to the institutions and culture of those places, and comes from those places. Its arrival 
can be very disruptive because it may not necessarily fit with the local environment, and the 
changes that are required can be experienced as an imposition.    
 
In this spirit, Hansen and Nygaard (this issue) discuss the problem of solar waste in Sub-
Saharan Africa. There is an interesting issue for public policy and normative social science 
about how the downsides of innovation are socially distributed both internationally and within 
nations. 
 
 

3. Types of harm 
 
This section discusses various types of harm from innovation.  
 
3.1 Public health risks 
 
While large part of the innovation literature is focused on the private returns from innovation, 
its impact often goes beyond the producer-consumer relationship, affecting the public sphere. 
The dichotomy between private and social benefits (costs) may provide useful not only to 
understand the underinvestment in R&D, but also to understand the overinvestment in specific 
technologies.  
 
Some public health dangers are not known until long after the innovation’s introduction; some 
were known by firms, some of whom may try to mislead consumers and regulators. Sometimes, 
dangers are common knowledge, although harmful products continue to be used (e.g. every year 
people start smoking despite knowing that it is harmful). Other problems are more subtle: 
investment in expensive high-tech medicine has an opportunity cost that may reduce investment 
in upstream improvements in public health that have a bigger positive impact.  
 
 
3.2 Environmental degradation 
 
Innovations can make dramatic contributions to environmental degradation. We are currently 
living in a period of accelerated environmental change, the collapse of some ecosystems and 
regular mass extinctions, involving the melting of Arctic and Antarctic ice, thawing of 
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permafrost, destruction of coral reefs, irreversible fragmentation of rainforests, the expansion of 
deserts, increasing frequencies of droughts, floods and forest fires, and the collapse of insect and 
vertebrate populations (Ceballos et al., 2017; Lenton et al., 2019; Kunin, 2019). The relationship 
between innovation and the environment may have both a local and a global dimension, and 
Hansen and Nygaard (this issue) consider a “local issue” within a more global perspective. 
 
 
3.3 Harm to society 
 
Innovations can also harm the fabric of society. Advances in technology can lead to the erosion 
of privacy alongside excessive monitoring by government and industry. Leaving decisions to a 
computer instead of a person does not remove human biases, as programmers can build in their 
own biases and create new ones. Advances in automation mean that an increasing number of 
complex tasks and operations are being ‘outsourced’ to computers and algorithms, which have 
hidden biases, and with humans losing their capabilities as well as their overview of the process 
(Gardner and Bryson, this issue).  
 
Artificial intelligence algorithms are particularly problematic if they are trained on existing 
datasets that reflect biases in society. In doing so, they can perpetuate and amplify racism and 
sexism (Didier et al., 2015).6  
 
Social media also affects our self-perceptions and social interactions (Baccarella et al., 2018). It 
can threaten democracy through micro-targeted fake news during elections, and provides a way 
for nations to interfere and disrupt other nations politics. The ‘click-bait’ driven business model 
favors polarizing, anger-inducing content, rather than the respectful, balanced consideration 
required for democratic deliberation.  Social media allows populist politicians to speak directly 
to the population and claim to speak for them. Innovation can also harm society by increasing 
inequality (Witt, 1996; see also Fougère and Meriläinen, this issue).  
 
Biggi and Giuliani (this issue) observe that much research into noxious innovation has focused 
on work-related consequences. On the one hand, innovation may bring higher unemployment 
(according to fears that robots are stealing jobs). On the other hand, innovation may lead to 
deterioration of working conditions (e.g. Amazon warehouse workers who wear a wristband 
that monitors their every move; innovation in office toilets designed to become uncomfortable 
after sitting there for too long).7 The pervasiveness of computers and cloud technologies erodes 
the boundaries between home spaces and work spaces, thus becoming a problem for work-life 
balance (Gardner and Bryson, this issue). 
 
 
3.4 Harm to the economy 
 
Innovation can also harm the economy if innovation policy is imperfectly calibrated. Excessive 
patent protection or monopoly power from previous innovations (e.g. from first-mover 
advantages, secrecy, or network effects) can harm economic dynamism and consumer welfare, 
and boost inequality.  
                                                           
6 Software engineers are rarely trained to deal with these problems. It is therefore concerning that they 
were surprised that a chat-bot trained on social media comments would end up a feminist-hating, Hitler-
supporting bigot within 24 hours, when such an outcome was obvious to others. 
7 https://www.dailymail.co.uk/sciencetech/article-7801245/Toilets-tilted-downwards-13-degrees-stop-
workers-spending-long-loo.html  

https://www.dailymail.co.uk/sciencetech/article-7801245/Toilets-tilted-downwards-13-degrees-stop-workers-spending-long-loo.html
https://www.dailymail.co.uk/sciencetech/article-7801245/Toilets-tilted-downwards-13-degrees-stop-workers-spending-long-loo.html
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For example, when the private sector succeeds in excluding others from relevant parts of the 
knowledge pool, or makes it difficult to understand what is patentable, it may influence the rate 
and direction of innovative efforts. This seems to be the case with some areas of biomedical 
research, where fragmented and overlapped property rights have favored less problematic 
research lines in terms of intellectual property, rather than more promising in terms of potential 
impact (Heller and Eisenberg, 1998). 

