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Supplemental Note 1: Developing the search string 
The search string we used to identify literature related to the phase-out of environmentally 
harmful socio-technical systems and elements was modelled after the following string 
(shown in Scopus language) used by Rosenbloom and Rinscheid (2020): 
 
TITLE-ABS-KEY (phaseout OR phase-out AND ban* OR government OR policy OR 
subsid* AND ‘climate change’). * This returned 106 hits (as of January 13, 2020). 
 
To access a larger body of literature, we improved this by: (i) adding a larger list of policy 
related terms to the second segment, and (ii) adding environment and sustainability to the 
third string. The segments of our resulting search string appear below in Table 1. 
 
Table 1: Search string used in this study 

1st Segment 1  2nd Segment  3rd Segment 
Phase out OR 
phase-out 
OR Verb variants of 
above (i.e. phasing out 
and phased out) 

AND action OR agreement OR ban* commit* 
OR decision OR effort OR framework 
OR govern* OR incentive OR initiative 
OR instrument OR law OR legislat* OR 
management OR mandat* OR measure 
OR mechanism OR plan OR polic* OR 
program OR regulation OR rule OR 
scheme OR strateg* OR treaty 

AND Climate OR 
Environment 
OR 
Sustainability 

 
We set the following conditions for the literature extraction: 
l Publication type: Articles and reviews  
l Search scope: Title, author keywords and abstract 
l Temporal scope: All publications published up to December 31, 2021 
l Academic field limitations: None  
l Language: English 
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Development of the search string was iterative and was carried out in a test period during 
October 2020 to August 2021. This involved experimenting with different combinations of 
search terms, examining resulting hits, and developing initial research questions based on 
our scientific interests and the features of the extracted literature.  
 
The resulting string, shown in Scopus language, appears as follows: 
( TITLE-ABS-KEY ( "phase out" OR "phase-out" OR "phasing out" OR "phasing-out" 
OR "phased-out" OR "phased out" ) AND TITLE-ABS-KEY ( action OR agreement OR 
ban* OR commit* OR decision OR effort OR framework OR govern* OR incentive OR 
initiative OR instrument OR law OR legislat* OR management OR mandat* OR measure 
OR mechanism OR plan OR polic* OR program OR regulation OR rule OR scheme OR 
strateg* OR treaty ) AND TITLE-ABS-KEY ( climate OR environment OR sustainab* ) ) 
AND DOCTYPE ( ar OR re ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 
 
The search string returned a total of 1099 hits from the Scopus database. These 
publications were extracted in two phases. The majority were extracted on August 6, 2021 
and processed thereafter (n=1044). In addition, to ensure coverage of all studies published 
during 2021, we repeated the search on January 1, 2022, obtaining an additional 55 
publications. The final sample before sorting thus comprises 1099 publications.  
 
When selecting additional terms for the second segment in the search string (i.e. that 
related to governance mechanisms) we followed the principles and procedure below: 
• Additional terms were obtained deductively from literature. This included studies 

consulted beforehand as well relevant publications extracted from our search results on 
Scopus during a test phase.  

• Terms were written as nouns rather than verbs. We did not consider verbs (e.g. abolish, 
control, eliminate, restrict etc.) because using a string of  policy-related nouns was 
sufficient to generate a large but manageable sample of  literature.  

• To test the accuracy of  each new term considered, we verified the first 20 hits on Scopus 
(beginning from 2021). We only kept only those terms for which at least 50% of  
publications (i.e. 10 papers) used the term in our intended sense. For example, searching 
for ‘program’ yields publications with ‘programming. But since more than 50% of  
publications in the most recent 20 hits used ‘program’ in our intended sense, we included 
this term.  

• To test the additionality of  each new term considered, we required that each generate at 
least 5 relevant hits that could not be identified by searching with only ‘policy’ and 



 

 3 

‘govern*’.  
• Care was also taken to avoid an overall bias towards either mandatory or voluntary policy 

approaches. Specifically, the final list of  25 policy-related terms contains 5 biased towards 
mandatory approaches, 4 terms biased towards voluntary approaches, and 16 neutral 
terms with no emphasis on either.  
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Supplemental Note 2: Screening relevant publications 
The publications identified with the step above were screened against the following criteria 
to assess their suitability for further analysis. When screening publications, we based 
decisions primarily on the abstract and title, but also took into account the author 
keywords. 
 
Our starting point was a conceptual definition of phase-out as suggested by Rosenbloom 
and Rinscheid (2020): ‘A policy approach that actively seeks the termination of a specific 
technology, substance, or process that causes negative externalities.’ 
 
In addition to this triple classification of technology, substance and processes we also 
include institutions, such as policies, policy features and rules, as well as industries that 
conflict with environmental or broader sustainability goals (shown as ‘other’ in Fig. 2 in the 
main manuscript).  
 
Using this general definition, we set the following criteria to guide the screening process. 
These are explained in more detail below. 
 
Table 2 Criteria used to identify relevant publications 

Include (n=870) Exclude (n=229) 
• Publications that mention ‘phase-out’ in the 

title, abstract or author keywords. 
• Publications where the mention of  phase-out 

reflects an approach for advancing 
environmental sustainability objectives. 
 

• Publications that mention phase-out without 
explicitly referring to externalities or motivations 
that relate explicitly to environmental, climate or 
sustainability problems (e.g. the phase-out of  
policies or technologies to reduce financial 
burdens, the phase-outs of  weapons to increase 
public or national security). 

