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a b s t r a c t 

The COVID-19 pandemic simultaneously triggered a sudden, substantial increase in demand for items 

such as personal protection equipment and hospital ventilators whilst also disrupting the means of mass- 

production and international transport in established supply chains. Furthermore, under stay-at-home 

orders and with bricks-and-mortar retailers closed, consumers were also forced to adapt. Thus the pan- 

demic offers a unique opportunity to study shifts in behaviour during disruption to industrialised man- 

ufacturing and economic contraction, in order to understand the role peer-to-peer production may play 

in a transition to long-term sustainability of production and consumption, or degrowth. Here, we analyse 

publicly-available datasets on internet search traffic and corporation financial returns to track the shifts 

in public interest and consumer behaviour over 2019 – 2020. We find a jump in interest in home-making 

and small-scale production at the beginning of the pandemic, as well as a substantial and sustained shift 

in consumer preference for peer-to-peer e-commerce platforms relative to more-established online ven- 

dors. In particular we present two case studies – the home-made facemasks supplied through Etsy, and 

the decentralised effort s of the 3D printer community – to assess the effectiveness of their responses to 

the pandemic. These patterns of behaviour are related to new modes of production in line with ecologi- 

cal economics and as such add capacity to a broader prefiguration of degrowth. We suggest an adoption 

of a new “fourth wave” of DIY culture defined by enhanced resilience and degrowth to continue to add 

capacity to a prefigurative politic of degrowth. 

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

Neoclassical welfare economics controls global political and 

conomic decisions despite grounding in outdated theories of 

rowth, human behaviour, and commodity production ( Gowdy and 

rickson 2005 ; Farley 2017). The COVID-19 lockdowns and re- 

trictions of 2020 exposed cracks in global economies predicated 

n growth. This further confirmed assumptions put forward by 

conomic sustainability scholars and experts of planetary health 

hat neoclassical and neoliberal capitalism deepens crises faced 

y global communities ( Horton et al., 2014 ). The unprecedented 

ealth crisis has induced global economic disruption and social 

nrest. As millennials witness their second ‘one-in-a-generation’ 

tock market crash, the certainty of a stable future is challenged 

ith escalating unemployment and serious backtracking on the 

mancipation of women (Guterres, 2020; Topping, 2020; United 

ations, 2020). Neoclassical capitalism continues to create barriers 
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o effective response to the COVID-19 crisis and human wellbeing 

n general. This is most evident in countries where concern over 

alling gross domestic product and unstable stock markets, rather 

han public health, lead governance strategies ( Steinberger 2020 ). 

While many governments resisted economic governance 

hanges, consumer behaviour changed drastically. The inability 

o consume through traditional methods and the partial break- 

own of large-scale production chains continue to drive new 

onsumption patterns. In a recent report, Arora et al. (20 0 0) 

utline five lasting effects the COVID-19 pandemic has created 

n consumer behaviour, including: 1) mindfulness of spending 

abits, particularly regarding the sustainability values of the brand 

nd quality of products; 2) flight to digital and omnichannel; 3) 

hock to brand loyalty with new prioritization of value; 4) desire 

o support companies that support the caring economy and; 5) 

 ‘homebody’ economy where people purchase from home and 

rimarily goods that are used within the home. Many of these 

rends are likely to be long-term, especially regarding decreased 

isposable income and value-orientated shopping. In China, where 

ost are back to work, there is still a reported 55% decrease in 
reserved. 

https://doi.org/10.1016/j.spc.2021.05.018
http://www.ScienceDirect.com
http://www.elsevier.com/locate/spc
mailto:lewis@lewisdartnell.com
https://doi.org/10.1016/j.spc.2021.05.018
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ncome ( Arora et al., 2020 ). Historically, economic disruptions of 

his nature unleash new technological innovation waves as the 

new economy’ is driven by investment into technologies that 

how potential (Newman AO 2020). 3D printing and peer-to-peer 

roduction have emerged as a worthy investment stream partic- 

larly in the infrastructural ability to respond to global and local 

eed ( Newman AO 2020 ). 

Additionally, while people now purchase more items through 

ultinational online platforms such as Amazon, many also turned 

o local producers for some of their needs ( Cambefort 2020 ). 

ot only are local producers considered a safer way to consume 

choose online and pick up on the curb), but there is a drive to 

upport members of one’s community. Here, we explore the extent 

o which consumers turned their attention to peer-to-peer sell- 

ng platforms, such as Etsy, to meet their needs during the pan- 

emic. Some of these patterns that we explore in this paper point 

o changes called for within degrowth economics. We suggest that 

hese trends amplify a prefigurative politic of degrowth by shifting 

IY (Do It Yourself) and P2P (peer-to-peer) production and con- 

umption into a new “fourth wave” of DIY. This new wave of DIY 

s characterized by enhanced resilience through polycentric gover- 

ance, distributed diversity, and improved socio-ecological wellbe- 

ng. 

To make this argument, we first consider several specific as- 

ects of the response to the disruption of the established sup- 

ly chains during the pandemic: a surge in interest in homemade 

roduce; the rapid growth of P2P online marketplaces; and the 

obilisation of the decentralised manufacturing capability of the 

D printer community. The data sets we use to investigate shifts 

n public interest include both the records of worldwide inter- 

et search terms provided by Google Trends (trends.google.com) 

nd the financial reports returned by major online retailers and 

merging customer-to-customer (C2C) and peer-to-peer (P2P) e- 

ommerce platforms. 

We will first situate the novelty of our study within the exist- 

ng literature, before presenting these data analyses and case ex- 

mples on the effectiveness of the shift into more value-orientated 

nd peer-to-peer based production precipitated by the pandemic, 

e will then apply these trends to ideas for a new fourth wave of 

IY that situates P2P production more firmly within the low/de- 

conomic literature. Shifts in consumer behaviour and disturbances 

n neoclassical capitalism create room for more support and inte- 

ration of these alternative, more sustainable, paths for production 

nd consumption. 

. Literature review 

Heterodox economic disciplines, such as ecological economics 

nd degrowth economics, have long challenged the underlying the- 

ries of the neoclassical capitalist system as guiding economic 

olicy principles ( Daly 1992 ; Costanza 1989 ; Georgescu-Roegen 

975 ; 1971). Instead, ecological economists argue that economic 

ecision-making needs to begin with the re-embedding of society 

ithin constraints of the biosphere ( Steffen et al., 2015 ) to sustain 

igh quality of life across generations ( Polanyi 1944 ; Raworth 2017 ; 

aly et al., 1994 ). High-quality life also necessitates just distri- 

ution of resources and efficient allocation ( Farley 2010 ). This is 

ore succinctly defined as “a socially sustainable and equitable 

eduction (and eventually stabilisation) of society’s throughput”

 Kallis 2011 , 874). Throughput is the physical and social energy and 

aterials extracted for use from the environment and returned as 

aste ( Daly 1997 ). This shift is achieved by major contraction of 

he economy through reorganisations of social life. 

Given that no other unplanned environmental or economic dis- 

uption has so greatly impacted humanity’s social organization 

r collective environmental footprint ( McGrath 2020 ), the COVID- 
2166 
9 pandemic offers a unique opportunity to examine the role of 

eer-to-peer (P2P) production and consumption within a period of 

lobal economic contraction. Understanding the implications of the 

risis with respect to production adaptation strategies is critical 

or facilitating more prolonged, significant, and intentional tran- 

itions ( Boons et al., 2020 ). With the pandemic highlighting pre- 

xisting fragilities in global value chains (GVCs), trade systems are 

ikely to undergo strategic reconfigurations ( Kano and Oh 2020 ), 

uggesting an opportunity for new ideas to influence systems in 

istress. Thus far, the shortages and weaknesses of GVCs have pro- 

oted some trade protectionism ( Movsisyan 2020 ) as governments 

egin to favour and protect their internal sectors. While this may 

e measured as an increase in local production and consumption, 

t is also indicative of early out-group antagonism through pol- 

cy. Thus, explorations of alternative production systems consistent 

ith socially just economic contraction are important. Without 

re-planned transition and attention to these networks, economies 

ay be more likely to slip toward protectionism and nationalism. 

