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COMPUTING RESEARCHERS AND  practitioners are often 
seen as inventing the future. As such, we are implicitly 
also in the business of predicting the future. We plot 
trajectories for the future in the problems we select, 
the assumptions we make about technology and 
societal trends, and the ways we evaluate research.

However, a great deal of computing research focuses 
on one particular type of future, one very much like 
the present, only more so. This vision of the future 
assumes that current trajectories of ever-increasing 
production and consumption will continue. This focus 
is perhaps not surprising, since computing machinery 
as we know it has existed for only 80 years, in a period 
of remarkable industrial and technological expansion. 
But humanity is rapidly approaching, or has already 
exceeded, a variety of planet-scale limits related to the 
global climate system, fossil fuels, raw materials, and 
biocapacity.28,32,38

It is understandable that in computing we would not 
focus on limits. While planetary limits are obvious in 
areas such as extractive capacity in mining or fishing, 

or the amount of pollution an ecosys-
tem can bear, limits are less obvious in 
computing. Many believe the only limit 
worth considering is human ingenu-
ity, and that we can surpass any and all 
other limits if we, as a global communi-
ty, pool our creative resources. But we 
collectively face new global conditions 
that warrant our attention.

In this article we explore the relation-
ship between these potential futures 
and computing research. What hidden 
assumptions about the future are em-
bedded in most computing research? 
What possible or even probable futures 
are we ignoring? What work should we 
be doing to respond to fundamental 
planetary limits, and to the ecological 
and energy constraints that global soci-
ety faces over the coming years and de-
cades? Confronting such limits is likely 
to present challenges that we—human-
ity—have never before faced.

Given that computing underlies vir-
tually all the infrastructure of global so-
ciety—in commerce, communication, 
transportation, agriculture, manufac-
turing, education, science, healthcare, 
and governance—computing has an 
enormous role to play in responding to 
global limits and in shaping a society 
that meaningfully adapts to them. We 
contend that the root of much of com-
puting research has been driven pre-
dominantly by growth-oriented visions 
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 key insights
˽˽ Most computing work is premised on 

industrial civilization’s default worldview 
in which ongoing economic growth is 
both achievable and desirable.

˽˽ This growth-focused worldview, however, 
is at odds with findings from many other 
scientific fields, which see growth as 
deeply problematic for ecological and 
social reasons.

˽˽ We proposed that the computing field 
transition toward “computing within 
limits,” exploring ways that new forms 
of computing supported well-being while 
enabling human civilizations to live within 
global ecological and material limits.

˽˽ Computing underlies virtually all the 
infrastructure of global society, and will 
therefore be critical in shaping a society 
that meaningfully adapts to global limits.
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of society’s future.26,34,39 If we broaden 
our view to a more diverse set of pos-
sible futures, including non growth-re-
liant futures, the societal challenges of 
ecological and energy limits can shape 
concrete technical challenges in com-
puting research and practice.

In order to consider these futures, 
we have been building a community of 
scholars from computer science and 
engineering, information science, so-
cial science, ecology, agriculture, and 
earth sciences to explore what we call 
“computing within limits” or “LIMITS” 
for short. The LIMITS research com-
munity integrates three topics: current 
and near-future ecological, material, 
and energy limits; the ways new forms 
of computing may help support well-
being while living within these limits; 
and the impact these limits are likely to 
have on the field of computing. LIMITS 
is concerned with the material impacts 
of computation itself, but, more broad-
ly and more importantly, it engages a 
deeper, transformative shift in com-
puting research and practice to one 
that would use computing to contrib-
ute to the overall process of transition-
ing to a future in which the well-being 
of humans and other species is the pri-
mary objective.

The LIMITS perspective is related 
to Green IT,17 sharing an interest in 
improvements in efficiency and other 
traditionally “green” research topics. 
However, LIMITS research questions 
Green IT’s implicit assumption that 
we can “engineer around” the finite-
ness of the Earth’s resources and waste 

capacity. LIMITS sees ecological and 
environmental issues as a “predica-
ment”— that is, a situation for which 
there are not likely to be clear-cut “so-
lutions” but rather a constellation of 
complex issues that requires broad 
new assumptions and approaches. We 
seek to engage this predicament by 
adopting a new framing for comput-
ing research. We question the focus on 
ongoing economic growth that lies at 
the heart of industrial civilization and 
propose a shift from emphasis on stan-
dards of living and material productiv-
ity to an emphasis on long-term well-
being. LIMITS research looks ahead 
to future scenarios cognizant of work 
such as that of Rockström et al.28 that 

draws attention to “planetary bound-
aries that must not be transgressed.” 
Each of these topics will be discussed 
in greater detail.