• Publications that focus exclusively on health 
impacts (e.g. from hazardous substances like lead 
and mercury) without explicitly referring to 
negative environmental externalities 

• Publications that mention phase-outs that chiefly 
target individual behaviour (e.g. meat 
consumption) rather than industry. 

 
Inclusion criteria 
When identifying publications that discuss phase-out as an approach for advancing 
environmental sustainability objectives, we included both empirical and theoretical works. 
Moreover, we included publications discussing actual phase-out policies that exist in the 
real-world (including those completed, under implementation and planned), as well as 
publications discussing hypothetical phase-outs. Publications discussing the latter type 
encompass broad situations. These range from phase-outs that, although not existing in 
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society, are advocated for by the author, to phase-outs that are under discussion or 
planning by policymakers or scientists. Examples of such publications appear in Tables 3 
and 4 below.   
 
Table 3 Examples of included empirical publications that discuss actual phase-outs  
Note: Bold indicates the main text engaging with phase-out 
Paper details Abstract and author keywords 
David, M., Schulte-
Römer, N., 2021. Phasing 
out and in: System 
transition through 
disassociation in the 
German energy transition 
– The case of light and 
coal. Energy Research & 
Social Science 80, 102204. 

In this paper, we focus on and compare policies for phasing-out coal 
and lignite energy production and light bulbs as part of regime-level 
climate change mitigation measures. Our approach broadens the transition 
focus on discontinuation policies by adding a relational STS perspective. Our 
goal is to understand how the relationships that constitute sociotechnical 
regimes are deliberately brought to an end. In order to understand this 
“dissociation”, we explore how policymakers instigate phase-out by engaging 
technology users and producers to loosen their entanglements in existing 
socio-material networks and eventually end their established sociotechnical 
relations. In two case studies we show how dissociation was achieved 
through 1) translating the German coal and lignite phase-out into a regional 
development challenge and 2) translating a well-established business with 
highly standardised and cosy incandescent lighting into a fast-changing lead 
market for energy-efficient LED technology. 
 
Keywords: Disassociation; Discontinuation; Dissolution; Energy transition; 
STS 

Hirota, K., 2006. Review 
of Lead Phase Out for Air 
Quality Improvement in 
the Third World Cities 
Lessons from Thailand 
and Indonesia. Studies in 
Regional Science 36, 527-
541. 
 

Due to the rapid economic growth, and increase of motor vehicle 
ownerships in Asian countries, people are suffering from serious air pollution 
problems, especially in large cities. There has been a worldwide movement to 
eliminate lead from gasoline since the 1970s. In accordance with lead 
elimination from gasoline, the concentration of lead in air and its health 
impact have also decreased. This paper is an attempt to discuss about 
environmental measures in Thailand and Indonesia. From a point of 
view on environmental measures, the case studies show different 
problem and process of lead phase out policy because of different 
socio-economic backgrounds, the initial conditions of the oil industries 
and government capacity. Behinds environmental measures, the case studies 
indicate that the most important change driver is strong leadership to achieve 
consensus among different stakeholders. 
 
Keywords: Air Pollution; Asia; Coordination; Regulatory Policy; 
Sustainability 
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Table 4 Examples of included empirical publications that discuss hypothetical phase-out  
Note: Bold indicates the main text engaging with phase-out 
Paper details Abstract and author keywords 
Kharecha, P.A., Hansen, 
J.E., 2008. Implications of 
“peak oil” for 
atmospheric CO2 and 
climate. Global 
Biogeochemical Cycles 
22. 

Unconstrained CO2 emission from fossil fuel burning has been the dominant 
cause of observed anthropogenic global warming. The amounts of "proven" 
and potential fossil fuel reserves are uncertain and debated. Regardless of the 
true values, society has flexibility in the degree to which it chooses to exploit 
these reserves, especially unconventional fossil fuels and those located in 
extreme or pristine environments. If conventional oil production peaks 
within the next few decades, it may have a large effect on future atmospheric 
CO2 and climate change, depending upon subsequent energy choices. 
Assuming that proven oil and gas reserves do not greatly exceed estimates of 
the Energy Information Administration, and recent trends are toward lower 
estimates, we show that it is feasible to keep atmospheric CO2 from 
exceeding about 450 ppm by 2100, provided that emissions from coal, 
unconventional fossil fuels, and land use are constrained. Coal-fired power 
plants without sequestration must be phased out before midcentury to 
achieve this CO2 limit. It is also important to "stretch" conventional oil 
reserves via energy conservation and efficiency, thus averting strong 
pressures to extract liquid fuels from coal or unconventional fossil fuels while 
clean technologies are being developed for the era "beyond fossil fuels". We 
argue that a rising price on carbon emissions is needed to discourage 
conversion of the vast fossil resources into usable reserves, and to keep CO2 
beneath the 450 ppm ceiling.  
 
Keywords: None 

Winkler, H., Marquand, 
A., 2009. Changing 
development paths: From 
an energy-intensive to 
low-carbon economy in 
South Africa. Climate and 
Development 1, 47-65. 