Capitalist production tendencies are characterized by long sup- 

ly chains, economies of scale, and centralization, which leads 

o significant waste, mainly through overproduction of goods and 

hipping costs. Distributed micro-production, including peer-to- 

eer (P2P) production, is characterized by on-demand produc- 

ion with short supply chains ( Rauch et al., 2016 ), diversifica- 

ion over specialization ( Gale 20 0 0 ), improved resilience to dis- 

urbances ( Freeman et al., 2017 ), commons knowledge and own- 

rship ( Bauwens 2005 ; Kostakis et al., 2018 ) and is generally more 

ustainable than traditional manufacturing ( Rauch et al., 2015 ). In 

hese ways, P2P production is strengthening emerging sustainable 

lternatives to mass production systems by providing technologi- 

al infrastructure that allows for a greater scale and wider reach of 

ocalized production. The implications of enhanced P2P production 

nclude reduced material flow, challenges to alienation and social 

ilments associated with overconsumption ( Arndt et al., 2004 ), and 

emocratic and polycentric governance strategies. However, there 

s a gap in ecological economics and degrowth economic litera- 

ure regarding how to reconceptualize different logics of produc- 

ion, particularly regarding how production systems have, and may 

n the future, change in low-growth contexts, and how to pave the 

ay for such transitions ( Mair et al., 2020 ; Kish and Quilley 2020 ).

Upticks in P2P manufacturing ( Bednar and Modrak 2014 ; 

u 2013 ) can partly be attributed to a shift from market de- 

and of impersonal mass production to an increased overall de- 

and for individualized products. Motivations and outcomes of 

his shift are comparable to the call for artisanal goods during the 

rts and Crafts movement, as resistance to the growing production 

ulture of factories, efficiency, and mass production ( Morris 1880 ; 

uskin 1854 ). The primary difference between P2P production of 

he Arts and Crafts movement in the1880s and modern-day P2P is 

he enhanced technological capabilities to connect producers and 

onsumers across distributed P2P nodes. As a result, a new P2P 

rts and Crafts movement now sees a revival through local and 

rtisanal production empowered and connected by technological 

latforms such as Etsy. Through these P2P systems, production is 

ased on real community and market demand, while their capacity 

s enhanced through online connection. This blurring of lines be- 

ween physical and digital production and consumption boundaries 

s sometimes referred to as the 4th Industrial Revolution (4IR), 

hich is expected to drive a manufacturing reset in terms of a) 

mproved customer-centricity across supply chains, b) supply-chain 

esilience through connected and reconfigurable networks of pro- 

ucers, c) increased speed of production for on-demand produc- 

ion, and d) overarching eco-efficiency ( Betti et al., 2020 ). 

Limits to growth meets 4IR amongst these intersections and 

utcomes. While the dominant vision of 4IR rests on an as- 

umption of continued ephemeralization ( Heylighen 2007 ) and 
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ncreased smart-technologies, it also embodies the seeds of 

ew technics centred on Internet-connected, open-source, and 

2P collaboration. These new technics promote localized micro- 

anufacturing that make possible a re-emergence of highly net- 

orked artisans through 3D printers, home production spaces, 

layful fab-labs, makerspaces, and other shared manufacturing 

paces ( Lipson and Kurman 2013 ; Gershenfeld 2013 ). These de- 

elopments have fuelled a growing counter-culture of P2P mak- 

rs ( Billio and Varotto 2020 ; Lou and Peek 2016 ). By eliminat-

ng costly storage, long-range transportation, infrastructural over- 

ead, undercutting monopolies, and disincentivising mass adver- 

ising, P2P production is part of a more prominent solution for 

ustainable production schemes. Questions do still remain regard- 

ng scalability and how to design and implement larger networks 

hat support such a system on a global scale ( Mourtzis and Doukas 

014 ; Mourtzis et al., 2012 ). Furthermore, existing structures of 

2P production may be revolutionary as a reorientation of tradi- 

ional manufacturing within embedded economies, but the litera- 

ure does not sufficiently explore this, nor are there explorations 

f the extent to which people rely on P2P production for their ev- 

ryday consumption, or in different contexts the numerous socio- 

cological benefits associated with broader P2P culture. 

This paper explores these gaps, first through an overview of 

hanges in P2P consumption within the economic contraction of 

he COVID-19, followed by an analysis of how P2P production 

volves alongside degrowth. 

The data sets we use to investigate shifts in public interest 

uring the pandemic include the records of worldwide internet 

earch terms provided by Google Trends (trends.google.com). Sev- 

ral studies have already been published that use these rich data 

ets of internet searches as tools to explore the immediate and per- 

istent responses to the COVID-19 pandemic. 

Effenber ger et al. (2020) investigated the relationship between 

ublic interest in coronavirus and the contemporaneous number of 

nfected cases for selected countries around the world. They found 

hat across Europe and the US the internet search intensity for the 

isease peaked around 11.5 days before the first peak of newly 

nfected cases. Similarly, Lu and Reis (2021) used Google Trends 

ata to investigate the temporal correlation between a range of 

earch terms specific to symptoms of COVID-19 and clinically re- 

orted cases and deaths from the virus in 32 countries. They re- 

ealed a clear pattern of disease progression, strongly correlated 

o the clinical data, and so demonstrated this approach as a use- 

ul tool for real-time whole-population surveillance of the clinical 

rogression of pandemics before widespread laboratory testing is 

vailable. Calculating a related metric to Effenber ger et al. (2020) , 

u and Reis (2021) found that the increase in COVID-19 symptom 

elated searches preceded the rise in reported cases by an average 

f 18.5 days. Pan et al. (2020) use machine learning techniques to 

nalyse search data provided by Google Trends and forecast con- 

rmed cases of COVID-19. 

Other studies have used Google Trends data to eluci- 

ate how the unfolding pandemic has impacted people’s be- 

aviour and mental health, as well as other effects on society. 

oerger et al. (2020) found pandemic-associated spikes in searches 

or symptoms and self-treatment of anxiety; Zitting et al. (2021) 

eported a sharp increase in Google searches about insomnia dur- 

ng the pandemic; and Onchonga (2020) used Google Trends to in- 

estigate the worldwide public interest in self-medication during 

he onset of the pandemic. Caperna et al. (2020) used a combina- 

ion of internet search term data from Google Trends and machine 

earning methods to calculate an unemployment index, which they 

ound rose significantly and persistently after the imposition of na- 

ional lockdowns. 

Of greatest significance to this present study, 

chmidt et al. (2020) explore trends in public concerns in the 
2167 
S on food sourcing during the pandemic and report three distinct 

hases in food-related searches. First, from mid-Feb to mid-April 

020, search terms revealed interest in methods of food storage 

nd concerns over food shortages. Second, starting at the begin- 

ing of March, a growing interest in sourcing food locally and 

irectly from farmers. Third, from mid-late-March an increas- 

ng interest in take-out food and home delivery, coupled with 

ore searches for food banks (food aid) and a sharply increasing 

nemployment rate. 

Here, we employ similar techniques of selected queries of the 

oogle Trends database, coupled with company financial reports, 

o investigate the public response to the pandemic in terms of 

hifts of attitude to more local, distributed or sustainable modes 

f consumption and production. 