Here, we present background lit-
erature in ecological economics and 
archaeology that has informed LIMITS 
research, and then review computing 
research in sustainable human com-
puter interaction, crisis informatics, 
and information and communication 
technology for development (ICTD). 
Although LIMITS researchers come 
from many subfields of computing 
including networking and software 
engineering, research in these three 
areas in particular is closely related to 
LIMITS with potential for deeper fu-
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eventually reach a “stationary state”). A 
steady-state economy would maintain 
material throughput at a rate that is 
largely stable across time and that re-
mains within ecological limits.7 At the 
same time, Daly notes that culture and 
society need not be static: “Not only is 
quality free to evolve, but its develop-
ment is positively encouraged in cer-
tain directions. If we use ‘growth’ to 
mean quantitative change, and ‘devel-
opment’ to refer to qualitative change, 
then we may say that a steady-state 
economy develops but does not grow, 
just as the planet Earth, of which the 
human economy is a subsystem, devel-
ops but does not grow.” Daly suggests 
that a single-minded focus on grow-
ing the economy comes at the eventual 
cost of decreasing human well-being 
and quality of life. Such growth results 
in, for example, charging for things 
that used to be free, the health conse-
quences of polluting the environment, 
and decreasing long-term possibilities 
to produce food or earn a livelihood.

Looking at societal trends through 
the lens of human history, archae-
ologist Joseph Tainter’s book The 
Collapse of Complex Societies argues 
that civilizations eventually collapse, 
declining over a period of decades or 
centuries.33 Analyzing extensive his-
torical and archaeological materials, 
Tainter presented collapse as a pro-
cess that arises from increasing so-
cietal complexity, which, over time, 
creates burdens for systems that they 
eventually cannot sustain.

Decline will result in less mate-
rial abundance as we push the limits 
of the Earth’s resources necessary for 
economic activity. But it is not neces-
sary for our society to end in abject 
collapse. The societies that Tainter 
studied—the Maya, the Mesopota-
mians, the Minoans, the Inca, the Ro-
mans, the Egyptians, and others—did 
not possess the resources of science, 
history, and technology that we have 
amassed in the last 500 years. These 
resources have the potential to be use-
fully deployed to fashion a transition 
from the current, unsustainable sys-
tem to a new system based on today’s 
realities. We optimistically assume 
that with advances in science and prog-
ress in philosophies of human rights, 
we have a good chance of transforma-
tive change to a system more like the 

ture connections. We then briefly sum-
marize the three annual workshops on 
LIMITS that began in 2015. Finally, we 
discuss several key principles that have 
arisen from LIMITS work to guide fu-
ture research. We see work in this area 
as a subfield that is an important alter-
native to traditional growth-oriented 
computing research.

Background
Since the beginning of computing, all 
research and development has taken 
place against a backdrop of exponen-
tial growth of, for example, transistors 
per integrated circuit (Moore’s Law), 
disk storage density (Kryder’s Law), 
bandwidth capacity (Nielsen’s Law), 
and fiber-optic capacity (Keck’s Law). 
These developments have led to the 
establishment of a “cornucopian para-
digm”23 where the design of new ser-
vices stimulates demand, which drives 
growth of increased infrastructure 
capacity, which then cycles back to en-
able the design of new services in a self-
perpetuating cycle. The idea that expo-
nential growth of computing capacity 
and an ever-expanding infrastructure 
for computing will continue into the 
future is usually taken for granted. We 
draw from research in ecological eco-
nomics and the historical record in ar-
cheology to question this assumption.