Climate change mitigation poses significant challenges for South Africa and 
its energy development, historically highly energy intensive. At the same time, 
the country faces a host of daunting development challenges, exacerbated by 
the legacy of apartheid. Examining both challenges, this paper considers how 
alternative conceptions of a development path can be achieved. In the short 
term, energy efficiency provides large potential for mitigation - and energy 
savings at the same time. Changing South Africa's fuel mix, dependent to 
three-quarters on coal, is at least a medium-term challenge. The minerals-
energy complex is so central to the economy that it is likely to take decades 
to change dramatically. The most transformative change is to an alteration in 
economic structure, likely to take long to achieve. The article examines 
specific policy instruments that might be implemented to achieve such a 
transformation. A transition to a low-carbon economy will require a 
paradigm shift in industrial policy. It will require considered provision for 
sectors sensitive to changes in energy prices. Building up new, climate-
friendly industries will be needed to sustain employment and investment. To 
enable a just transition, provision will have to be made for emissions-
intensive sectors, if they are to be phased out over time. South African 
government has adopted a vision, strategic direction and framework for 
climate policy. Policymakers have begun to understand that the future will be 
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carbon constrained and that South Africa's emission will have to stop 
growing, stabilize and decline before mid-century. The challenge of climate 
change is a long-term challenge, requiring immediate action. This article 
examines actions at near-, medium and long-term timescales. Its focus is on 
the most transformative change, that of seeking to shift development paths. 
 
Keywords: Climate change mitigation; Development; Industrial policy; Low-
carbon economy; South Africa; Sustainable development 

 
Within the literature extracted from Scopus, we found a highly varying degree of 
engagement with the topic of phase-out. At one end of the spectrum, some publications 
comprehensively or explicitly engage with phase-out policies or their targets in detail 
(Table 3 above includes such examples). At the other end, some publications only partly 
engage with the theme of phase-outs; for example, as part of a problem statement or in the 
context of policy recommendations (Table 4 above includes such examples). We included 
both types of publications in our sample. This decision ensured we could gain access to a 
larger body of scientific knowledge that is important for understanding how phase-outs are 
discussed and implemented across the world. 
 
In addition, we included publications that discuss phase-outs principally in the context of 
health but also mention environmental sustainability concerns related to the phase-out 
target. Such publications include, for example, ones that discuss the accumulation of 
substances like lead or pesticides in the biosphere and where the research objective is to 
measure health impacts resulting from exposure to such substances. By including a broader 
set of scientific discussions, this liberal approach enabled us to deepen our understanding 
about changing conceptualisations and implementations of phase-out than if limiting our 
scope of analysis to publications conducted uniquely from an environmental sustainability 
perspective.  
 
Exclusion criteria 
We excluded publications that discuss the phase-out of policies, institutions, programmes 
etc. for reasons that are not explicitly related to environmental or sustainability motivations 
(see Table 5 below). In addition to these, we excluded publications discussing the phase-
out of subsidies for green technologies (e.g. electric vehicles or solar panels), programmes 
(e.g. international development assistance for agriculture in developing countries) or quotas 
(e.g. for industry production) that appear to be discontinued for reasons other than 
environmental sustainability objectives (e.g. political, economic, ethical, technological etc.) 
Other examples of excluded publications include those discussing phase-outs for purely 
health reasons (e.g. smoking) or public safety reasons (e.g. gun ownership).  
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Table 5 Examples of excluded publications   
Note: Bold indicates the main text engaging with phase-out 
Paper details Abstract and author keywords 
Frillman S., Wilde K., 
Kochert J., Homan S., 
Tomovic C., 2016. 
Elements of managerial 
integration for sustainable 
product lifecycle 
management. International 
Journal of Product Lifecycle 
Management 9, 87-107. 
 

Today's global job market requires a worker-oriented focus that 
emphasises individuals' competencies and is steadily phasing out the 
task-oriented model that once dominated most work environments. 
Also impacting the world of work is the pressure to eliminate all forms of 
waste in manufacturing as companies strive to compete on a global scale. 
Product Lifecycle Management (PLM), considered to be the next generation 
of lean thinking, shows great promise as a means of managing and tracking 
products through their entire lifecycle, from design through recycling. This 
paper proposes the creation of a competency model for engineers 
functioning in a PLM environment.  
 
Keywords: Competencies; Competency model; PLM; Product lifecycle 
management 

Lahiri, S., Rajan, J., Local 
governments and 
sustainable development: 
Nurturing best practices 
through horizontal 
learning process (HLP) 
across countries. Teaching 
Public Administration 0, 
0144739420963161. 
 
 

Sustainable Development Goals (SDGs) are a universal call to action to end 
poverty, protect the planet, and ensure that all people enjoy peace and 
prosperity. To maintain the pace of development, local government 
institutions (LGIs) in many countries have started adapting innovative 
good practices. These practices are being generated as an offshoot of some 
projects, initiated by local governments, sub-national and/or national 
governments. However, these innovations are generally so closely associated, 
and depend so much on those projects, that once the projects officially 
phase out, the good practices also start falling apart. Those training 
institutions for LGIs in Asian countries are imparting training and applying 
participatory methodologies like peer learning. This enhances the capacities 
of the functionaries of the respective LGIs. However, the learning that 
emerges from the good practices, that have evolved, is often missed out in 
these course curricula, despite the fact that both the good practices and 
capacity for generating good practices, exist at the local level in the form of 
tacit learning. The Horizontal Learning Process (HLP) helps to overcome the 
inherent limitations of existing training methodology by capturing, upscaling, 
and nurturing tacit learning based on good practices. This paper highlights 
the concept and salient features of HLP, its evolution, process and steps, 
application areas, achievements and challenges—especially in the context of 
the SDGs and the role of LGIs. 
 
Keywords: Competencies; Competency model; PLM; Product lifecycle 
management 

 
Results of screening 
This above screening procedure led to the elimination of 229 publications (including 
duplicates) from our original sample of 1,099 extracted from Scopus. This left 870 relevant 
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publications that were coded with the following protocol. This final sample of literature 
appears in Supplementary Data A. 
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Supplemental Note 3: Coding protocol 
Relevant publications were coded in accord with a systematic and replicable protocol that 
comprised of: (i) overarching principles to guide coding decisions, (ii) coding frameworks 
and explicit descriptions of coding variables, and (iii) specific rules to guide the application 
of coding frameworks.  
 