. Methods 

The literature demonstrates the potential of P2P production to 

hift to more sustainable production. Research is now required to 

scertain the degree to which consumers may actually shift their 

ehaviour toward P2P consumption within a context of economic 

ontraction. Here we analyse data acquired on both the internet 

earch volume of different keywords and the growth in revenue 

eported by various e-commerce platforms. 

For many people now, keyword searches of the internet serve 

s the primary source of information. The Google search en- 

ine (google.com) accounts for 87% of English-language internet 

earches (Clement 2020 accessed November 2020). Google Trends 

trends.google.com) provides data on the popularity of search 

ueries run through this dominant search engine as a time series 

ith weekly data points, and thus can offer insight on the chang- 

ng concerns and interests of (English-speaking) internet users 

orldwide. 

A first set of Google Trends database queries was selected 

o provide worldwide search volume datasets on terms related 

o the unfolding health crisis and home- or small-scale produc- 

ion. The search terms we used here were: “coronavirus”, “covid”, 

pandemic”, “3D printing”, “do it yourself”, “how to”, and “sour- 

ough” (see Fig. 1 ). Each search term was entered into a sepa- 

ate query of the Google Trends database using their website portal 

trends.google.com). For each query, we selected the region of in- 

erest as ’Worldwide’, over the ’Custom date range’ of 01/01/1999 

o 15/11/2020 (the time of data capture for this study), including 

All categories’, and for complete ’Web Search’ (rather than, for ex- 

mple, limiting to searches for an image or news). The data re- 

urned by each Google Trends query was downloaded as a plain- 

ext .csv file. Data from individual queries were then plotted using 

ommercial analysis software (Wolfram Mathematica 12.2). 

A second set of Google Trends database queries focussed on se- 

ected online shopping websites and e-commerce platforms. The 

earch terms used were: “walmart”, “ikea”, “ebay”, and “amazon”, 

elected as the largest e-commerce sites (“Top 10 E-Commerce 

ites in the US 2020 ′′ 2020; accessed December 2020), as well 

s “etsy” and “shopify”, included as rapidly growing customer-to- 

ustomer (C2C) competitors offering marketplaces for homemade 

r peer-to-peer (P2P) production wares (see Fig. 2 ). As before, each 

earch term was entered as a separate query of the Google Trends 

atabase, selected over a ‘Worldwide’ region over the data range 

1/01/1999 to 15/11/2020 to include ‘All categories’ of a complete 

Web Search’, and the data returned saved as .csv files. This weekly 

earch volume data for each online store was normalised to its 

ean value over the second and third quarters (Q2-Q3) of 2019 

i.e. 31st March – 29th September; covering a period without sig- 

ificant deviations from holiday sales or promotions, for example) 

efore being plotted so that the relative change in web traffic can 

e compared (see Fig. 2 ). 
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Fig. 1. Time-series data (weekly datapoints) from Google Trends on relative internet search popularity of different terms since 2019, each normalised to their maximum over 

this period at 100. The “pandemic” search term plot is labelled with corresponding significant world events (with the week commencing date). 
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Financial information was also acquired for these same e- 

ommerce platforms, where publicly available. Financial returns 

ere obtained from the US Securities and Exchange Com- 

ission ( www.sec.gov ) through their EDGAR (Electronic Data 

athering, Analysis, and Retrieval) online company lookup por- 

al ( www.sec.gov/edgar/searchedgar/companysearch.html ). We per- 

ormed searches for the following online-trading companies (with 

YSE or Nasdaq stock code): “Walmart Inc. (WMT)”, “Ebay Inc. 

EBAY, EBAYL)”, and “AMAZON COM INC (AMZN)”, “ETSY INC 

ETSY)” and “SHOPIFY INC. (SHOP)”. For each company we accessed 

he 10-Q quarterly reports from Q1 2018 to Q3 2020 as ’Inter- 

ctive Data’, downloaded the corresponding spreadsheet and ex- 

racted the reported net revenue or sales figures. These data were 

hen normalised to the mean for the first two quarters of 2018 so 

hat the relative growth over time can be compared irrespective of 

he absolute size of these different businesses (see Fig. 3 ). 

. Results and discussion 

.1. What happened during the COVID-19 pandemic 

We have interrogated publicly-accessible datasets to provide 

etrics on the changes in public concerns and interests in home- 

nd small-scale production, as well as shifts in purchasing be- 

aviour, during the COVID-19 pandemic. 

.1.1. Home and small-scale production 

Internet search data acquired from Google Trends can provide 

nvaluable insights into the changing prevalence of international 

ublic interest in different topics, as shown in Fig. 1 . 

“Coronavirus”, “covid” and “pandemic” all show similar be- 

aviour in the first three months of 2020 and so only “pandemic”

s plotted here for clarity. The worldwide search volume for “pan- 

emic” exhibits an early, small spike in the week of 26th Jan- 

ary, with the emergence of news reports that the Chinese city 

f Wuhan had been put into complete lockdown, and the World 

ealth Organisation declared a global health emergency (Reuters 

taff 2020 ). Effenber ger et al. (2020) also report that the world- 

ide public interest in coronavirus (as gauged through Google 

rends) reached its first peak at the end of January 2020 when 

he number of new cases in China was growing exponentially. In- 
2168 
erest waned again, until the major outbreaks erupted in Italy and 

ran a month later and then the search traffic surged in the week 

ommencing 8th March as the WHO classified COVID-19 as a pan- 

emic and the USA declared a national emergency. After people 

ad initially looked-up what the coronavirus pandemic is the vol- 

me of searches rapidly declined, approximately following an ex- 

onential decline with a half-life of 3–4 weeks. Three weeks af- 

er the peak in people searching the internet for information on 

he pandemic, Google Trends reveals a peak in the number of web 

earches for “3D printing” in the week of 29th March. We will re- 

urn to this interest in 3D printing later. Google Trends also reveals 

hat the following week (w/c 5th April), with widespread closure 

f shops, services and public spaces and many people confined to 

helter at home, terms related to self-reliance such as “How to”

nd “Do It Yourself” peaked. A fortnight later, in the week be- 

inning 19th April, Google tracked a specific example of home- 

ade produce that became faddish during lockdown: people seek- 

ng how to make their own “sourdough” cultures for bread-baking. 

hereas specific “sourdough” searches had significantly declined 

gain by July 2020, more general searches for home-making guid- 

nce remained elevated. “How to” remained higher than “do it 

ourself” as this former term has a broader usage and was still 

eing used frequently by people seeking guidance on, for exam- 

le, how to educate or entertain children confined at home dur- 

ng lockdown; whereas the latter is more associated with home- 

mprovement projects (although the spike witnessed in the last 

eek of October is attributed to searches relating to DIY halloween 

ostumes and decorations). 

These internet search engine historical datasets thus describe 

 succession of public concerns and interests developing over the 

rst weeks of the coronavirus outbreak: pandemic – 3D printing –

ow-to / DIY 

.1.2. Shifts in consumer behaviour 

Concurrent with this lockdown-triggered swelling of interest 

n online instructions for how to make and do things for your- 

elf at home was a surge in online shopping and e-commerce. 

ig. 2 plots the relative number of searches reported by Google 

rends for online shopping platforms Walmart, Ikea, eBay, Amazon, 

tsy and Shopify. These were selected as the largest e-commerce 

ites ( Top 10 E-Commerce Sites in the US 2020 2020 ) or rapidly

http://www.sec.gov
http://www
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Fig. 2. Time-series data (weekly data points) from Google Trends on relative internet search popularity of different e-commerce platforms since 2019, each normalised to its 

mean value over Q2-Q3 2019. 

g

P

o

(

m

t

c

i

m

i

s

d

s

(

f

A

f

A

f

m

a

n

f

o

s

rowing C2C competitors offering marketplaces for homemade or 

2P production wares. 

