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The Affluence-Technology Connection
in the Struggle for Sustainability

JOHN MULROW, ALEX JENSEN, AND DANIEL HOREN-GREENFORD

Engaging Environmental Violence

Technology will play a role in addressing environmental violence. Some common
technological aims include: more equitable access to cleaner and safer indus-
trial techniques; wider deployment of pollution safeguards; and the transition of
energy infrastructure away from fossil fuels and toward batteries and renewables.
Of course, alternative technologies do not address many of the structural and
cultural factors involved in generating environmental violence. Shifting from one
mechanism to another, or one material to another, entails a shift in economic
context, but guarantees nothing about whether this new context will be more equi-
table, or even ecologically responsible. We propose that, in order for technology
deployment to be truly appropriate to the task of reducing environmental violence,
economic affluence must be an equally primary factor of concern. In this article,
we introduce the “affluence—technology connection” and provide several differ-
ent contexts and perspectives to support the concept. These include appropriate
technology efforts in Ladakh, India, the carbon footprint of alternative transpor-
tation technologies, and the true impact of service sector versus industrial sector
activities. These lead us to a fairly simple conclusion: Achieving a lower-violence
future means seeking appropriate affluence alongside appropriate and sustainable
technologies.

7.1 Introduction

The economy is a subsystem of the environment, that is, the physical Earth and
its daily dose of sunlight. By turning resources from this macro-system into
products and services, humans meet their needs and create new ones. We use
“technology” to drive this process and also to deal with the consequences. Waste
and pollution are captured and stored away from human exposure; resource use
becomes more efficient, allowing greater swaths of people to afford technological
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benefits; and automation removes humans from physical harm and drudgery,
improving the quality of life. However, technological advancement also tends
to come with greater power over the Earth: larger and more powerful machines
capturing more materials and expanding humanity’s reach further into ecologi-
cal territory. We may use technology to protect local environments, but we also
use it to provide greater levels of affluence. As we ratchet up material comforts
and services for ourselves, we draw on the foral environment — the one global
ecology shared by all life.

In this article, we confront technology’s mixed contributions to this conundrum,
asking whether and how technology may be guided toward true sustainability. First,
we discuss the famous IPAT (Impact Population Affluence Technology) equation,
relating environmental impact to population, affluence, and technology parameters
(Section 7.2). This establishes the foundation for exploring the affluence—technol-
ogy connection, a crucial intersection on the uncertain path to ecological sustain-
ability. Many fields of thought, analytical approaches, and ancient wisdom can be
found at this intersection and we touch on several.

We go to Ladakh, a region of the Himalayas, to explore a tradition of appro-
priate technology that differs from the typical developmental idea of the concept
(Section 7.3). There, a fusion of traditional and modern technologies demonstrates
a promising type of appropriateness that incorporates certain global technologies
into a slower, more land-based way of life. Ladakh sets an example, but it is one
not easily emulated in the Global North, where high speed and constant material
turnover are the norm. What would it look like to cultivate affluence-limiting tech-
nology in this context?

To get at this question, we then explore the limits and opportunities of technol-
ogy, focusing on the transportation (Section 7.4) and service sectors (Section 7.5).
Finally, in Section 7.6, we call for technological “progress” to be pursued with
slower speeds, greater deliberation, and lower consumption as target metrics. On
such a path, we can enjoy technological breakthroughs and a thriving environment,
within the bounds of appropriate affluence.

7.2 The Affluence-Technology Connection

In the spring of 1903, Wilbur and Orville Wright, two brothers who ran a
bicycle production and repair shop in Ohio, mounted a four-cylinder engine
onto the massive glider they had been testing on windy Atlantic Ocean beaches
[1]. They used the gliding experience to develop a wing-warping mechanism
for managing the natural lift provided by winds. Now they would provide
on-board lift capability with a pair of propellers powered by an engine. The
engine was designed and built with tools available at their bicycle shop and was
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Figure 7.1 Wright Flyer Photographs (L) Custom-built 8-horsepower

engine [3]; (R) Famous first flight [4]

made significantly lighter than normal with the purchase of an engine block
made entirely of aluminum. This metal had only recently become affordable
thanks to the spread of electricity generation, electrolysis being the key step in
the new aluminum-smelting process [2]. In December 1903 the brothers would
record their famous first flight over the sands of Kitty Hawk, North Carolina
(Figure 7.1).

This brief history describes two bicycle mechanics and their innovative leap
into a new, higher-speed realm of transportation. It is a classic tale of ingenuity
and discovery that changes the course of human events. Or perhaps that moment of
innovation was more inevitable than monumental. Several technological advances
converged at that time so that powered human flight was finally materially and
energetically possible; it was being experimented with in several places across the
world at that time [5]. Today, almost 120 years later, powered airplanes dot the
sky above every major city in the world and flying is a normal and expected part
of both personal and professional lives. International travel has, in turn, globalized
our lives, but it has grown up alongside the globalization of pollution as well. We
now live in an age where the byproducts of human activity are encroaching on
global ecological functions, such as climate regulation, temperature, and the oce-
anic chemical balance [6].