This coding protocol was iteratively developed during a testing phase from August 2020 to 
August 2021. During this, we engaged with the early results of our literature extraction, 
developed research questions and experimented and refined various coding approaches.  
 
Coding frameworks were designed to map out the thematic content of publications in 
accord with five variables shown in Table 6. Each is guided by a clearly defined research 
question. Coding followed pre-determined coding options that were based on either 
existing or original frameworks.  
 
Table 6 Summary of coding frameworks 
Variable Associated research 

question 
Coding framework Code examples 

1a. Phase-out 
target (general) 

What is the general nature of 
the phase-out target?  

• Adapted from Rosenbloom 
and Rinscheid (2020) 

• Substances 
• Technologies 
• Processes 

1b. Phase-out 
target (specific) 

What is the specific target of 
the phase-out strategy? 

• Developed inductively • Coal power 
• Internal combustion 

engines 
• Incandescent light 

bulbs 

2. Drivers What drivers are associated 
with the discussion or 
implementation of the phase-
out?  

• Developed inductively  • Environmental (e.g. 
air, ozone, terrestrial)  

• Economic 
(general/unspecified, 
energy/material use 
conservation) 

• Toxicity and safety 
(humans, 
environment) 

3. Affected 
industry 

What industries are discussed 
or implied as producing, 
emitting or using the phase-
out target? 

• ‘North American Industry 
Classification Scheme 
(NAICS)’ from the United 
States Census Bureau 
(2017) 

• Crop production 
• Petroleum refineries 
• Mining 
• Power generation 

4. Policy 
instrument 

What policy instruments are 
mentioned to achieve the 
discussed phase-out? 

• Adapted from OECD 
(2001b) 

• Command and control 
(e.g. regulation, 
laws/legislation, 
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environmental 
standards) 

• Market instruments 
(e.g. pollution permits, 
subsidies) 

5. Geographic 
region 

What geographical region is 
targeted by the phase-out 
strategy? 

• ‘Standard Country or Area 
Codes for Statistical Use (49 
Standard)’ from the 
Statistics Division of  the 
United Nations Secretariat 
(2021) 

• North America 
• Southeast Asia 

 
A set of overarching principles were developed to guide our coding. For example, for all 
publications, coding decisions were made based on evidence provided in the title and 
abstract. Author keywords were only used as supplementary evidence when needed. The 
full paper was only consulted in cases of ambiguity; for instance, where the meaning or 
context of an expression in the abstract required further clarification.  
 
Furthermore, we coded only the portion of the abstract, title or keywords that discusses the 
phase-out target or associated context. In practice, this meant that for publications focused 
on other topics that only mention phase-outs as part of a problem statement or discussion 
of policy implications etc., unless we identified a strong thematic relationship with the 
phase-out mentioned, we excluded this information from analysis. Multiple codes were 
assigned to publications as needed. In the case that no relevant information was found, or 
the relationship between the analysed text and the phase-out discussion was dubious or 
weak, we coded that variable as “unspecified”. 
 
Finally, when reporting results in the manuscript, we display only aggregated results that 
reflect the aggregated sum of sub-codes for each parent code. Key coding results for sub-
codes are compiled into Supplementary Data C. 
 
1a. Phase-out target (general) 
This category coarsely describes the phase-out target by classifying into four parent codes 
built after Rosenbloom and Rinscheid (2020). These are summarised in Table 7. 
 
Coding for this category followed a top-down and deductive approach to ensure 
consistency between coding decisions and the internal validity of the data. To achieve this, 
decisions were guided by a set of rules and principles made in advance. For example, in 
publications discussing the phase-out of logging, although this could be interpreted as 
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either targeting a substance (i.e. timber) or a process (i.e. the act of logging), a decision was 
made to code all instances as a ‘process’. In making similar decisions for other ambiguous 
targets, decisions were guided by the question: ‘What is the cause of the actual or purported 
environmental harm?’ In the case of logging, the decision to code as a process was justified 
by the view that the act of harvesting timber – rather than the presence of timber itself in 
society – is the general cause of environmental harm. This same logic applied to other 
phase-out targets such as fish, animals and agricultural products.  
 
Table 7. Coding framework for phase-out targets (parent-codes) 
Source: Based on Rosenbloom and Rinscheid (2020) 

Code Definition 

Technology 
 

Generic technological artefacts, such as power plants, road vehicles, light bulbs, 
drones and ships. 

Substance 
 

A specific manmade or natural material (e.g. leaded gasoline or paint, chemicals, 
pesticides, plastic), mineral or resource (e.g. fossil fuels) or agricultural output (e.g. 
genetically modified crops). 

Process A commercial process or human activity (e.g. gas flaring in oil production, waste 
treatment methods like ocean dumping or incineration, and the harvesting of 
natural resources such as timber, fish, animals etc.) 

Other Other: Phase-out targets falling outside these categories (e.g. environmentally 
harmful policies, institutions, industries etc). 

 
1b. Phase-out target (specific) 
Sub-codes were created to further describe and categorise the phase-out target using a 
bottom-up and iterative approach. In the first round of coding, we used the original 
language of the paper to summarise the described phase-out target via free coding (e.g. 
fossil-fuel based heating systems or plastic beads in cosmetics). In a second and subsequent 
rounds, common phase-out targets were identified to generate common and more concise 
coding descriptions that could be applied uniformly to multiple publications.  
 