This research suggests that other 
futures are not just possible but prob-
able. While most economists sidestep 
questions of finite resources,6 econo-
mists in the subfield of ecological 
economics have grappled with these 
questions for decades. How can we 
maintain or increase well-being while 
staying within ecological limits? How 
can we promote well-being and not ex-
ceed the assimilative and regenerative 
capacities of the Earth’s biochemical 
life-support systems? We have already 
exceeded many such limits through, for 
example, overfishing, deforestation, 
soil depletion, falling water tables, ris-
ing temperatures, and emitting CO2 
and other greenhouse gases at rates 
that dangerously increase their con-
centrations in the atmosphere.28,32,38 
Ecological economist Herman Daly 
has proposed that we abandon the 
idea of striving for economic growth 
in favor of a steady-state economy (in 
line with classical economist Adam 
Smith’s idea that the economy would 

Computing has an 
enormous role to 
play in responding 
to global limits and 
in shaping a society 
that meaningfully 
adapts to them.
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steady-state economy Herman Daly 
envisions. The implication of the work 
in ecological economics and archaeol-
ogy is that we should endeavor to build 
computer systems that aim at increas-
ing well-being and quality of life while 
contributing to staying within ecologi-
cal limits. Foregrounding human well-
being is supported by the ACM Code of 
Ethics and Professional Conduct, the 
first imperative of which states: “As an 
ACM member I will contribute to so-
ciety and human well-being.” (https://
www.acm.org/aboutacm/acm-code-of-
ethics-and-professional-conduct)

We turn now to a review of comput-
ing literature that has been founda-
tional for the development of comput-
ing within LIMITS perspectives.

SCHI: Sustainable  
Human-Computer Interaction
The Sustainable Human-Computer 
Interaction community is about a 
decade old, and a number of LIMITS 
researchers have roots in this area. Eli 
Blevis’s “Sustainable Interaction De-
sign”3 is a primary source, offering a ru-
bric to identify how interaction designs 
lead to material effects, as well as sev-
eral principles for engaging in sustain-
able interaction design. Early papers 
that sparked interest among LIMITS 
researchers were Jeff Wong’s “Prepare 
for Descent: Interaction Design in Our 
New Future”40 and Silberman and Tom-
linson’s “Precarious Infrastructure and 
Postapocalyptic Computing.”31 Several 
high-profile CHI papers drew attention 
to the challenges of sustainability and 
the shortcomings of SHCI work in fail-
ing to address questions of physical, 
material, and energy limits. DiSalvo et 
al.’s “Mapping the Landscape of Sus-
tainable HCI”8 sought to provide struc-
ture to the array of papers in SHCI, 
and identified gaps in the areas being 
studied, such as the need to focus on 
collectives and broader contexts, not 
just individuals, the importance of en-
gaging with policy issues, and stronger 
connections to sustainability work in 
fields outside of computing.

From this context, Tomlinson et 
al.’s “Collapse Informatics”35 was the 
first full treatment of LIMITS topics in 
the SHCI community. This paper ex-
plored “the study, design, and develop-
ment of sociotechnical systems in the 
abundant present for use in a future 

of scarcity.” This work helped lay the 
groundwork, along with papers from 
other subfields of computing24,37 for 
LIMITS research.

LIMITS has drawn heavily from col-
lapse informatics but shifts emphasis 
to planetary limits rather than societal 
decline. LIMITS focuses on exposing 
basic processes of resource use and 
waste management in complex human 
systems. The metrics used to assess sus-
tainability must shift correspondingly. 
As examples, Pargman and Raghavan’s 
“Rethinking Sustainability in Comput-
ing: From Buzzword to Non-negotiable 
Limits”20 and Raghavan and Pargman’s 
“Means and Ends in Human-Comput-
er Interaction: Sustainability through 
Disintermediation,”25 offer major con-
tributions, arguing that “sustainabil-
ity” must be grounded in rigorous met-
rics arising from planetary limits, and 
that the complexity of societal systems 
might be reduced, easing resource use 
and waste production. The forthcom-
ing edited collection Digital Technology 
and Sustainability: Engaging the Para-
dox10 incorporates influences from 
LIMITS research. Several of the papers 
mentioned here as well as Preist et al.23 
have won best paper awards, signaling 
interest in the issues.