The Wright brothers’ story is a reminder that past approaches to technological
progress — while scientifically sound and physically impressive — may no longer
fit with the socio-ecological realities of today. Mainstream characterizations of
“sustainable technology” still largely praise the kind of convergent efficiency
improvements from which the Wrights benefited in 1903: more efficient methods
of material extraction and manipulation; more rapid experimentation and informa-
tion sharing; and the exploitation of new energetic capabilities. While this combi-
nation of factors could combine to lessen our demands on the Earth, their effect on
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affluence — delivering faster and higher quantities of goods and services — tends to
outdo the potential gains.! This affluence—technology connection lies at the root of
our global environmental conundrum.

7.2.1 Framing Technology’s Role in Sustainability

A common framework for consideration of the human-Earth system is the IPAT
decomposition in which:

Impact = Population x Affluence x Technology

or

Impact = (# of pe ople) y {aCthltyj o (1mpact]

person activity

The IPAT identity evolved from a debate among environmental thinkers in the
1970s and 80s centered on the question of what driver was most responsible for
global ecological degradation [10, 11]. The debate largely focused on population
questions versus “faulty technology” whereas affluence was considered as an indi-
cator of societal progress or development [12]. Indeed, many presentations of the
IPAT equation use GDP per capita as the Affluence metric, GDP being the World
Bank’s primary metric for economic health [13].

The structure of the IPAT equation is such that, in order to reduce impact from
one period to the next, at least one of the factors must be on the decline. Slowing
the growth of some or all factors can help mitigate impacts, but growth of one or
more factors must be reversed to actually decrease impacts. It stands to reason
that Technology, structured as impact per activity (often Impact/GDP or Impact/
Energy), has been the prime candidate for reversal [7]. Behavioral and cultural
aspects of society can be largely ignored and the task assigned to engineers whose
job it has always been to reduce resource use — and by extension “impact” — per
unit of useful work [5, 14].

But the difficulty technology has, and will continue to have, in combating
both population and affluence/activity rise is demonstrated in Figure 7.2. Here,
data from the International Energy Agency (IEA) and World Bank are used to
chart world energy use (in Terajoules, TJ) during the period 1990-2014 [15, 16].
The components of world energy use mirror those of the IPAT equation. Final
energy is the product of Population, Affluence (Gross World Product (USD)

! At some point, increasing material affluence (as quantity of goods or speed of services) fails to deliver
increasing well-being [7], a point made by many advocates of degrowth [8, 9]. Thus, “affluence” is not
necessarily a marker of happiness, welfare, well-being, or prosperity.
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Figure 7.2 World Energy Use, 1990-2014, composed of Population,
Affluence, and Technology parameters

per capita), and Technology (energy required per unit GWP). Energy use and per
capita wealth have risen in a synchronized manner, with the only major dip in
energy use occurring in conjunction with economic downturn in 2009 [17, 18].
Technology, framed here as the energy intensity of the economy (kJ/GWP), has
indeed improved in efficiency, but has been unable to keep pace with economic
and population growth.

7.2.2 Positive Feedbacks and the Rebound Effect

Observing technology, as defined in the classic IPAT equation, and focusing
solely on impact per unit of activity, the achievements of sustainable technology
and engineering are impressive. Some achievements that have particularly bene-
fited technological interventions in developing country settings are described in
Table 7.1.

With the analytical borders drawn solely around a single technological
parameter — as in Table 7.1 — it is possible to ignore important ways that tech-
nological progress feeds back (positively or negatively) to population and afflu-
ence. This can lead to what are called “rebound effects,” in which the savings
from reduced pollution, resource inputs, or production effort are invested in the
growth of production activities [26]. This is sometimes referred to as a “para-
dox,” but is, in fact, a natural consequence of most energy engineering efforts in
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Table 7.1 Modern technology and associated efficiency metrics
Technology Metric Efficiency improvement Source
Light-emitting Lumens per watt A typical household lamp [19]
diode (LED) (Im/W) light draws 9W with LED
lighting technology, compared to
60W for its equivalent-light
incandescent predecessor
Photovoltaic Solar energy input per | Module efficiencies [20]
electricity electricity output (%) reached 40% in 2019,
generation compared to a maximum of
20% in 1990
Insect-resistant Yield (Harvested mass | From 1996 to 2015, IR [21]
(IR) crops per area planted) traits are credited with
global yield increases of
13% for maize and 15% for
cotton
Precision irrigation | Water uptake per water | Drip irrigation systems [22]
applied (%) equipped with soil moisture
sensors improve efficiency
by 3-19%
Additive Energy per product Small-scale 3D printers can | [23]
manufacturing reduce energy inputs by
41-64%
Information Transistors per Computing capability [24]
processing integrated circuit per circuit has improved
(# per die) exponentially, from 100 in
1970 to 10" in 2017
Batteries Energy density Improved from 150 to 300 [25]
(kWh per kg) kWh/kg between 2010 and
2020

the modern age [27, 28]. For example, improving the efficiency of cars reduces
the gasoline and greenhouse gas (GHG) emissions consumed and emitted per
distance driven, but overall, there is an absolute increase in gasoline consumed
and GHG emissions from driving due to this rebound effect. Rebound is not
only a characteristic of consumer choices, it manifests just as fundamentally in
the engine of capital itself, where money saved through improvements in mate-
rial efficiencies are reinvested into production, which ultimately grows produc-
tion and its attendant impacts more in absolute terms, even when relative gains
to efficiency are achieved [29].