This inventory of targets was also used to identify the most frequently discussed 10 targets 
in the dataset. These top-10 targets were then used to drive our analysis when identifying 
correlations between phase-out targets and other coding variables. We identified these 
frequently discussed targets in a two-step procedure. We firstly aggregated targets that 
share basic characteristics into higher-order categories. For instance, different ozone 
depleting substances (halocarbons, chlorofluorocarbons, hydrochlorofluorocarbons and 
others) were aggregated to the category ‘ozone depleting substances’, and different targets 
related to plastics (e.g., microbeads or foam buoys) were aggregated to the category 



 

 13 

‘plastics’. Secondly, we then identified the top-10 targets based on those making up at least 
5% of total codes in the substance and technology categories. We focus on these two 
categories due to their prominence in our dataset compared to processes and other (see 
manuscript Figure 2a). 
 
Supplementary Data B provides the full inventory of specific phase-out targets identified 
along with the aggregated categories forming the 10 most frequently discussed targets.  
 
2. Drivers 
This captures the drivers that explain why the phase-out is implemented or discussed as an 
approach for advancing environmental sustainability goals. We include a broad range of 
drivers that include environmental sustainability problems (e.g. ozone degradation and air 
pollution), objectives (e.g. to reduce carbon emissions), triggers (e.g. nuclear accidents or 
public pressure) and perceptions of benefits (e.g. reduced health burden from air 
pollution).  
 
Because of the diversity of drivers described in abstracts and titles, and the lack of a pre-
existing framework that can capture all of these, we created our own. This emerged after 
several iterative rounds of open coding, and conversion of the identified themes into a pre-
determined set of codes. The ensuing framework consists of seven parent codes and their 
corresponding sub-codes (see Table 8). To help articulate these codes, we drew on existing 
frameworks in literature that describe various kinds of environmental and sustainability 
problems, motivations and framings (OECD, 2001a; Stamford and Azapagic, 2014; 
Temper et al., 2020).  
 
Specific rules guided the application of this framework, especially with regards to efforts to 
avoid redundant or unnecessary double coding. For example, if a paper mentioned 
environmental damage in general and then further described this specifically as an ‘air 
pollution’ problem, we would only code the latter information. 
 
Table 8 Coding framework for drivers 
Source: Own creation 
Coding category Definition 
ENVIRONMENTAL This category covers phase-outs with the following objectives: 

1. Tackle damage and overuse/exploitation to the environment (e.g. 
overfishing, land degradation, water overuse, over hunting)  

2. Address pollution, contamination etc, caused by the emission of  
substances etc  
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3. Implement forward looking measures such as prevention of  
environmental damage or conservation or resources etc. 

Air Phase-outs to mitigate or prevent air pollution. This excludes the air transport 
of substance contaminants.  

Climate Phase-outs to mitigate or prevent climate change. This covers sea-level rise as 
well as general mentions of decarbonisation or a low carbon society. 

Energy/mineral resource 
conservation 

Phase-outs to prevent the exhaustion of supplies of energy, materials, 
minerals or other resources. 

Ozone Phase-outs to mitigate or prevent ozone damage. 
Terrestrial Phase-outs to address the overuse, degradation or pollution of land, forest, 

soil, plants, trees, forests etc. This excludes animals but includes conceptions 
of terrestrial ecosystems. 

Waste Phase-outs that mitigate the production of waste as well as toxicity or 
environmental harm caused by waste. 

Water (marine) Phase-outs to mitigate or prevent pollution of marine waterways (e.g. seas 
and estuaries). This excludes marine animals but includes marine ecosystems. 

Water (fresh) Phase-outs to mitigate or prevent pollution or overuse of freshwater 
resources (e.g. lakes and rivers). This excludes water life but includes aquatic 
ecosystems. 

Water (unspecified or both) Phase-outs that target both of the above or unspecified water environments. 
Wildlife (water) 
 

Phase-outs to mitigate or prevent damage, overuse or contamination of 
animals and creatures living in water environments (including fresh and 
marine). Water ecosystems are excluded and coded with the above codes. 

Wildlife (terrestrial) Phase-outs to mitigate or prevent damage, overuse or contamination of 
animals and creatures living in terrestrial and air environments. Terrestrial 
ecosystems are excluded and coded with ‘terrestrial’ above. 

General/unspecified Phase-outs that are described as mitigating or preventing unspecified 
environmental damage and problems or preserving the environment.  

Other Phase-outs that address specifically described environmental problems falling 
outside the above descriptions. This includes objectives to preserve 
biodiversity.  

TOXICITY AND 
SAFETY 

This category covers phase-outs that address or prevent health, safety and 
toxicity concerns as indicated with words such as bioaccumulation, hazards, 
health, safety, risks, toxicity, etc. 

Accidents Phase-outs implemented to prevent accidents or in response to actual 
accidents (e.g. the Chernobyl or Fukushima nuclear accidents). 

Environment Phase-outs to prevent or reduce the production, use or emission of 
substances that are hazardous for animals, plants and ecosystems. This code 
reflects concern for the health or functions of wildlife and ecosystems as 
opposed to environmental pollution or contamination, which would be 
coded under the ‘Environmental’ category. General mention of 
environmental risks or health are coded with this. 

Humans Phase-outs to prevent or reduce the production, use or emission of 
substances that are hazardous for humans. This includes general mentions of 
health impact concerns and indoor air pollution. It also includes general 
mentions of ‘health’ (which we interpreted as human health). 