Crisis Informatics
We are often asked if computing within 
LIMITS is the same as crisis informat-
ics. Crisis informatics is concerned 
with technology-based studies of di-
saster planning and response, and 

constitutes an important subfield of 
human-computer interaction.19 There 
are some key differences between cri-
sis informatics and LIMITS, although 
we think that in the future the two may 
increasingly mutually inform one an-
other. At present, crisis informatics 
research generally assumes an external 
entity that enacts a rescue when a disas-
ter, such as a flood or earthquake, oc-
curs. Events are conceived as localized, 
describing a space into which the sur-
rounding society can pour resources 
to alleviate the resulting disorder and 
disruption. These scenarios accurately 
describe an important subset of possi-
ble issues confronting human civiliza-
tions. LIMITS, however, assumes long 
time frames and a global spatial scale. 
There is no external entity to provide 
relief. LIMITS emphasizes phenomena 
such as climate change, soil erosion, 
water pollution, civic instability, mass 
migration, reduced infrastructure, and 
an economy that requires continuous 
growth.4,5,14,20,21,24,30,36

Potentially there is a strong link be-
tween LIMITS and crisis informatics. 
Some crisis informatics researchers 
are beginning to examine long-term 
processes underlying crises, suggest-
ing that when looked at more broadly, 
“crises” are often more than acute 
events of short duration, with roots in 
underlying processes that may have 
been developing over decades.1 This 
understanding provides a bridge for 
future development and crossfertiliza-
tion between the two subdisciplines.
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as highly relevant to global futures, not 
just as problems that will be solved 
through economic growth.

Computing Within 
Limits Workshops
LIMITS ideas have been developed 
through three workshops (2015–2017) 
convened by the LIMITS community 
(the latter two in cooperation with 
ACM). The first two were held at the 
University of California, Irvine, and 
the third at Westmont College in Santa 
Barbara, with funding from the two 
universities as well as from Facebook 
and Google. Participants came from 
institutions in Abu Dhabi, Canada, 
Hong Kong, Pakistan, Spain, Sweden, 
Switzerland, the U.K., and the U.S., 
consistent with the global nature of 
LIMITS concerns and research. The 
2018 workshop was held in Toronto, 
co-located with the Fifth International 
Conference on Information and Com-
munication Technology for Sustain-
ability (ICT4S). Sparked by discussions 
at the workshops, LIMITS participants 
have co-authored several papers pub-
lished in mainstream conferences and 
a research grant. The LIMITS work-
shop papers are available at comput-
ingwithinlimits.org

Three Key Principles
We propose three principles that can 
help frame computing research and 
practice in a way that is consistent with 
the ideas described in this paper and 
the literature we have surveyed.

Question growth. The industrial-
ized world’s current economic system, 
capitalism, is predicated on growth. 
Economic growth has brought more 
than an order of magnitude rise in per 
capita income from $3 a day in 1800 to 
$100 in the early 2000s for most of Eu-
rope and North America.16 However, 
despite such unprecedented prosper-
ity, global income inequality is increas-
ing. Wealth is accumulating in the 
hands of fewer and fewer astoundingly 
rich persons.22 Poverty is widespread. 
Such social dysfunction, along with 
the burdens on ecosystems produced 
by economic activity,28,32,38 suggest we 
must rethink the growth paradigm. 
The ubiquity and power of computing 
make it well positioned to act as an 
agent of change to influence proposals 
for transformative economic systems 

ICTD: Information and 
Communication Technology 
for Development
ICTD is a relatively young field that 
has explored the potential of comput-
ing for improving the socioeconomic 
situation of the poor. While comput-
ing within LIMITS typically focuses 
on the future, Tomlinson et al.35 note 
that our imagined “future” LIMITS 
scenarios may already exist today in 
the conditions in which poor commu-
nities live around the world. However, 
few studies within the ICTD literature 
consider global ecological, material, 
and energy limits. Most research is 
situated in resource-constrained con-
texts and assumes the constraints will 
be relaxed in the future after sufficient 
economic growth has occurred.12,15 
The only paper so far that explicitly 
makes the link between LIMITS and 
ICTD in an ICTD venue is Tomlinson 
et al.’s DEV paper, “Toward alternative 
decentralized infrastructures.”36 The 
vacuum regarding the implications of 
phenomena such as climate change in 
the ICTD literature could be filled by a 
LIMITS perspective.