Innovators and researchers claiming environmental benefits from technologi-
cal or infrastructural change are increasingly being called to address the potential
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for rebound effects in their evaluations [30, 31]. Zink and Geyer [32] recently
criticized the popular “circular economy” movement for largely ignoring
rebound effects as a potential outcome of manufacturing efficiency efforts. They
point out, for example, that the current market for refurbished cell phones, rather
than contributing to reduced new production, has grown up alongside increased
cell phone production. Their study claims that “the smartphone circular econ-
omy (how it is currently practiced) necessarily leads to rebound.” They conclude
that “rebound could be a serious obstacle to creating meaningful environmental
improvement.”

By focusing our eyes on the efficiencies of new gadgetry, eco-technological
concepts, like renewable energy and the circular economy, may distract us from
confronting norms of consumption that underlie and facilitate the persistence
of environmental violence on a global scale [33]. If we are lulled into accept-
ing ever-expanding purchases of technology-forward goods and services, we will
never pull back the green curtain hiding the realities of our one, global, and inter-
connected economy [34]. Keeping the affluence—technology in our vision is, thus,
critical for developing appropriate and effective approaches to sustainability.

7.2.3 The Affluence-Technology Connection

The affluence—technology connection is complex. No single methodology can
capture the bi-directional mechanisms by which current affluence and the evolv-
ing demands of society influence technological design, and technological design
influences consumption activity and evolving demands and desires. Sociological
research in sustainability has been especially clear about the fact that environ-
mental outcomes are not unidirectional. They cannot be viewed as simply the out-
come of aggregated individual decisions (bottom-up), nor the collective response
to economic and technical structures (top-down). According to Shove et al. [35],
environmental outcomes at the global or societal scale can be seen as the result
of “practices,” hybrid structures that evolve from the interplay of individual
decision-makers, social norms, and available technology.

Shove and colleagues also point to the need for lower-consumption practices to
develop, in order to achieve truly sustainable ways of living. Through a review of
energy efficiency rebound in building technologies, Shove [36] concludes that per-
haps the most robust definition of sustainable technologies would be those that “do
not meet present needs, and do not deliver equivalent levels of service, but that do
enable and sustain much lower-carbon ways of life.” Once planners and engineers
treat this as a viable option, she argues, an entirely new scope of design for true
sustainability will open up. One way to characterize this scope is what growth critic
Tim Jackson has called “prosperity without growth” [37]. Meanwhile, low-carbon

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.135, on 13 Jul 2025 at 08:39:15, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009417150.010


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009417150.010
https://www.cambridge.org/core

The Affluence—Technology Connection 163

and prosperous lifestyles are already being enjoyed in many parts of the world,
cultivated through social and technological traditions oriented away from growth
and toward prosperity [38, 39].

7.3 Appropriate Technology

The industrial-capitalist-technological system is characterized by perpetual
growth through excessive production, relentless marketing and public relations to
expand markets and demand through consumerism [40, 41]. In the process, novel
“needs” are manufactured and the boundaries and norms of comfort and conveni-
ence are continually reshaped [42, 43]. In this system, relatively few technologies
are socially necessary, and their manufacture and multiplication are exacerbating
ecological destruction and global social injustice. Because it is organized around
the maximization of profit, this system foments an ever-accelerating throughput
of matter-energy and output of waste [44]. Technological planned obsolescence
begets material objects of short functional lifespan, but nearly permanent environ-
mental harm, being made of industrial processes and novel chemicals that do not
return safely to the environment (e.g., plastics, stain-proof coatings, heavy met-
als). Perceived obsolescence, driven by the same forces that manufacture demand
for novel products, is equally responsible for overconsumption and its attendant
environmental harms. While it is true that smart phones, for example, have offered
unprecedented levels of interconnectivity and access to information, and many
would now consider them indispensable, the only reason to sell more phones than
there are users is profit. The “style cycle,” where companies change product design
(often in a cyclical manner), continues to lend the appearance of novelty to its
products so that consumers feel pressured to keep up to date with the latest tech-
nology. The cycle is further propelled by the resource and positional inequities;
turnover is maintained through a constant struggle for “more” among consumers
seeking to better their perceived position in society [45, 46].

From an equity and sustainability perspective, the reigning technological sys-
tem is fundamentally inappropriate. Despite wearing the mantle of high-positivist
and rationalist science, it bears all the characteristics of a giant Rube Goldberg
machine, where solutions, no matter how brilliant in isolation, are applied to either
ridiculous ends or a ridiculous complication of means. Each stage of the unnec-
essary or absurd contraption itself produces a new series of problems requiring
further (profitable) technical mitigation, treatment, and externalization in turn. A
modern life cycle assessment can be almost endlessly applied to most modern
complicated technologies (i.e., those that are mechanized and motorized, pow-
ered by fossil fuels or electricity) and the globalized, capitalist economic system
in which they circulate. Technologies under this system, being commodities, are
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created and organized for the purpose of generating surplus exchange value for
profits, rather than use or subsistence value for needs. As Otto Ullrich points out,
the vastness of this lifecycle entails an insidious seductiveness, since it disperses,
mystifies, and socializes its real costs in time and space, causing a “non-intersection
between advantages that are privately consumable and disadvantages that have to
be borne collectively” [47]. Those disadvantages of high technology within capi-
talist globalization today include exploitation, “slow violence” [48], and pollution
on a planetary scale, costs which are socially paid, but nevertheless, hidden from
the end consumer. As K. William Kapp famously remarked, “Capitalism must be
regarded as an economy of unpaid costs” [49].