General/unspecified Phase-outs that are described as addressing or preventing toxicity, risks, 
hazards, and safety in general but which do not specify a focus on humans, 
animals or ecosystems (which are coded with above sub-codes).  

SOCIAL This category covers phase-outs that prevent or address social problems or 
seek to create societal benefits.  

Ethics and equity Phase-outs implemented out of concern for future generations, social equity 
etc. 
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Response to public Phase-outs implemented in response to public pressure or campaigns from 
NGOs, referendums, public opinion surveys, etc. 

General/unspecified Phase-outs implemented to achieve social benefits or mitigate social 
problems that are not specified. 

ECONOMIC This category covers phase-outs that prevent or address economic problems 
or seek to create economic benefits. 

Energy/material use 
conservation 

Phase-outs implemented for a range of reasons that include: 
1. Promoting the conservation or efficient use of  energy, material or 

mineral resources 
2. Stopping or reducing waste generation 
3. Promoting recycling 
This does not include conserving raw energy resources to stop exhaustion 
(coded under the ‘Environmental’ category) 

Energy security Phase-outs implemented to promote the security and stability of national or 
regional energy supplies. 

Financial risks Phase-outs implemented to mitigate financial/investment risks such as 
stranded assets and technological redundancy, etc. 

General/unspecified Phase-outs implemented for a range of reasons that include: 
1. Avoiding undesirable economic costs incurred for society or firms 

because of  environmental damage or other related factors. 
2. Gaining economic benefits from sustainability driven growth etc 
3. Improving the economic performance of  industries or new 

technologies 
4. Saving money/funds for the economy, government agencies or firms 
5. Creating employment 

TECHNOLOGY 
AND INNOVATION 

This category covers phase-outs that seek to spur the process of 
technological improvement, creation and diffusion or to transform socio-
technical systems. 

Creation Phase-outs described as the starting point of an innovation process or as a 
trigger for new products, services, technologies, business models, industries, 
etc. This code reflects the creation of novelty, in contrast to ‘Substitution’ 
below.  

Performance improvement 
 

Phase-outs implemented in response to the undesirable performance of a 
technology, material or process that creates negative impacts from an 
environmental or sustainability perspective.  

Systemic change Phase-outs implemented to trigger broad and transformative change of a 
particular socio-technical system or industry. Such systemic change involves 
more than substitution (captured with the below code) and affects multiple 
technologies, industries and practices. Examples include: 
1. Transitioning from a linear to a circular economy 
2. Transitioning from conventional to organic agriculture 
3. Transitioning from a centralised energy system based on fossil fuels or 

nuclear to a decentralised system based on renewables 
Substitution Phase-outs implemented to accelerate the switching/replacement of a specific 

technology/process with an existing alternative, such as: 
1. Replacing coal/nuclear with gas or a specific renewable (solar, biomass 

etc) 
2. Replacing internal combustion engine (ICE) vehicles with electric 

vehicles (EVs) 
Replacing chemical pesticides to natural alternatives 

Other For technology related drivers falling outside the above codes. 
SUSTAINABILITY Phase-outs implemented in response to a problem described as related to 

‘sustainability’ were coded with a single code.  
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OTHER Descriptions of drivers falling outside all the above categories were coded 
with a single ‘other’ code.  

 
3. Affected industry 
Two aspects are captured by this code. The first is the industries directly targeted by the 
phase-out strategy. The second is industries that emit, use or manufacture the substance, 
technology or process discussed as a phase-out target. This inclusive coding is based on the 
reasoning that the latter type of industries would have a high probability of being impacted 
by phase-out targets even when not the direct policy target.  
 
Our coding framework utilised the “North American Industry Classification Scheme 
(NAICS)” developed by the United States Census Bureau (2017). An excerpt of the 
framework appears below in Table 9. Specific rules guided our application of this 
framework. One rule stipulated that we code the described industries at the most specific 
level possible. For example, if a paper described the phase-out of rice husk burning in rice 
farming, we coded this using the industry code (111160 Rice Farming) rather than the 
sector or sub-sector code for a higher-level code (e.g. 111 Crop Production).  
 
Table 9. Exert* of coding framework for affected industries 
Source: United States Census Bureau (2017). 

Sector (examples) Sub-sectors (examples) Industries (examples) 

11 Agriculture, forestry, 
fishing and hunting 

113 Forestry and Logging 
111 Crop Production 

111160 Rice Farming 
11411 Fishing 

21 Mining, quarrying, and oil 
and gas extraction 

211 Oil and Gas Extraction 
 

212221 Gold Ore Mining 
21211 Coal Mining 

22 Utilities 221 Utilities 
212 Mining (except Oil and Gas) 

22111 Electric Power Generation 
221320 Sewage Treatment Facilities 

23 Construction 236 Construction of Buildings 
237 Heavy and Civil Engineering 
Construction 

23611 Residential Building 
Construction 
237310 Highway, Street, and Bridge 
Construction 

31-33 Manufacturing 311 Food Manufacturing 
322 Paper Manufacturing 
 

325320 Pesticide and Other 
Agricultural Chemical Manufacturing 
331110 Iron and Steel Mills and 
Ferroalloy Manufacturing 
 

* This table is an excerpt of the full classification scheme. 
 