There is, however, a tension be-
tween economic development in poor 
countries—the focus of ICTD—and 
sustainability. As Herman Daly points 
out, the total resource footprint of the 
Global North and the Global South 
combined together must stay within 
the boundaries of a global steady state 
economy that is sustainable in the long 
run. To ameliorate the problem of un-

equal distribution of wealth and the 
consequent problem of poverty in the 
Global South, the Global North must 
shrink its resource footprint enough 
that countries in the Global South are 
afforded some space for necessary eco-
nomic growth. However, everyone—
North and South—must operate within 
some absolute global limits. The ethi-
cal argument for improving the quality 
of life of the poor is easy to make, but 
reducing the Global North’s consump-
tive (and exploitative) practices to af-
ford the Global South opportunities to 
grow, especially in the face of mount-
ing resource and climate pressures, 
remains an enormous challenge, and 
one computing should be cognizant of.

Despite differing perspectives, LIM-
ITS and ICTD have much in common 
and potential for integration and col-
laboration.4 For example, LIMITS work 
has studied the use of digital technol-
ogy to design habitations in refugee 
camps,29 problems of networking in 
rural populations in Zambia and Gua-
temala30 and infrastructure in condi-
tions of scarcity in Haiti.21 While these 
are classic ICTD topics, the authors in 
each case considered ecological, mate-
rial, and energy limits in their analyses, 
unlike typical ICTD studies. The papers 
engage models of scarcity, examining 
the cases as possible future global LIM-
ITS scenarios. Drought, flooding, envi-
ronmental disasters, infrastructure 
disruption, mass migration, and per-
manent settlement in refugee camps 
in low-resource environments are seen 
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and methods of governance. While dis-
cussion of specific proposals is beyond 
the scope of this article, we point to the 
work of, for example, Daniel O’Neill,18 
Peter Frase,9 and Tim Jackson13 as 
thoughtful responses to current prob-
lems that might inform the ways we 
practice computing.

Daly’s notion of promoting devel-
opment rather than economic growth 
suggests a sound mechanism for mov-
ing civilization forward, deploying our 
creativity and capacity for innovation 
in LIMITS-compliant ways. An econo-
my that demands endless growth en-
tails a cycle of consequences that must 
be interrupted if we are to address mas-
sive problems such as climate change 
and resource depletion.20 Exploring 
relations between computing and the 
economy will be an important direc-
tion for future development of the 
computing community and a consider-
able challenge.

Currently, the implicit organizing 
framework for a great deal of comput-
ing work puts a focus on increasing the 
proximate financial value of compa-
nies. Even when particular products, 
from a narrow perspective, are seeking 
to make people’s lives better through 
new technology, these products are 
typically embedded in a rapid churn 
of objects and services that foster run-
away consumption.23,27 By shifting the 
explicit focus, first and foremost, to 
the pursuit of long-term well-being, 
we may finally escape the growth para-
digm and build systems that more ef-
fectively lead to sustainable improve-
ments in the quality of life for humans 
and other species.

To make this principle actionable, 
we encourage researchers and practi-
tioners to consider whether their work 
is a) reliant on growth, b) seeking to 
make growth happen, c) contributing 
to growth. We encourage those work-
ing in computing to build systems 
and envision worlds that are neither 
reliant on nor contributing to runaway 
growth. A number of existing LIMITS 
relevant papers have addressed this 
principle.24,31,35

Consider models of scarcity. Clever 
technological fixes may help us de-
fer catastrophes for some time, but 
not indefinitely, and especially not if 
events such as wildfires, hundred-year 
storms, and Category 5 hurricanes 

become more numerous and more 
powerful as outcomes of global envi-
ronmental changes. Our track record 
of being prepared for dealing with un-
predictable catastrophic events is not 
encouraging. We would benefit from 
seriously considering LIMITS-related 
scenarios rather than blithely denying 
their possibility or treating their fore-
shocks as isolated incidents. Engaging 
with these difficult scenarios before 
they occur, rather than only in their af-
termath, will help us evaluate our level 
of preparedness and perhaps prevent 
certain undesirable future scenarios 
from happening.21