4. Unanswered questions 
 
Three unanswered questions can be mentioned here. First, can government ever apply the 
precautionary principle (Stirling, 2017) fast enough to protect against harmful side-effects on 
e.g. public health? Innovative substances and technologies are increasing artificial and complex, 
and their integration into society and the environment is often not well understood. Given that 
innovation is fundamentally uncertain and involves experimentation, there may be gaps in the 
regulation of moving from scientific discoveries to exploratory applications in the real world 
(e.g. applying exploratory new medical techniques on real-world patients in unethical ways; see 
Saemundsson and McKelvey, this issue). 
 
Second, if innovation gets us into this mess, can we expect innovation to get us out of it? 
Innovation may give us the virus, as well as the vaccine (although many may die in between). 
Or does innovation only lead us into ever increasing difficulties (e.g. road traffic no longer 
means horse manure on our streets, but exhaust fumes instead). We agree with the need to give 
subsidies to renewable energy R&D to reduce the harm from fossil fuels (Acemoglu et al., 
2012), but alternatives that are improvements upon fossil fuels are nonetheless bringing new 
problems: for example, wind turbine blades are piling up in landfills,8 and there are problems of 
solar e-waste (Hansen and Nygaard, this issue). 
 
Third, accidents happen. What is the acceptable rate of ‘normal accidents’ such as Chernobyl? If 
it is above zero, innovation is accompanied by catastrophes that are unpredictable and 
increasingly large. If it is zero, then this may put an absolute halt on some types of innovation.  
 
 

5. Overview of the papers 
 
The papers in this study are a mix of quantitative analysis (Biggi and Giuliani), case studies at 
the level of industries (Hansen and Nygaard) or specific persons and events (Saemundsson and 
McKelvey), interviews (Gardner and Bryson) and theoretical reasoning (Fougère and 
Meriläinen).  
 
  

                                                           
8 https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-
they-re-piling-up-in-landfills  

https://www.sciencedirect.com/science/article/pii/S0040162517306832#bb0255
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
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Table 1: Papers in this Special Issue 

Authors Title Method Theme 

Biggi, G., 
Giuliani E. 

The Noxious Consequences of 
Innovation: What do we know? 

Literature review 
Bibliometric analysis 

State of the art of the 
literature on the dark 
side of innovation 

Hansen, U., 
Nygaard, I. 

The dark side of the sun: 
environmental upgrading in the off-
grid solar PV value chain. 

Case study 

A local and global 
perspective on new 
technologies and the 
environment  

Gardner, E., 
Bryson, J. 

The Dark Side of the 
Industrialisation of Accountancy. 

60 semi-structured 
interviews with UK 
accountancy firms 

How digital 
innovations are 
disrupting the 
accountancy 
profession, bringing 
new problems. 

Saemundsson, 
R., McKelvey, 
M. 

Negative Unintended Consequences 
as a Counterbalance to Innovation. Case study 

The regulation of 
medical innovation to 
balance between 
novelty and risk 

Fougère, M., 
Meriläinen, E. 

Exposing Three Dark Sides of Social 
Innovation through Critical 
Perspectives on Resilience. 

Theoretical discussion 

Social innovation and 
resilience discourses 
may lead to unwanted 
decisions/outcomes in 
real situations 

 
 
Biggi and Giuliani begin with a review of literature that acknowledges the potentially harmful 
side of innovation. They find 125 articles in 89 journals. This suggests that the evidence base is 
scattered, and perhaps provides some justification for the need to publish a dedicated special 
issue on the topic, to take stock of the dispersed literature. Biggi and Giuliani (2020)’s analysis 
yields 5 clusters of 'dark side of innovation' papers. They find that most of the papers in their 
literature review are in the clusters “Work-related consequences of technology acceptance” and 
“Unsustainable transitions.” It is therefore interesting to observe that “work-related 
consequences of technology acceptance” are also discussed in our Special Issue (in particular, 
by Gardner and Bryson).  
 
Meanwhile our Special Issue also makes a contribution to research that could be categorized as 
“emerging technologies”, Saemundsson and McKelvey focusing on innovation in clinical 
practices, with an eye to their global implications, as in the contribution of Hansen and Nygaard 
focusing on solar panel technologies.  
 
Fougère and Meriläinen round off the Special Issue by discussing the important themes of social 
innovation and the resilience of marginalized communities. The priority given to the economic 
measurement of the impact of societal innovation in the contemporary policy framework may 
emphasize their positive side, hiding the possible negative effects on specific groups. The 
authors warn about the risk that the social innovation and resilience discourses may be hijacked 
by powerful actors. 
 
The dark side of innovation is an underexplored field of research that offers a wide range of 
opportunities. With this special issue we have tried to put together a set of results and 
perspectives to conceptualize the downsides of innovation. We hope this will favor research in 
the field, as we seek a more balanced understanding to innovation. 
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