Walmart.com is the e-commerce site of the American chain 

f department stores and world’s largest company by revenue 

“Global 500 ′′ 2020; accessed December 2020); Ikea is a Swedish 

ultinational selling ready-to-assemble furniture and home fit- 

ings; eBay is an online marketplace for both B2C (business-to- 

onsumer) and C2C auctions of new and used products; Amazon 

s primarily a B2C e-commerce store and the world’s largest online 

arketplace (“Global 500 ′′ 2020; accessed December 2020); Etsy 

s an online marketplace focussed on handmade produce and craft 

upplies; and Shopify is an e-commerce platform that supports in- 

ependent producers and retailers with services including online 

ales and shipping. 
n

2169 
We focussed here on English-language e-commerce websites 

for which the Google Trends dataset is most applicable), and not, 

or example, large Chinese-language online shopping platforms like 

libaba and its C2C marketplace Taobao.com and B2C retail plat- 

orm Tmall.com, or the B2W family of shopping websites in Latin 

merica. Other English-language online C2C and B2C marketplaces 

or clothes, jewellery, home décor and other artisanal and hand- 

ade crafts, or e-commerce platforms for independent creatives, 

lso exist. These include Zibbet, iCraft, Artfire, Hello Pretty and Bo- 

anza, but Google Trends data cannot be used as a reliable proxy 

or traffic volumes because they currently receive too few searches, 

r their names are not unique search terms to allow confident as- 

ignment of the search volume stats to that specific website. 

The weekly search volume data for each online store has been 

ormalised here to its mean value over Q2-Q3 2019 (i.e. 31st 



Lewis . Dartnell and K. Kish Sustainable Production and Consumption 27 (2021) 2165–2177 

Fig. 3. Net revenue or sales figures reported in quarterly returns filed in USA by selected e-commerce platforms, normalised to their mean over Q1-Q2 2018 so as to show 

relative growth over this time. 
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arch – 29th September; covering a period without significant 

eviations due to holiday sales or promotions, for example) so 

hat the relative change in web traffic can be compared. These 

oogle search frequencies are used here as a reliable proxy for 

ctual visitor traffic volumes to these e-commerce sites. Even if 

n internet user knows the exact URL they wish to navigate to 

e.g., www.amazon.com ) they are often lazy and simply type the 

eyword into their browser’s navigation bar and thus perform a 

oogle search for the relevant weblink (Newman 2010). 

These time courses of internet searches for different online 

tores plotted in Fig. 2 exhibit revealing trends in shifts in con- 

umer preferences from the start of national lockdowns in mid- 

arch through the duration of the pandemic across the remain- 

er of 2020. Walmart exhibits two very sharp spikes in the last 

eek of November (100% increase over Q2-Q3 2019 mean) and the 

ast week of December (80% increase), taken to be due to the pro- 

otional effort s of ’Black Friday’ and post-Christmas sales, respec- 

ively. Walmart also shows a steep 40–50% rise in searches at the 

eginning of the pandemic (week commencing 15th March 2020), 

ut this increase is not sustained and the number of searches 

eclines steadily over the following seven months to its pre- 

andemic levels. Ikea shows a roughly 25% dip at the start of the 

ockdown, before exhibiting a slow climb to a 30–40% increase 

y mid-May, presumably as consumers confined at home begin 

hinking about furniture. eBay also experiences a dip in website 

earches at the start of the pandemic but then exhibits only a very 

eak pandemic increase in traffic (no more than 15% above the 

2-Q3 2019 mean) which readily declines back to pre-pandemic 

evels, if not even further supressed. Indeed, viewing the longer 

istory of Google search volume (plot not shown here), eBay has 

een steadily declining for the past five years. 

Amazon and Etsy both show a ~60% spike in searches at the 

eginning of December, accounted for by the transient increase in 

resent-buying for Christmas. Etsy initially exhibits a sharp 25% 

ip in searches mid-March, at the beginning of national pandemic 

ockdowns. Within a month, however, this is followed by a sub- 

tantial jump in traffic which maintains at a plateau of between 

0% and 90% increased searches during the pandemic. Shopify also 

xperiences a substantial surge in searches from the onset of the 

andemic, but this has declined again by Q3. Amazon shows no 

uch dip in web traffic at the start of the pandemic but does 
2170 
ot show as great an increase as Etsy; searches for Amazon re- 

ain around 15–45% elevated. While more detailed survey results 

re required to understand exactly why consumers behaved this 

ay, we postulate that during the early days of the pandemic 

eople’s consumption was motivated by panic and subsistence, 

ot by values. This would encourage consumption through chan- 

els that are reliable and inexpensive – such as Amazon. How- 

ver, the shift toward value-orientated consumption would begin 

fter people became more comfortable with the global situation. 

his would lead consumers toward places such as Etsy. The in- 

rease in Shopify signifies small-business adaptation to online pur- 

hasing trends. Other movements have self-organised to help cus- 

omers buy locally or support smaller, independent vendors dur- 

ng the pandemic lockdowns rather than dominant online delivery 

latforms such as Amazon. For example, in the UK Bookshop.org 

tarted in November 2020 to connect customers with independent 

ooksellers ( Grant 2020 ) and in Canada the Not-Amazon.ca web- 

ite is hoping to shift online shopping habits to local businesses 

 Fraser 2020 ). 

These Google Trends datasets of search-term volumes provide 

n invaluable insight into the changing patterns of consumer be- 

aviour over the course of the developing pandemic. The data have 

 fine temporal resolution (weekly) for elucidating changing trends, 

ut it is not necessarily the case that more internet searches trans- 

ate to an increase in actual purchases or transactions on these 

-commerce sites. It is therefore necessary to also consider the 

uarterly sales figures reported by these companies – only avail- 

ble at a much lower temporal resolution (every three months) 

ut a true reflection of the genuine purchasing behaviour dur- 

ng the pandemic. The Salesforce Shopping Index found that rev- 

nue generated by online shopping increased by 71% in Q2 2020, 

ompared to the previous year; the greatest increase recorded 

ince the Shopping Index began in 2013 ( Garf 2020 ). Much of 

his rise is clearly explained by the pandemic closing bricks-and- 

ortar stores and consumers sheltering at home having no option 

ther than online shopping, but has the pandemic also driven a 

hift in the pattern of e-commerce: have C2C / P2P marketplaces 

enefited disproportionately compared to the established B2C 

latforms? 

Fig. 3 shows the net revenue or sales figures reported by Wal- 

art, eBay, Amazon, Etsy and Shopify in their US quarterly returns. 

http://www.amazon.com


Lewis . Dartnell and K. Kish Sustainable Production and Consumption 27 (2021) 2165–2177 

T

t

c

b

i

t

r

r

y

o

s

2

o

t

n

(

y

b

a

f

r

o

s

s

e

R

d

e

i

t

t

l

b

(  

s

a

t

p

v

E

g

y

2

r

m

i

t

p

e

g

E

p

e

r

m

w

Q

8

g

t

h

c

w

i  

c

s

8

a

v

l

B

f

U

f

4

e

l

s

t

w

o

n

I

M

i  

r

p

m

r

t

s

s

o

C

o

i

m

P

t

a

a

S

o

p

l

C

v

r

t

a

i

i

p

a

p

p

h

e

m

t

f

t

hese financial income data have been normalised to the mean for 

he first two quarters of 2018 so that the relative growth over time 

an be compared irrespective of the absolute size of these different 

usinesses. 

All five companies shown here can be seen to exhibit a bump 

n sales in Q4 of each year with the Christmas commercialism. Nei- 

her eBay nor Walmart have undergone any significant growth in 

evenue since the beginning of 2018, whereas Amazon has expe- 

ienced consistent growth of around 50% over the displayed two- 

ear period leading up to the start of 2020. The biggest winners 

f 2020, however, have been Etsy and Shopify, with a substantial 

urge in revenue reported over the second and third quarters of 

020 during the coronavirus pandemic. 