Fledgling efforts at true cost accounting to incorporate externalities into prices
have floundered against the regime of capitalist globalization of the past few dec-
ades, where systematic worldwide cost-shifting is the sine qua non of multinational
corporations’ profitability and growth. Only by way of this accounting sleight of
hand can complicated high-tech devices appear “efficient” against simple manual
tools. This is to the benefit of both producer and consumer, who externalize costs
of environmental impacts to often-distant ecosystems and peoples they rarely have
to see or think about. The consumer is, by design, naive, which is to the advantage
of the producer, who better understands the impact of their business, but manufac-
tures and protects the blissful ignorance of the consumer to promote a narrative of
ethical and sustainable consumption.

Companies could be forced to internalize these costs through regulatory means,
or production could be decommodified and optimized to reduce impacts throughout
the supply chain. Yet, there remain challenges, disagreements and biases around
how or whether to assign monetary value to externalized costs, and economic deci-
sions are usually better made by considering the material impacts of production
and consumption, as well as first asking what the appropriate goods and services
are to live well within the means of the planet, rather than through a circuitous
monetized proxy and fraught attempts at cost internalization [50].

7.3.1 Principles of Appropriate Technology

Contrarily, “traditional” (defined here as land-based, peasant) cultures have been
marked by “subsistence technologies” that embody a radically opposite set of
values and design principles that together constitute a template for the “original
appropriate technology” (AT), which finds many parallels — with modifications —
in the contemporary AT movement.

These principles include, inter alia: use value over exchange value; social
necessity; place-based, hand-made and low- or no-energy; non-polluting; dura-
ble, but also, ultimately safely biodegradable; democratic and decentralized; and
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Table 7.2 Ten principles of AT

1 Socially necessary; not frivolous or from marketing manipulation (artificial need);
no technology where none needed

2 | Place-based, locally sourced natural materials & local knowledge

3 | Hand-made

4 | Non-polluting (either locally/directly or distantly/indirectly), non-toxic, safe

5 Durable functional use; easily locglly repairable and recyclable; constituent
materials safely and completely biodegradable

6 | Simplest, least complicated design for functional use

7 | Operating at slow speeds (or no speed)

3 Low-energy and direct use of passive (wind, water, sun) or simple active energy
(biomass, muscle power)

9 Democratic — decentralized; built, used, maintained, repaired locally; common
knowledge vs. proprietary; promotes social equality, discourages hierarchy

10 Non-alienating (from our own labor, ourselves, each other, and nature),
non-livelihood-destroying

non-alienating (Table 7.2). Perhaps most importantly, consonant with the insights
of social critics ranging from William Morris to Gandhi to Ivan Illich, is the
avoidance of technical interventions and superfluous innovations where none are
needed, or where their utility may be overwhelmed by their harms: the sufficiency
principle and the precautionary principle, respectively. These suggest a broader
“a-novation” principle — the application of intelligence and creativity to not-doing,
to non-production. As William Morris insisted, “nothing should be made by man’s
labour that is not worth making, or which must be made by labour degrading to the
makers” [51]. Related to this, in traditional cultures, social relations of cooperation,
reciprocal labor and care often substitute for individualized and privatized techni-
cal means. In Ladakh, India, for example, villagers traditionally pool their labor to
harvest and process everyone’s crops in a staggered fashion, engage in communal
shepherding of livestock on a rotational basis, and distribute gravity-fed irrigation
water equitably using simple spades and soil under ingenious networks of hand-
dug canals and turn-taking. These forms of cooperative labor largely obviate the
need for technologies in the first instance or facilitate the practicality of local AT.

7.3.2 Two Types of Appropriate Technology

Traditional/original AT, based on communal social arrangements, hand-crafted
from local, natural materials that cultures have used for centuries mostly for sub-
sistence purposes, not only points toward environmental sustainability, but, by
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minimizing or eliminating dispersed costs, is also structurally non-violent. One
can think, for example, of the traditional water mill still in common use in vil-
lages throughout many mountainous agrarian regions: constructed of local, nat-
ural materials based on ancestral knowledge; communally owned, utilized, and
repaired; running on non-polluting gravity-fed water; pollution and waste free;
operating at relatively slow speeds and low temperatures; and so on. No down-
stream community is harmed or poisoned by the construction or operation of
these water mills.

What we call modern AT (aka Intermediate Technology) comprises tools and
machines that may use materials from the industrial economy (thus, occasioning
some indirect pollution), but otherwise shares many characteristics with traditional
AT, especially economic independence, political democracy, and social cohesion.