Some adaptation of this framework was required. For example, in some cases, industries 
described by abstracts corresponded with several codes in the NAICS framework. In such 
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cases, we adapted codes by merging. For instance, descriptions of the production of 
refrigeration, ventilation and air-conditioning industry featured commonly in our dataset. 
Relevant industries under the NAICS scheme lists relevant industries under two sectors: 
that for commercial equipment (33341 Ventilation, Heating, Air-Conditioning, and 
Commercial Refrigeration Equipment Manufacturing) and that for household appliances 
(335220 Major Household Appliance Manufacturing). We thus created our own code based 
on this.  
 
When displaying coding results in the manuscript (Fig. 4), we aggregated codes into 
industry sectors, condensing NAICS names for readability. The specific sub-codes reflected 
in these aggregated industry sectors are available in Supplementary Data B. 
 
4. Policy instrument  
This category captures the nature of the policies described as inducing the phase-out or as 
desirable for this. Concretely, we coded descriptions of:  
l policies adopted or planned for the explicit purpose of  achieving the phase-out 
l policies designed that contributed to a phase-out but were not necessarily designed 

explicitly for that purpose (e.g. cap-and-trades or carbon taxes) 
l policies that, although not currently existing, are desirable for pursuing a phase-out 
 
The parent codes used in the coding framework describe five broad categories of policy 
approaches (e.g. command-and-control, economic instruments, voluntary approaches; see 
Table 10). These adopt existing classifications of environmental policies described by the 
OECD (2001b) and Persson (2006). In addition, we created sub-codes to reflect finer-
grained descriptions of specific instruments (e.g. pollution taxes, laws and legislations, 
information provision etc.). The process of creating sub-codes was conducted in an 
inductive manner. First, we freely coded the descriptions of particular instruments given by 
abstracts. Next, we grouped these into similarly themed clusters and then used literature to 
assist our articulation of the specific instrument names and definitions used in the sub-
codes. This included literature on environmental policy and sustainability transitions (e.g. 
Hood, 2011; Kivimaa and Kern, 2016; Kivimaa et al., 2021; OECD, 2001b, 2007; Peñasco 
et al., 2021) in addition to the original OECD framework (OECD, 2001b). Finally, we 
applied these codes uniformly across the dataset, modifying sub-code names and 
articulations through iterative rounds.   
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Table 10. Coding framework for policy instruments  
Source: Parent codes based on OECD (2001b) and Persson (2006). Sub-codes were self-
created, guided by relevant literature cited above.  
 Definition 
COMMAND AND 
CONTROL 

This category covers policies that mandate some sort of action for 
industry, and which are underpinned by laws and regulations, etc. 

Regulation & restrictions This captures both specific and unspecific descriptions of regulation, 
restrictions (e.g. permitting the use of a substance in one industry or 
application but not another), control measures, quotas etc. General 
mentions of government control, restrictions and so forth were coded 
with this.  

Bans This captures the outright prohibition of the manufacturing or use of a 
substance, technology or process. Bans typically serve as the end point of 
the phase-out period.  

Laws & legislation This captures descriptions of legal frameworks that underpin regulations 
and other instruments. Directives from the European Union were coded 
with this.  

Environmental standards This captures both quantitative and qualitative standards. Examples of 
quantitative standards include energy efficiency standards, emission 
standards/limits, renewable portfolio standards, minimum quotas (e.g. for 
a share of biofuel). Examples of qualitative standards include, for instance 
mandatory guidelines for poultry welfare.  

Treaty/protocol (binding) This captures international treaties/agreements/protocols etc. that are 
binding in nature and enforceable via rules, laws or sanctions. Examples 
include the Minimata Convention, the Stockholm Convention, the 
Montreal Treaty, and treaties for phasing-out single hulled ships by the 
International Maritime Organization.  

Other Null. Descriptions of mandatory approaches falling outside the above 
were coded with Regulations and restrictions.  

ECONOMIC 
INSTRUMENTS 

This category covers instruments that incentivise action in industry 
through various forms of financial support or penalties. It also covers 
government-led changes to market rules (e.g. liberalisation of electricity 
markets) as well as changes to these instruments (e.g. removal of 
subsidies).  

Ceasing or constraining 
investments 

This captures actions to reduce or limit investments (e.g. in nuclear power 
stations) either by voluntary action or mandatory policy. 

Emissions & permit trading This captures environmental/emission permits and quotas (e.g. for fish 
catch volumes) and so on. These are allocated to industry by government 
and authorised for market trading between economic actors. Cap-and-
trade schemes are coded with this category.  

Financial support (subsidies 
etc.) 

This captures subsidies and other general descriptions of financial support 
(e.g. loans, tax breaks) that are not described as market mechanisms.  

Financial support 
(compensation) 

This captures compensation schemes, typically providing financial 
assistance from government to the industry and stakeholders affected by a 
phase-out (e.g. pay-out schemes to coal mine workers). 
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Market incentives (unspecified) This captures general descriptions of ‘market incentives’ for industry, 
which are not specified further. General mention of ‘incentives’ is assumed 
to be economic and coded with this.  

Market liberalisation This captures changes to the structure of markets, where tightly regulated, 
monopolised or state-owned markets (e.g. power generation) are opened 
up to allow the entry of new private actors.   

Pollution pricing This captures charges to industry based on the quantity or quality of a 
pollutant (e.g. carbon taxes). Carbon pricing schemes that are not 
described as emissions trading or cap-and-trade are coded with this.  

Subsidy reform & removal This captures any reduction in the level of financial support provided to 
industry via subsidies (e.g. the removal or reduction of fossil fuel 
subsidies).   

Support removal This captures any reduction in the level of other non-subsidy forms of 
financial support provided to industry (e.g. the removal of tax breaks, loan 
schemes, etc.). General mentions of ‘support removal’ to industry are 
assumed to be economic in nature and coded with this. 