Shopify witnessed a 62% increase in new stores being opened 

n its platform between 13th March and 24th April, compared 

o the prior six weeks ( Shopify Announces First-Quarter 2020 Fi- 

ancial Results 2020 ), and the overall Gross Merchandise Value 

GMV) increased 119% in Q2 2020 compared to the previous 

ear. Significantly, Shopify also recorded an increase in the num- 

er of customers shopping locally - choosing to purchase from 

 Shopify-hosted business located within 25 km, and the GMV 

rom ’buy online, pickup in store’ in English-speaking territo- 

ies more than doubled in Q2 2020 compared to the previ- 

us quarter before pandemic lockdowns [ https://news.shopify.com/ 

hopify- announces- second- quarter- 2020- financial- results ]. 

Etsy reports that during the second quarter the marketplace 

aw an influx of 18.7 million new buyers and reactivated buy- 

rs (those who haven’t purchased in a year or more) (“Etsy, Inc. 

eports Second Quarter 2020 Financial Results” 2020). The major 

river for this rapid expansion was that the P2P production model 

mployed by Etsy was able to dynamically respond to the sudden 

ncrease in demand for non-medical-grade face masks triggered by 

he pandemic. 

The US government announced guidelines on 3rd April 2020 

hat facemasks should be worn when out of the home, and 

ater that same day Etsy sent a notification to all of its US- 

ased craftspeople to prioritise manufacturing homemade masks 

 VanderMey 2020 ). Within a few weeks of this rallying-cry, 20,0 0 0

ellers on Etsy were offering homemade, non-medical grade masks, 

nd by September 2020 the number had grown to 120,0 0 0. Over 

he second quarter of 2020 (April-June; during the first wave of the 

andemic) 14% of Etsy’s Gross Merchandise Sales (GMS; the dollar 

alue of items sold in its online marketplaces) was from masks. 

ven excluding these masque sales, Etsy’s second-quarter GMS had 

rown by 93% - an increase of $1.0 billion - from the previous 

ear (“Etsy, Inc. Reports Second Quarter 2020 Financial Results”

020). Thus, once on the Etsy platform consumers browsed the full 

ange of crafts available and bought items other than home-crafted 

asks - the pandemic had driven a surge in P2P in general. 

The trend is clear. Many online shops have witnessed a boom 

n business during the pandemic, which is not surprising given 

hat during the national lockdowns their bricks-and-mortar com- 

etitors on the high street or in shopping malls around the world 

xperienced significant periods of closure. However, against this 

eneral backdrop favouring online shopping, P2P marketplaces like 

tsy and Shopify that focus on artisanal or homemade wares ex- 

erienced a proportionally much larger surge. As shown in Fig. 2 , 

-commerce sites like Amazon, eBay and Walmart all experienced 

ises of up to 50%, but these declined again over the following 

onths. Crucially, the increases experienced by Etsy and Shopify 

ere not only of much greater magnitude – almost doubling the 

2-Q3 2019 mean – but have also been sustained throughout the 

 months of the pandemic in 2020. Thus, during the pandemic the 

eneral public were not only interested in finding out how to make 

hings themselves, but they were also preferentially seeking-out 

omemade or artisanal products rather than mass-produced items. 
2171 
Consumer research conducted by Accenture consultancy indi- 

ates that the shifts in habits formed during the coronavirus crisis 

ill continue long afterwards. This includes a rise in home cook- 

ng and baking, as well as DIY activities, but also a shift in how we

onsume (as we have demonstrated in Figs. 1 to 3 ). 56% of con- 

umers said they are buying more locally sourced products, and 

4% of those affirm they plan to continue to do so long-term. In 

ddition, 61% of consumers claim they are now making more en- 

ironmentally friendly, sustainable, or ethical purchases, with 89% 

ikely to continue after the pandemic ( Standish 2020 ; Vujanic and 

urns 2020). These results echo those of Schmidt et al. (2020) , who 

ound that from the early stages of the pandemic consumers in the 

S showed a growing interest in sourcing food locally and directly 

rom farmers. 

.1.3. Response of the 3D printer community 

The COVID-19 pandemic strained the capacity of vital hospital 

quipment for intensive care such as ventilators, and also high- 

ighted the frailty of established supply chains for clinical PPE (per- 

onal protection equipment) including surgical masks, N95 respira- 

or masks, transparent face shields, sterile gowns and gloves. There 

as much media attention in the early stages of the development 

f the pandemic on how non-traditional manufacturing processes, 

amely 3D printing, were being exploited to fill the supply gaps. 

ndeed, the surge of interest in 3D printing in the week of 29th 

arch 2020 is conspicuous in the internet search data presented 

n Fig. 1 . 3 D printing has the advantage of being very versatile and

equires only minimum set-up time to begin manufacturing new 

roducts (compared to, for example, creating a suitable injection 

ould for traditional plastic production). Even despite severe dis- 

uptions to the traditional supply chains, items could be manufac- 

ured on-demand by this decentralised capacity. 

This loose community, from individual hobbyists to medium- 

ized 3D printer factories, was able to swiftly mobilise to begin 

upplying items to their own local hospitals or others in need, and 

nline communities of volunteers emerged to share opensource 

AD (computer-aided design) files and 3D-printing file formats 

n online databanks, and worked collaboratively to re-iteratively 

mprove designs. Overall, a broad diversity of 3D-printed equip- 

ent was designed and produced in response to the pandemic: 

PE including face shields, respirators and masque adjusters; in- 

ensive care equipment such as ventilator valves; testing consum- 

bles like nasopharyngeal swabs; as well as personal tools such 

s door-opening and button-pushing devices ( Choong et al., 2020 ; 

ingh, Prakash, and Ramakrishna 2020). 3D printing had started 

ut as a novelty with some usage in healthcare sectors such as 3D 

rinted limbs, trachea splints, and brain models for surgical simu- 

ation ( Oladapo et al., 2021 ). But this community action during the 

OVID-19 pandemic, responding to deficiencies in PPE and other 

ital equipment that were not met by mainstream supply chains, 

epresents one of the first widespread non-trivial usages of the 

echnology and social infrastructures associated with it. 

Despite these best intentions, however, it is unclear how great 

n impact these donated 3D-printed items actually had in provid- 

ng viable substitutes for the needed clinical equipment and mean- 

ngfully supporting front-line health practitioners. Hospital sup- 

lies must satisfy stringent clinical specifications regarding safety 

nd efficacy, and many of the donated 3D-printed items were 

oorly-designed or of inadequate quality (for example employing 

arts that weren’t air-tight or were badly fitting), and hospitals 

ad no way of verifying if they had been produced under the nec- 

ssary sterile conditions. Other issues included well-meaning but 

isconceived effort s to manufacture individual components rather 

han the assembly of complete products. For example, headbands 

or face shields were created, but the transparent visor and elas- 

ic still had to be sourced through conventional supply channels. 

https://news.shopify.com/shopify-announces-second-quarter-2020-financial-results
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any hospitals were unable to actually use donated items and 

hey were disposed of ( Hilkene 2020 ). Published evaluations and 

ross-comparisons of 3D printed PPE have assessed the designs on 

rotective safety and comfort, as well as practicality concerns such 

s print-time and scalability and found many to clinically unsuit- 

ble or inefficient for production in higher numbers (including, for 

xample, ( Wesemann et al., 2020 ; Tarfaoui et al., 2020 )). 