Suffice it to say that many modern ATs have been eagerly adopted by tra-
ditional cultures, because such technologies graft well onto and enhance the
subsistence economy, while responding to novel challenges of modernity, and
maintaining critical qualities like autonomy and cooperation, even if some of
them necessitate entanglement with the cash economy. For example, in Ladakh,
such modern ATs as solar cookers and water heaters, rocket stoves, ram pumps,
trombe walls, and other passive solar building techniques are widespread. This
belies misperceptions of traditional cultures as static and closed; indeed, tra-
ditional ATs themselves are the result of centuries of careful refinement and
innovation [52]. Still, the chief disadvantage of both traditional AT and modern
AT vis-a-vis modern high technology is precisely in their non-mystifying nature:
less privatized convenience borne of cost-shifting. This lack of “convenience,”
conventionally conceived, and the physical muscle input required in its use, have
been the very features of traditional technology long denigrated as backward,
and a pretext for colonial intervention and domination [53, 54]. This domination
continues, as both traditional and modern ATs are being quickly displaced by
industrial products and materials, and traditional cultures are eroded by incor-
poration into the extractive global economy. This is of particular concern at a
time when living examples of AT and sustainable modes of social organization
are so desperately needed to navigate the downscaling of industrial society. A
major challenge is saving and reviving them before they disappear, for, as Illich
once remarked, the great advantage of a place like rural Guatemala or India is
“still being muscle-powered enough to stop short of an energy stroke” of the sort
suffered by the over-developed societies [55].

The modern AT movement, intermeshed with the degrowth movement, is pur-
suing exactly this sort of “reverse development,” a sort of re-peasantization and
deliberate inconveniencing, motivated both by ethical objections to the structural
violence of high technology, and by practical ones of independence and autonomy
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especially from centralized energy grids and fossil fuel oligarchies. Some out-
standing examples include: L’Atelier Paysan, a French cooperative that works
with farmers to design machines and buildings appropriate to the unique needs of
small-scale agroecology, in the pursuit of “technological sovereignty” [56]; Maya
Pedal in Guatemala, a social enterprise building pedal-powered non-electric bicy-
cle machines for numerous practical household and small farm applications; and
Can Decreix, a center for putting degrowth principles into practice, based on low-
or no-tech living in France, among many others.

Beyond tools, movements working to rebuild community and decommodify life
through projects of sharing and repairing are also pointing the way toward a “social
AT”: repair cafes, remakeries, tool-lending libraries, and reskilling hubs [57].
Movements politically resisting corporate practices of “planned obsolescence” and
the criminalization of repair are also important elements of the broader AT shift
[58], as are those focused, not on ever more innovation, but rather, “exnovation”
to dismantle harmful technologies and technological systems that are incompatible
with eco-socially just futures [59].

7.3.3 Following Original Appropriate Technology

There is no AT in traditional cultures independent of traditional community-based
social arrangements: reciprocal or differential labor sharing and care, mutual aid,
and the like. The two are mutually constitutive. Just as sustainability cannot be
achieved merely by adding renewable electricity technologies to an otherwise
unchanged consumerist-industrial growth economy, neither can AT in isolation
make significant impact situated within an otherwise congenitally unsustainable
system. Part of the essence of AT emerges from, in, and for community life.
Unsustainable substitutions are often ushered in in the wake of community dis-
integration, and cause further such disintegration in turn, because, by nature,
they obviate the community element and privatize the use and shift allegiance/
dependence to global industrial supply chains. AT is, therefore, not just a matter
of tools and artifacts, but requires supportive social and political-economic con-
ditions. For AT to thrive will require transcendence of capitalism-industrialism
and the structural drivers such as massive subsidies and the global advertising
industry that expand its power, and a return toward smaller-scale, more local-
ized, non-violent sufficiency economies. AT, in turn, will be necessary to enable
such economies.

As the dominant techno-industrial system drives the planet over the precipice of
ecological catastrophe, and deepens social maladies of alienation (from our own
labor, ourselves, other people, and nature) and injustice, the need to downscale,
decentralize, and de-grow the economy becomes ever more apparent and urgent.
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The “original AT” of traditional cultures and its contemporary applications and
modifications offer important contributions to this pressing task of subordinating
the economy and its technologies to social and ecological survival.

7.4 Affluence-Limiting Technology in the Global North:
The Case of Transportation and Speed

Transportation is a sector that has continually expanded its geographic, cultural,
and technological reach and where differences among economies are stark. Per
capita transportation distances are clearly tied to the size of the overall economy,
rising in correlation with per capita GDP [60]. In the United States, this rise has
continued somewhat linearly through the turn of the century, while in emerging
economies such as India, it has grown exponentially [60, 61]. Here too, feedback
from technology to affluence cannot be ignored. The evolution of fuel economy in
US motor vehicles, charted in Figure 7.3, displays a coordination between techno-
logical efficiency, fuel use, and distance traveled, which mirrors the trend shown
earlier for energy use.

Transportation, after all, is demand for an energy service. Humans don’t
demand energy directly — they demand the capabilities that available energy can
provide to them. In transportation, this capability is the movement of mass (peo-
ple and their things) over a distance, in a constrained period of time. In the context
of the IPAT equation then, we can frame several technological parameters related
to transportation.
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Figure 7.3 US Vehicle Travel, Fuel Use, and Fuel Economy, 1960-2015
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As we consider what it will take to achieve carbon emissions reduction goals,
we must consider, not only the impact-per-unit requirement (i.e., carbon intensity)
of transportation, but also potential changes in the quality of modes of transpor-
tation used. Speed is a key factor that changes the nature of the technology used.
Looking at transportation survey data from the United States for the period 1990
to 2017, it can be seen that the average speed of transportation is very consistent
when daily travel activity is grouped by mode (Bus, Train, Car, etc., Figure 7.4).
This means that “speeding up” or “slowing down” transportation as a whole is not
a matter of regulating travel speeds within a given mode, rather, it is a matter of
mode-switching. In turn, each mode has a different carbon intensity owing to its
material and mechanical differences.