Unspecified This captures general descriptions of economic or market approaches that 
are not specified. General mention of ‘incentives’ for industry were 
assumed to be market incentives and coded with ‘Financial support 
(subsidies etc.)’ above. 

MANAGEMENT AND 
PLANNING 

This category covers various forms of planning instruments used by 
governments to specify phase-out periods, to commit to or guide the 
phase-out process, to measure environmental conditions and policy 
outcomes, and to deal with the adverse consequences of phase-outs.    

Management plan This captures two types of policies:  
1. Comprehensive packages of  principals, instruments (and timelines) 

to guide the phase-out. These might also include plans/measures for 
coping with adverse effects of  phase-out such as compensation. 

2. Overarching policies that commit to or mandate a phase-out (e.g. 
climate policies or carbon reduction plans, such as 5-year 
management plans in China).  

Performance review & 
evaluation 

This captures the monitoring of progress by government towards 
environmental goals and the evaluation of policy outcomes. 

Reporting, monitoring & 
disclosure 

This captures the reporting of environmental information (e.g. emission or 
usage quantities, inventories of substance use) to government, the 
monitoring of industry actions, and the public disclosure of such results. 

Timelines & target setting This captures explicit schedules, roadmaps and deadlines that stipulate the 
temporal duration of the phase-out process. This also captures targets to 
reduce the use of substances or technologies by a specific year (e.g. 
reducing the share of electricity production from nuclear by X% by a 
given year). In the case where abstracts mention the year a phase-out was 
achieved, this is not coded unless described explicitly as the target year for 
the phase-out.  

Unspecified This captures general descriptions of a managed approach to phase-outs, 
which are not further specified.  
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CAPACITY BUILDING 
AND INFORMATION 

This category covers support measures by government or industry to assist 
the implementation of phase-outs via the provision of capacity building, 
training/education and information. 

Knowledge & information This captures measures such as the diffusion of information for public or 
industry (e.g. diffusion of best practices, voluntary guidelines), product 
labelling, knowledge transfer, awareness raising, etc.  

Technological This captures efforts by government or market actors to provide 
technology-based support for industry (e.g. technology transfer).  

Training & capacity building This captures efforts to provide hands-on skills via education and training 
as well as the provision of institutional support (e.g. assistance with policy 
formulation, environmental monitoring etc.), etc. 

Unspecified This captures general descriptions of capacity building or information 
provision and so forth, which are not specified further and do not 
correspond with the above instruments.  

VOLUNTARY 
APPROACHES 

This category covers various types of voluntary instruments, which are 
non-binding or non-enforceable in nature.  

International agreements & 
governance mechanisms 

This captures bilateral or multi-lateral agreements in addition to rules and 
governance frameworks made by international bodies (e.g. OECD, WTO, 
G20), which are not binding or enforceable in terms of phase-out actions. 
Examples include the Paris Agreement, declarations from G20 about fossil 
fuel subsidies, Powering Past Coal Alliance, etc. Enforceable agreements 
such as the Montreal Protocol are coded with the above Treaty/protocol 
(binding). 

Voluntary industry action This captures both two approaches: 
1. Self-governance frameworks set up by industry, with or without 

government mediation. 
2. Self-initiated phase-out efforts by a single company (e.g. chemical 

phase out programmes by 3M). 
Voluntary programmes & 
agreements 

This captures initiatives where companies are invited by a public authority 
to join a phase-out effort. This includes so-called ‘optional regulations’ as 
well as non-binding or non-enforceable agreements between government 
and industry. 

Unspecified This covers general mention of voluntary approaches that are not specified 
further.  

 
5. Geographic region 
To capture the geographic target of the discussed phase-out strategy, we grouped countries 
into regions defined in the ‘Standard Country or Area Codes for Statistical Use’ (commonly 
referred to as the ‘49 Standard’) produced by the Statistics Division of the United Nations 
Secretariat (2021). We also coded individual country and city names when mentioned. The 
coding framework appears in Table 11. 
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Table 11. Exert* of coding framework for geographic region 
Source: Statistics Division of the United Nations Secretariat (2021). 

Region (examples) Sub-region (examples) Countries (examples) 

Africa Northern Africa 
Eastern Africa 
Middle Africa 

Algeria 
Kenya 
Congo 

Americas Caribbean 
Central America 
North America 
South America  
 

Cuba 
Mexico 
U.S.A. 
Brazil 

Asia Central Asia 
Eastern Asia 
South-Eastern Asia 
 

Tajikistan 
China 
Singapore 

* This table is an exert of the full classification scheme 
 
We also added a code for phase-outs with a ‘global’ nature. This captures global strategies, 
such as the Montreal Protocol on Substances that Deplete the Ozone Layer and 
declarations from international bodies such as the G20 (e.g for phasing out fossil fuel 
subsidies). It also reflects descriptions of individual phase-outs that occur in multiple 
regions around the world. Such phase-outs are hinted by terms such as ‘worldwide’, ‘in 
many countries’, ‘industrialised countries’, ‘OECD countries’ as well as ‘mankind’ and 
‘humans’, etc. 
 
When displaying results in the main manuscript (Fig 6), we split the ‘Americas’ into two 
groups: ‘North American and Caribbean’ and ‘Central and South America’. This was 
carried out to demonstrate a clearer distinction between the developed global north and the 
developing global south.  
 
Rules were also developed to guide coding with this framework. For example, we only 
coded geographical regions if they were explicitly associated with the discussed phase-out 
strategy.  
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