One specific limiting factor in healthcare capacity to treat the 

urge of hospitalised COVID-19 patients was the severe short- 

ge of ventilator machines. For patients requiring sub-intensive 

are, continuous positive airways pressure (CPAP) machines were 

sed instead but compatible breathing masks were also a limited 

esource. In response, an Italian engineering company, Isinnova, 

eveloped a 3D-printable part they called the ‘Charlotte valve’ 

( n.d, 2020 )isinnova n.d.) that enables CPAP machines to be con- 

ected to an inexpensive leisure item, the ‘Easybreath’ full-face 

norkelling masque sold by the multinational sporting goods re- 

ailer Decathalon ( Choong et al., 2020 ). However, laboratory-based 

ests (using healthy volunteers) of this improvised solution found 

t to provide a viable emergency substitute in only limited con- 

exts. The percentage of inspired oxygen was consistently lower, 

nd the level of carbon dioxide accumulation was higher, with 

he adapted snorkel masque compared to a standard CPAP masque 

 Landry et al., 2020 ; Noto et al., 2020 ). Furthermore, the use of

igher delivery pressures resulted in excessive leakage from the 

orehead seal, which would present a risk of spreading aerosolised 

irus from an infected patient ( Landry et al., 2020 ). 

In order to attempt to coordinate the response between the 

D-printer community and medical practitioners and help drive 

he improvement and of designs for consistent quality and safety 

“COVID-19 Response | NIH 3D Print Exchange” n.d.) a broad US in- 

eragency collaboration was established on 25thMarch 2020 (FDA 

ommissioner 2020) between the National Institutes of Health 

NIH), National Institute for Additive Manufacturing Innovation 

NIAID), Food and Drug Administration (FDA), Veterans Health- 

are Administration (VA), National center for defense Manufactur- 

ng and Machining (NCDMM) and America Makes ( Hilkene 2020 ). 

his partnership clinically-reviewed and passed 31 community- 

ubmitted designs in the first three months, and by mid-November 

020 had matched more than 50 0,0 0 0 3D-printed face shields and 

48,0 0 0 3D-printed face masks with health care providers and oth- 

rs in need (FDA Commissioner 2020). 

While 3D printing is well-suited for reiterative prototyping or 

ome production of one-off items, it is exceedingly slow (taking 

everal hours to produce a single face masque, for example) and 

xpensive for large-scale production. To what extent did this grass- 

oots, altruistic effort from the 3D-printing community genuinely 

ake a significant contribution to producing critical items dur- 

ng the lag-time of the traditional mass-manufacture and transport 

hains? This can only be fully assessed retrospectively, and the US 

ood and Drug Administration (FDA) and America Makes organisa- 

ion have launched a study to assess the impact of non-traditional 

anufacturing such as 3D printing on the response of the pub- 

ic health system during the pandemic (FDA Commissioner 2020). 

onetheless, the COVID-19 pandemic brought a lot of public atten- 

ion to 3D printing (as demonstrated, for example, by the plot in 

ig. 1 ). 

Despite limitations, 3D printing as a response to the COVID-19 

andemic demonstrated that it is useful beyond trinkets and nov- 

lty. This was the first time that the general public, governments, 

nd corporations saw a large-scale benefit of 3D printing as a tool 

or resilient communities through rapid response to crises. This ad- 

itive manufacturing process is a highly versatile, distributed, fab- 

ication technique and the upwelling of decentralised design and 

roduction in support of the beleaguered health services revealed 

dmirable ingenuity, resourcefulness, and community spirit during 
2172 
he time of acute adversity. This example explored here therefore 

nderscores the ability of such collaborative and open-source com- 

unity action to respond rapidly but, as we have argued, the full 

ffectiveness of such well-meaning grass-roots efforts can only be 

arnessed with a degree of top-down coordination, expert vetting 

f designs, and regulation. An interagency collaboration for such 

anagement did emerge in the US within the specific context of 

he COVID-19 pandemic, but if distributed 3D printing is to become 

 significant part of the future of sustainable production and peer- 

o-peer consumption such coordination infrastructure will need to 

ecome stably established. 

We have so far explored the shifts in public interest and con- 

umer behaviour during the pandemic, as well as discussed two 

pecific case examples of the Etsy homemade facemasks and the 

esponse of the 3D printer community. We still need to ask what 

ill happen after the coronavirus pandemic recedes? It is likely 

hoppers will continue to favour online platforms ( Standish 2020 ), 

ut will the pandemic also have affected a long-term shift towards 

referring C2C, P2P and locally produced goods? In the follow- 

ng section we argue that even if these trends are not significant 

nough for widespread change, it is likely to have lasting impact 

hrough increased capacity to a prefigurative degrowth economy. 

e have demonstrated that there was indeed a small shock, and 

ext we address how this small shock fits into to a larger, com- 

elling, and more comprehensive long-term and large-scale transi- 

ion toward degrowth economics. 

.2. How shocks help to prefigure long-term systemic change toward 

2P and degrowth economies 

The COVID-19 pandemic exposed further need to reorient 

conomies from growth demands to human welfare and wellbeing, 

s argued by ecological and degrowth economic scholars. While vi- 

ions of a degrowth society seem far off, more scholars are turning 

heir attention to the role of prefigurative politics for strengthen- 

ng the possibility of change ( Jeffrey and Dyson 2020 ; Yates 2020 ;

ish 2019 ). 

Prefigurative politics are living representations of ideological 

ositions ( Leach 2013 ). While groups of prefigurative actors may 

ot immediately impact mainstream systems, they live within it 

ccording to their own ideals with hope of broader influence. This 

s a political lifestyle practice of social movements ( Boggs 1977 ). 

hese prefigurative groups then sit as pockets of opportunity for 

he future that may eventually find moments to become more 

ainstream as systems tend to follow certain pathways of change 

 Allen et al., 2014 ; Gunderson and Holling 2001 ). When opportuni- 

ies through disruption, such as COVID-19, arise, there is a greater 

hance to influence the mainstream system ( Westley et al., 2007 ). 

he stronger the prefigurative politic is, the more likely it will pre- 

ail. At the very least, it is likely to garner additional support. 

This suggests two things: firstly, that local policy to enhance al- 

ernative systems that embody the values of socio-ecological tran- 

itions are a strong way to institute change and that secondly, such 

adical small-scale change communities should network together 

o strengthen response to opportunities. This allows for both incre- 

ental change and paradigmatic shifts. Incremental in the sense 

hat capacity is built as cracks continue to emerge and at the 

ame time capitalist systems continue to implement austerity mea- 

ures etc. to maintain their systemic stronghold. With every dis- 

urbance, such as COVID-19, the movements improved their ca- 

acity and strengthen themselves as an alternative for the next 

rack ( Gunderson and Holling 2001 ; Kingdon 1984 ). Eventually, the 

rack will be big enough that the system can have a larger scale 

ip – this is similar to theories put forward by Holloway in Crack 

apitalism ( Holloway 2010 ). From this view, prefigurative politics 

ecome extremely important. While system change is nonlinear 
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nd often associated with “black swan” events ( Taleb 2007 ), pre- 

guration is design orientated. Thus, it is the role of ecological 

conomists, degrowth economists, and sustainability activists to in- 

titute and live policy that helps support good prefigurative op- 

ions – particularly ones that help link localized pockets of oppor- 

unity together, such as P2P production and consumption networks 

hat seem to help bolster needs for consumers and producers in an 

vent of economic contraction. 

The roots of P2P DIY are in pre-industrial cultures when virtu- 

lly all production was localized, what Fox describes as the first 

ave of DIY culture (2014). This first wave was agrarian, with lim- 

ted alienation, and mainly conducted through homemade or sim- 

le tools. Transactions were limited to immediate community, with 

ittle to no surplus production as goods were made as needed, and 

he process was highly inefficient. The village blacksmith, thatcher, 

otters, etc. all responded to the needs of the community, produc- 

ng only what was required. This subsistence DIY was marked by 

eople growing and making what they required to eat and use. 

his included geographically-limited trade as canals and railways 

ere not yet invented and transport over land was prohibitively 

xpensive – both in time and cost. 