Taking these standards into account then, what range of transportation affluence
(demand) and technologies (vehicle types and speeds) would be capable of meet-
ing ambitious targets for reducing carbon emissions in the US transportation sec-
tor? Consider the affluence—technology “solution space” for achieving emissions
reductions that fulfill the US commitment embodied in the Paris Climate Accord,
that is, to lower emissions to 70% of 2017 levels. This area is conceptualized in
Figure 7.5: on the x-axis is average travel speed for the entire population, calcu-
lated based on mode share and the mode-speeds described above, and on the y-axis
is average travel activity per person per year (in kilometers). Thus, each point on
the graph represents an average affluence—technology (as distance-speed) scenario
for the US transportation sector.

Furthermore, at each coordinate, we can calculate the total sector emissions in
2030, across the population and including all modes of transportation. Applying
different assumptions about technology development and travel habits yields
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different “solution spaces.” The space depicted uses the following reasonable
assumptions for sustainably and equitably achieving our Paris commitment:

Ambitious decarbonization via efficiency: the carbon intensities (gCO,/km) of car, airplane,
and transit fleets decrease to 70% of 2017 levels (the average efficiency improvement rate
over the past two decades)

Increasing adoption of walk, bike, and transit modes: public transit use increases by 40%
(as transportation becomes more urban and shared) and walking/biking activity increases
by 50% (a key goal for sustainability advocates)

These results communicate just how little space is available to increase
transportation activity and speed, while still meeting ambitious environmen-
tal goals. Transportation levels for previous survey years are given, showing
that, even if Americans were to travel at distances and speeds similar to those
recorded in 1990, the transportation sector would barely achieve Paris Accord
goals. Furthermore, even though some goal-achieving scenarios exist at higher
speeds (to the right of the heatmap), they still require a reduction in per capita
travel distance.

It may sound simplistic to claim that lowering environmental impact requires
a slowing of technology and a lowering of economic activity, but here we have
found, through deliberate quantitative analysis, that this is most likely to be
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the case.” And because transportation lies at the heart of so many aspects of our
modern economy, it is not a stretch to claim this as a general lesson. It is a tough
lesson, especially because we are so accustomed to techno-optimism — hoping
for technology alone to bring about change, without disturbing our climb to ever-
greater levels of affluence.’

7.5 Sector-Based Solutions Do Not Obviate
the Need for Appropriate Affluence

Next, we communicate the findings of a recent study by Horen-Greenford and
colleagues entitled, “Shifting economic activity to services has limited potential to
reduce global environmental impacts due to the household consumption of labor”
[65]. This study has both policy implications and important lessons for the concepts
of appropriate technology, levels of affluence and consumption, and appropriate
notions of development. In our study, we demonstrate from a fresh perspective that
the consumption levels of affluent people will likely need to decrease, even when
employing more people in services. Our findings further discredit the promise of
environmental “decoupling” and “green growth” — colloquially understood as the
ability to grow the economy without environmental damage.

Traditionally, environmental decoupling® refers to the practice of disconnect-
ing environmental impacts (i.e., resource use or pollution) from economic activ-
ity. For example, one may say that energy production is decoupling from GHG
emissions as coal power is taken offline and replaced with renewable energy.
To be more precise, if global GHG emissions rise more slowly than gross world
product, but still continue to rise, “relative decoupling” is occurring (i.e., there
has been a partial disconnection of impacts from activity). If GHG emissions
plateau or decrease as gross world product increases, “absolute decoupling”
is occurring (i.e., there has been a complete disconnection of impacts from
activity). Absolute decoupling is needed for green growth, since exponential
increases in economic activity will still cause exponentially increasing impacts
[66]. Mounting evidence suggests that technological innovation cannot be relied
on to ensure the environmental sustainability of continued economic growth
since environmental impacts are part and parcel of economic activity and there
is little evidence for believing rates of decoupling can increase enough to allow

Others have found this to be true more generally, after careful appraisal of possible scenarios. Keyser and
Lenzen [63] show that only degrowth scenarios can meet climate targets with feasible levels of technological
innovation. Otherwise, unrealistic levels of decoupling would be needed.

Anderson [64] writes specifically on the influence of techno-optimism on high-level global climate planning
and negotiations.

Or “economy—environment decoupling,” to be more precise.

w
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for envisioned economic growth [67, 68]. Realizing this, a growing number of
scientists and economists are highlighting the need to rein in the consumption of
the global affluent [69].

Our study adds to these insights by formalizing an alternative definition of
decoupling that has become prominent in sustainable development discourse.
Instead of pursuing environmental decoupling through technological improve-
ments, like efficiency gains or energy transitioning, many believe that structural
changes to the economy (i.e., how the economy is composed) could yield lower
impacts, while still allowing us to grow the economy. An economy that is heav-
ily implicated in extraction is called a primary economy. The typical depiction
of economic development begins with basic subsistence like agriculture, and on
extracting raw materials for export, then an economy uses its increasing wealth to
build up industry, thereby transitioning to a secondary economy, which is more
reliant on heavy industry like manufacturing industrial (e.g., steel, textiles, semi-
conductors) and consumer goods (e.g., automobiles, clothing, electronic devices).
Excluding their imperial and colonial legacies, this describes how rich countries
envision industrialization.® Finally comes the promise of a clean environment
with a powerful economy, made possible by a final transition to value-dense ser-
vices that are ostensibly largely immaterial. This is the last stop on the path of
western economic development, referred to as “tertiarization,” or a shift to a more
services-oriented economy.