During the industrial revolution, production dramatically 

hanged from man-made artisanal goods to machine produced 

oods. Innovations in machinery for more efficient and reliable 

roduction took over and those who may have previously worked 

o directly produce items became but one link in much longer pro- 

uction chains. This massive shift toward factory-produced goods 

nd factory jobs fundamentally reoriented the way things are pro- 

uced and how people consume. With more efficient and rapid 

roduction lines, people began to consume far more than they pre- 

iously had. However, some criticised both the impact this had on 

he quality of products and the social changes associated with the 

ivision of labour and alienation from production (Giddens 1990; 

973; Durkheim 1893; Morris 1880 ; Ruskin 1854 ). These criticisms 

aw a revival of the DIY movement with shared workspaces, crafts- 

an homes such as the Tudors of the Lake District, and eventual 

xpansion into the United States where second wave DIY eventu- 

lly caught on. Second wave DIY is characteristic of predetermined 

roducts and pre-cut goods accompanied by instructional booklets 

or self-assembly. Ikea (see Fig. 1 ) quite successfully latched onto 

his culture, combining the efficiency of the industrial production 

ith the feel-good desire for DIY production. 

Third wave, or informational DIY, characteristic of the 4IR, oper- 

tionalizes the network capacity of the internet to distributed de- 

igns and empowers individuals to “invent, design, make, and/or 

ell goods that they think of themselves” ( Fox 2014 ) rather than 

hrough prescribed designs. Fox argues that Informational DIY is 

evolutionary in its shift to presumption through enhanced individ- 

al innovation, and entrepreneurship. While knowledge is trans- 

erred through common pool knowledge banks, there is still a 

isconnection between most producers and distributed produc- 

ion nodes worldwide. Fox’s definition of the third wave contin- 

es to prioritize production efficiency, innovation for the sake of 

nnovation, and is embedded in traditional neoclassical market 

conomies. The wave he describes is highly reliant on technologi- 

al systems while putting little effort into local nodes of indepen- 

ent production. Fox indicates the use of micro mobile factories 

ithin this wave, but this kind of production, disassociated from 

ommunity and place, is antithetical to degrowth economics. It 

ould make sense for highly specialized equipment to be mobile, 

ut production embedded in place used and shared by a consistent 

ommunity is vital for promoting democratic and just production 

ystems. Fox’s third wave has many characteristics that are incom- 

atible with degrowth economics, including increased efficiency, 

mproved specialist knowledge, and production according to evalu- 

tion of opportunity cost and desire for recognition in production. 
2173 
The trends observed during the COVID-19 pandemic, and the 

npredictable nature of the future, suggest a need for production 

ystems that combine socially resilient and technologically inno- 

ative production schemes. We suggest that these trends demon- 

trate initial movement toward a new kind of DIY, which we call 

he fourth wave of “resilient degrowth DIY” that continues to take 

dvantage of technological innovations and P2P networks of the 

hird wave while living within degrowth principles of sufficiency, 

ustainability, and necessity rather than efficiency and desire, char- 

cteristic of the first wave (see Table 1 ). Within such a wave, we 

ould expect to see reduced efficiency in favour of artisanal prod- 

cts, heightened generalist knowledge as people try to add skills 

o their own repertoire, and production based on real community 

emands rather than market demands. We can also imagine that 

ontinued growth of online networking would help connect pro- 

uction nodes to locate recycled or locally sourced materials for 

roduction that do not rely on long supply chains. The pandemic 

rovided a glimpse of the intersection of P2P production and low- 

rowth economics – the network of producers were able to quickly 

dapt through diverse and decentralized networks – key character- 

stics of resilient systems ( Stockholm Resilience Center 2015 ). Ob- 

ervable growth within this fourth wave DIY, as witnessed during 

he COVID-19 pandemic, may signal a shift towards producer and 

onsumer behaviour that is more resilient and sustainable. 

Ecological and degrowth economics are not only concerned 

ith a positive relationship between the economy and the en- 

ironment. The wellbeing of individuals is also a central theme, 

articularly as it relates to measurements of success in society 

 Bergh 2009 ; V. D. Bergh and M 2007 ; Bleys 2012 ; Costanza et al.,

014 ). The fourth wave allows individuals to remain embed- 

ed in community while also providing significant mental health 

enefits, and thus higher quality of life. Modern mainstream 

roduction tendencies contributed to alienation, dissatisfaction, 

nd narcassistc consumption associated with individualization 

 Brownhill et al., 2012 ; Beck and Beck-Gernsheim 20 02 ; Elias 20 01 ;

llman 1977 ). Artisanal production helps to combat these social 

ilments. Small scale and hands-on production is good for mental 

ealth across all age ranges ( Lee and Worsley 2019 ; Dholakia 2018 ;

un et al., 2015 ). Making products reassociates and de-alienates 

ndividuals with their work as the producer and others in their 

ommunity as consumers. In contrast to embedded economies, 

odern market economies emerging from the industrial revolution 

re built on secondary forms of relationships. People buy and sell 

oods and products without any conception of who is on the other 

ide. P2P production helps to reestablish a more personalized re- 

ationship of trade by promoting a more transparent relationship 

ith the way goods are produced, where they are produced, and 

ho is producing them. This new mode of production also dis- 

upts innovation cycles meant to support consistent conspicuous 

onsumption. Second and third wave innovation is based on mar- 

et research, growth incentivization, and rapid competitive proto- 

yping technologies. The fourth wave innovates based on the needs 

f the community and enhances opportunity for democratic inno- 

ation through social provisioning as groups decide as a commu- 

ity what is worth innovative capacity. 

The P2P community also inherently values openness, collabo- 

ation, and co-production ( Richterich 2020 ), key characteristics of 

 long-term sustainable institutions ( Akbulut and Adaman, 2020 ). 

hile neoclassical capitalism thrives on intellectual property 

ights, fourth wave DIY requires open source knowledge and com- 

on spaces. Not only does this open everything up for broader cre- 

tive innovation, but it also empowers cognitive justice for those 

n historically marginalized areas. Open source and P2P production 

s very similar to the popular paradigm of collaborative consump- 

ion which uses similar telematic infrastructures to facilitate a re- 

mergence of service systems, redistributed markets, and collabo- 
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Table 1 

Characterization of Waves of DIY derived from Fox 2014 . We expand on this and include a new fourth wave of DIY production that is compatible with and advances 

degrowth economics. 