This narrative is so familiar that it’s taken for granted by many in economics and
international development, as well as the private and public spheres. The promise
of a high-tech clean future is featured prominently in the future envisioned by
Silicon Valley entrepreneurs and captains of the green corporate world. Advocates
of environmental and social justice within civil society see well-paying jobs in
public services and green infrastructure as an integral part of a transition to a more
equitable and ecological society.® Everyday people in the Global North have heard

5 Some countries that have gained wealth through so-called (conventional) development, like Canada and
Australia, never really graduated from primary economics of resource extraction and rip-and-ship, and still
export an abundance of raw materials without adding value to them. It’s not uncommon for these countries
to be former colonies of European empires, which retain their economic models despite their newfound
independence. These habits die hard, and the political influence of these incumbent industries makes
economic development very difficult. In many ways, the governments of Canada and Australia serve the
interests of extractive industry much more than any other interest group. While wealthy extracting nations do
provide many public services and a high standard of living for many of their citizens, their main efforts are
directed at facilitating the development of frontier extraction, with little fundamentally changing since these
countries were formed out of colonial outposts.

It is worth noting that the future envisioned by proponents of a Just Transition is far more tenable than that
proposed by Silicon Valley and green capital, with their emphasis on work and economic sectors vital to
transitioning away from fossil fuels toward more sustainable forms of energy, and other sectors central

to human well-being like healthcare and education. The two narratives differ here but hold in common a
reluctance to speak directly of limits to affluence and consumption. One may presume with confidence that
this is because such ideas are seen as politically untenable.

o
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these stories increasingly over recent decades, as more people are desperate for
solutions to our ecological and climate predicaments. The sustainable development
goals (SDG) presuppose green growth via a shift to a service economy, which is
central to the SDGs “decent work for all” (SDG 8) and achieving “responsible
consumption and production” (SDG 12).

This theory had been previously formalized as the Environmental Kuznets
Curve (EKC), which proposed that environmental impacts followed an inverted
U-shape, increasing with industrialization, but plateauing and decreasing after
a certain level of affluence was obtained [70]. The reasoning was analogous
to the trajectory of inequality versus wealth of a nation, as originally observed
by economist Simon Kuznets, that at first, a nation could not afford to be envi-
ronmentally conscious (or equitable, in the original theory), but after it reached
a certain level of wealth, people preferred a cleaner environment to marginal
increases in wealth. Unfortunately, this wasn’t the whole story. It was true that
wealthier people prefer to live in a cleaner environment, but their pollution did
not disappear — much of it moved (and continues to be exported) to poorer coun-
tries along with heavy industries. Capital found cheaper labor and laxer envi-
ronmental protection in the Global South, while developed countries enjoyed
higher wages in service-rich economies, and the cleaner environment that came
with a post-industrial society. When we look at trade flows, and account for the
resources and pollution linked to consumption, most impacts have continued to
increase proportionally to consumption. The empirical basis for the EKC hypoth-
esis has now been largely disproven [68], but the idea lives on, inhabiting a host
of ideas in economic development literature and policy, and in the public mind.

To answer the question of whether services are cleaner than ostensibly dirtier
sectors, like food production or heavy industry, we knew that it would be nec-
essary to consider the impacts of household consumption by those employed in
these industries. It seemed suspicious that we could have a clean and lucrative
economy by simply employing more people in well-paying jobs, be they public
(e.g., healthcare, public administration, education) or private (e.g., software,
insurance, consulting), since people employed in these services are well off
and have very consumptive lifestyles, relative to most people on the planet.
Naturally, we expected that if you considered what people ultimately spend
their income on, and if you were to grow the economy by increasing the relative
share of high-wage jobs in the services sector, you would also increase con-
sumption and its attendant impacts.’

7 All else being equal, of course: For the purpose of our thought experiment, we necessarily assume that
there are no substantial changes to technology or people’s behavior in the short term. We also assume that
structural changes to the economy are relatively small and incremental. If you were to change a substantial
portion of the economy very quickly, then the impacts of sectors would also change, and would need to be
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Figure 7.6  Schematic of methodology: including (endogenizing) labor as part
of economic production. Blue inputs indicate examples of labor and household
consumption attributed to an industry

To show what would happen to environmental impacts because of increases
in personal consumption following a shift to services, we attributed the
impacts from household consumption of employed people to the industries
that employed them. This effectively endogenizes labor as part of production.
We then used input—output economics to estimate the total environmental
impacts related to industrial activity when considering all the inputs that go
into every industry. This approach is known as environmental “footprinting”
or “consumption-based accounting,” and traces production all the way down
the supply chain, without double counting inputs or impacts. See Figure 7.6
for a visual representation of our method. Figure 7.7 depicts our results where,
in absolute terms, the impacts of services doubled for GHG emissions, and tri-
pled for land use and water consumption, respectively, while GHG emissions
and land use for food production were each reduced by seven times, and water
consumption by a factor of 10. The profound shift observed was expected and
intuitive, but astonishing in its degree.