First Wave Second Wave Third Wave Fourth Wave 

Summary Agrarian and pre-industrial Factory industrial production Informational and technological Resilience and degrowth 

Resources Handmade tools and natural 

materials 

Provided factory made materials with 

premade design 

Digital equipment and tailored 

material to improve efficiency 

More traditional methods 

paired with digital equipment 

and local materials 

Specialization Lack specialized tools and 

materials; highly diverse in 

abilities 

Proprietary specialized knowledge & 

design 

Common pool specialized 

knowledge collected online; 

still identify with one form 

Shared knowledge with 

generalized abilities; sharing of 

work where abilities lack 

Alienation Limited alienation between 

others and work 

Highly alienated Less alienation in work; some 

alienation from others 

Integrated production with life 

& community – limited 

alienation 

Transactions Very few, if any, market 

purchases 

Firmly placed within neoliberal market 

transactions 

Mostly placed within 

mainstream market 

transactions, some non and 

alternative market transactions 

Many non-market transactions; 

alternative markets (local 

currencies) 

Efficiency Highly inefficient, with need to 

improve for quality of life 

Highly efficient – all effort s to improve 

efficiency 

Digitally enhanced efficiency; 

less efficient overall 

As efficient as necessary for 

improved livelihood, but no 

more 

Technological 

Reliance 

None, except personally 

designed tools 

Highly reliance on industrial 

technologies, factories 

Highly reliant on technological 

equipment and networks 

Highly reliant on shared local 

tools and less so on online 

networks 

Innovation Limited introduction of new 

goods or services; no need 

Innovative for economic growth Innovative for economic growth 

and personal curiosity 

Democratic innovation through 

social provisioning 

Surplus 

Production 

None, all consumed A lot of surplus production with 

significant waste 

Less surplus production given 

smaller market reach 

Production amount decided 

based on need 

Collaboration Small, isolated groups Brand holders and consumers – no 

collaboration beyond market forces 

Highly collaborative in localized 

areas 

Highly collaborative in both 

local and global networks 
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ative lifestyles ( Botsman and Rogers 2010 ). This allows for broad 

nd open access to services, knowledge, and networks that be- 

in to deeply challenge conspicuous consumption and the value of 

ersonalized ownership toward collective ownership. This kind of 

ovement thrives on the expectation of community opportunities 

or reciprocity and gifting – which enhances human wellbeing and 

ommunity orientation ( Botsman and Rogers 2010 ). It also reduces 

he throughput of consumer goods, local material use, shorter sup- 

ly chains, and promotes repairability and recycling ( Kish et al., 

016 ). The P2P nature of open commons and collaborative con- 

umption becomes reinforcing as the former facilities access to 

nowledge through networked systems that empower and improve 

he latter – strengthening participation in the overall network. 

We have argued that the consumption and production changes 

een during the coronavirus pandemic have at least strength- 

ned the prefigurative politic of P2P. Whether this growth is sus- 

ained is still to be seen. However, the prefigurative movement of 

ourth wave DIY was boosted through increased consumption of 

2P products and further popularization of legitimate uses of 3D 

rinters to respond to unknown crises. For such decentralised 3D- 

rinting effort s to realise their full potential in the future, some 

egree of organsiational infrastructure for top-down coordination 

nd quality control is clearly still required. The theoretical contri- 

ution of framing a new fourth wave of DIY is significant for de- 

rowth and ecological economic scholarship, particularly in green 

ommunity development. De/low-growth scholars should attempt 

o bolster P2P and localized production strategies to establish a 

ore sustainable pattern of production that is also more resilient 

or future challenges. 

. Conclusion 

The COVID-19 pandemic simultaneously triggered a sudden, 

ubstantial increase in demand for items such as personal pro- 

ection equipment and hospital ventilators whilst also disrupting 

he means of mass-production and international transport in es- 
2174 
ablished supply chains. We have surveyed the observed changes 

n behaviour in different communities of both consumers and peer- 

o-peer producers in response to the disruption during this crisis. 

The data we present show a leap in public interest in home- 

aking and small-scale independent production during the first 

ave of national lockdowns from mid-March 2020. Clear shifts 

ere also seen in consumer behaviour, with a substantial and sus- 

ained relative increase in purchases made through C2C and P2P 

-commerce platforms like Etsy and Shopify rather than estab- 

ished online vendors such as Amazon or Walmart. In particular, 

he P2P producers on Etsy were able to dynamically respond to 

eet the surge in demand for face masks triggered by the pan- 

emic, and this drove a general increase in other homemade pro- 

uce too. Thus, during the pandemic the general public were not 

nly interested in finding out how to make things themselves, but 

hey were also preferentially seeking-out homemade or artisanal 

roducts rather than mass-produced items. The 3D-printer com- 

unity also responded rapidly to the severe disruptions to tradi- 

ional supply chains and mobilised its decentralised manufacturing 

apability: collaborating on open-source designs for PPE including 

ace shields and critical care equipment such as ventilator parts. 

lthough it is as yet unclear how much of these 3D-printed items 

ere clinically appropriate and so actually utilised, this exemplar 

as nonetheless been greatly significant in demonstrating to the 

eneral public and governments the great potential of 3D printing 

or creating community resilience and delivering a rapid response 

o crises. The formation of the broad US interagency collaboration 

or providing expert-review and validation of open-source designs 

ighlights the need of community coordination and guidance in or- 

er to maximise the efficacy of this distributed manufacturing ca- 

ability. 

Many of these behavioural patterns witnessed in both con- 

umers and P2P producers during the pandemic are the kinds of 

refigurative changes called for within degrowth economics. His- 

orically, economic disruptions of the nature seen during the coro- 

avirus global crisis allow novel technological innovation waves 
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s the ‘new economy’ is driven by investment into undevel- 

ped technologies that show potential. We have argued that 

hese pandemic-driven shifts towards more value-orientated and 

eer-to-peer based production and consumption represent a new 

fourth wave” of DIY. This fourth wave emerges out of the third 

ave of informational DIY that takes advantage of technological 

nfrastructures to diversify and make DIY more efficient. The pro- 

osed new fourth wave continues to take advantage of advanced 

echnological services and capabilities while focusing on the ex- 

ended social and ecological benefits. Fourth wave DIY is more 

cologically sound with shorter production chains, encompassing 

eeds-based innovation, enhanced self-esteem, and limited pro- 

uction – production based on sales, rather than market expec- 

ations. The fourth wave is socially characterized by enhanced re- 

ilience through polycentric governance, distributed diversity, and 

mproved social wellbeing of embedded livelihood. This kind of 

roduction is a piece of the larger degrowth transition puzzle. Thus 

ar, no clear and coherent theory of degrowth production exists –

hat we present here represents a socio-ecological theory of pro- 

uction for transition into degrowth economies. This fourth wave 

resents a new means of production that values goods based on 

ocial value rather than cost efficiency. 

The COVID-19 crisis was enough to, at least temporarily and 

erhaps permanently, shift some consumption behaviour to P2P 

nd locally produced items. We can expect some of these ob- 

erved shifts to last beyond the pandemic suggesting that while 

he COVID-19 pandemic itself has not pushed society across a 

hreshold into a degrowth society, it has added capacity, experi- 

nce, and public popularity to some elements of such a shift. The 

bservable trends we explored suggest that the P2P networks asso- 

iated with DIY, home manufacturing and 3D printing helped com- 

unities rapidly respond during a period of great uncertainty and 

rovided alternative and value driven alternatives for consumers. 

While a prefigurative politic of degrowth is difficult to empir- 

cally measure, these observations suggest that a form of produc- 

ion aligned with the ethics of degrowth received increased atten- 

ion that contributes towards and grows a long-term prefigurative 

olitic of a more social and ecologically driven mode of production. 

hus, resources and practices that would help bolster P2P produc- 

ion and support a transition to greater sustainability would in- 

lude: investment in shared makerspaces, tool libraries, 3D print- 

rs at libraries or other community spaces, repair cafes and legisla- 

ion for ‘right to repair’, community currencies (such as the Brixton 

ound) to encourage purchase of local goods, grants or funds to 

lleviate the precarious nature of artisan work, and decentralized 

enewable energy to power local production. 

This study has provided a first analysis of the effects of the 

020 coronavirus pandemic on consumer behaviour and the re- 

ponse of the P2P manufacturing and 3D printing communities, 

ithin the context of potentially prefiguring a longer-term shift to- 

ards more sustainable pathways of production and consumption. 

t would be most valuable to analyse the situation again from the 

erspective of a few years after the pandemic to assess how sus- 

ained these trends have been, in particular within the proposed 

ourth wave of DIY, and thus greatly improve our understanding of 

oth producer and consumer behaviour during disruption to tra- 

itional production and distribution systems or economic contrac- 

ion. 
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