However, we still needed to answer the fundamental question: Are services
cleaner, per unit value created, than their “dirtier” counterparts? Only then
could we attempt to answer the larger question of whether a transition to a more
services-oriented economy actually holds the key to green growth.

modeled dynamically. Our model provides a static snapshot of the global economy as it is, and adequately
serves our purpose of answering the question: What would happen to environmental impacts if you made an
incremental change to any given sector of the global economy?

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.135, on 13 Jul 2025 at 08:39:15, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009417150.010


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009417150.010
https://www.cambridge.org/core

The Affluence—Technology Connection 175

401y 5 707% 5 1200—~S 5
o o o o o o
s__® S 8 7=k
Js5MTls sl s H B
8| At CEHRZE 10004E [ 113
3 H E Sectors
309 50 BN Trade
25 8007 [ Shelter
v L 40 . Services
g 20 § § 600 Mobility
© 30 EEE Manufactured products
154
400 [N Food
10 207 E= Construction
200 HEl Clothing
5] 10+
o 0-! 0-
S Q%
2 LG
® > 2>
< 3
! %
° %
>

Figure 7.7 Results: Global impacts by sector, before and after inclusion
of labor in supply chain

Figure 7.8 depicts our secondary results: The distributions of impacts per unit
value before and after household consumption of employed people is included in
industrial impacts. Notice how, in the conventional picture, that is, before including
household consumption, services seem to give a much better “bang for your buck,”
with much lower impacts per euro than food, which has much higher impacts per
euro made, being relatively less value dense. The story fundamentally changes after
adopting a more holistic perspective. Impacts of all economic sectors converge,
there being no statistical difference in impact between producing a euro of food
or a euro of services.> Now we can account for the cascading effects of employing
more people in services. We can also now begin to derive some conclusions about
whether the promise of tertiarization or, more specifically, a high-tech green future,
is plausible. This is where we necessarily must diverge from the data and model at
hand, to some more speculative, but hopefully, well-grounded, postulates.

Given the mounting evidence that green growth via technological innovation
is unlikely and caution or good judgment implores us to not rely on a fantastic
miracle to save us,’ it seems that sustainable growth is untenable by any strategy,

8 1t is important to note that there is one minor exception, where water consumption is still statistically higher
for Food than Shelter but, barring this, there are no statistically significant distinctions between these sectors.
However, this choice of industry classification is not the only one available, and other schemes yield different
results, and are still in line with our hypothesis. For a more comprehensive discussion of sensitivity to
industry classification and sectoral aggregation, see our paper and its supplementary information [65].

° Or, more strongly, that technological innovation will always be insufficient to offset growth because of
fundamental physical limits and mathematical rules.
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Figure 7.8 Results: Sectoral impact per unit value, before and after inclusion
of labor in supply chain

but there is not a lack of options. There are roads less recently traveled, but just as
open to us, if we choose to follow them — ones that lead to more appropriate levels
of affluence and consumption. Given the previous evidence and our recent study’s
findings, we’ve concluded that there is no way around constraining economic size,
and that if we are to achieve the heart of the SDGs, of better lives for more peo-
ple, especially those living in destitute poverty now, there will need to be a wide
scale redistribution of wealth and resources. Finding the appropriate lifestyles and
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technologies for different regions and people should be our challenge. Whatever
we (the global affluent) choose — living well with less, regardless of where we work
or how wealthy we are — must be part of an environmentally sustainable and just
world.

7.6 Degrowth Futures: Appropriate Affluence and Technology

Technological progress is not an autonomous process. It is constantly being reinter-
preted and revaluated by the societies that interact with technology. Writing about our
global environmental conundrum, researchers [71] assert that “visions of the future
are key elements in the process of technological development and acceptance.” In
other words, human aspirations can play a key role in directing the kind of technolo-
gies that are pursued and which ultimately prevail. Society is generally aware of the
global environmental effects of human activity and yet we are still running a techno-
logical advancement program very much like the one that prevailed over a century
ago. Reimagining technology in a lower-affluence framework, could be a key step in
pursuing true global sustainability. This concept of appropriate affluence forms the
overarching theme that ties degrowth and appropriate technology together.

The affluence—technology connection is the link that has, so far, prevented
AT efforts from breaking through the global trend of increasing pollution and
ecological destruction. In this section, we have simply detailed the mechanics
of the affluence—technology connection in order to prove that it must be con-
fronted within any robust sustainability framework. The degrowth framework
most directly confronts issues of affluence, making it AT’s natural partner
for an appropriate and sustainable future. While AT thrives in many parts of
the world, it is not yet driving appropriate degrowth where it matters most —
among the global affluent. In this article we have mentioned some promising
initiatives, such as re-peasantization, repair cafés, and tool-lending libraries.
Such efforts will grow as a necessary condition of socially just degrowth, but
they will not gain traction until structural and cultural space is made for them.
Degrowth’s focus on decolonizing the imaginary of what constitutes a “sus-
tainable future” is a key connection point with the environmental violence
framework [72].

Degrowth also adds a global and systemic perspective on technological pro-
gress that is essential for reimagining technological “progress.” After all, are the
Wright brothers to blame for the globe-spanning impacts of the airline industry
today? They started out as tinkerers of simple means in a Main Street bike shop
(Figure 7.9). Their genius created a functional airplane, and the global economy
took over from there. A degrowth + AT framework asks for regulations and
constraints on the size of the global economy, while embracing and emphasizing
human ingenuity at the community scale.
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Figure 7.9 Wright Brothers Bike Shop, circa 1900 [73]
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