To speak of LIMITS-scenarios only 
in the future tense, however, is mis-
leading. These events are here now, as 
several climate-related catastrophes in 
the U.S. and Europe have shown, even 
during the writing of this article. Sci-
ence fiction author William Gibson 
famously said, “The future is already 
here—it’s just not evenly distributed.” 
We see this future currently on display 
in places such as Flint, Michigan where 
toxic wastes have poisoned the water 
supply. It is thus possible to frame LIM-
ITS scenarios (including, for example, 
heat waves, drought, rising sea levels, 
and floods) not in terms of random ir-
regularities or threats that might afflict 
us in the future, but in terms of an in-
creasing incidence of phenomena aris-
ing from intensive economic activity.

A concrete research strategy is to de-
velop case studies of current changes 
that may model futures of relative scar-
city. For example, a study of the con-
tinuing impact of the 2010 earthquake 
in Haiti found that the regrowth of in-
frastructures was occurring in a more 
distributed fashion than would be typi-
cal for countries with more resources.21 
Distribution networks for clean water, 
electricity, Internet, and gasoline were 
severely damaged in the earthquake. 
Corporate and government responses 
were hampered by political and finan-
cial obstacles. In many cases, survivors 
themselves began to rebuild the infra-
structures in a bottom up manner. For 
example, large private water tanks were 
installed on local properties. Wealthier 
residences allowed adjacent poorer 
households to tap into power lines via 
jerry-rigged extension cords without 
paying for the service—a generous if 
somewhat precarious arrangement. 

We encourage 
those working 
in computing to 
build systems and 
envision worlds that 
are neither reliant 
on nor contributing 
to runaway growth.
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sure. Mitigating the Jevons paradox 
requires creative approaches that may 
include substitution of goods by servic-
es and dematerialization, for example, 
by virtualization.11 Such changes have 
the potential to entail a drop in abso-
lute consumption, although so far, 
most approaches have tended to focus 
on increasing efficiency, which may or 
may not result in absolute reductions.13 
However, there is scope for significant 
change; for example, the energy costs 
of a virtual meeting that transmits 
data to a large number of remote par-
ticipants is tiny compared to the en-
ergy cost of a single airplane trip for a 
single participant. The energy needed 
for data transmission is decreasing at a 
fast pace, unlike the energy costs of air 
travel. Aslan et. al.2 estimate that data 
transmission costs decrease by 50% ev-
ery two years.

Accounting for resource use must 
be done thoughtfully, with long-term 
goals in mind, in view of the big pic-
ture. There is justification for spend-
ing resources during a time of relative 
abundance to prepare for a future of 
scarcity.12 Not all investments need to 
pay off immediately. There is a place 
for experimenting when we don’t know 
for sure if savings will be accrued. But 
such experimentation should fail fast, 
and have a plausible hope of saving re-
sources. In this regard, we need to be 
cognizant of the power of capital mar-
kets in deciding what is a success and 
what is a failure. While markets are 
very good at optimizing the delivery of 
the goods and services that they incen-
tivize, they tend not to be organized in 
such a way that promotes long-term 
returns or incorporates the costs of the 
externalities that push limits. Structur-
al changes such as cap-and trade mar-
kets, taxes, fees, rationing, and quotas 
are needed, in concert with technologi-
cal changes, to address these issues.

Another key approach involves 
finding energy savings through disin-
termediation, that is, the process of le-
veraging technology to supplant “mid-
dleman” actors in resource chains.25 
Traditionally, in the absence of infor-
mation technology, such middlemen 
provided value and extracted costs 
by creating markets and distribution 
centers for goods. For example, sys-
tems to directly connect small-scale 
worker/producer owned facilities 

Such a re-arrangement certainly went 
against existing building codes, but 
recognized the low cost of alleviating 
some resource deprivation in exchange 
for neighborhood stability.

A case study such as this can be gen-
erative by revealing opportunities for 
developed and less developed regions 
to transfer technologies and schemes 
of sociotechnical organization that 
present a different set of economic in-
centives for actors. Being aware of the 
wide diversity of current and future 
potential contexts in which humans 
may find themselves, more than a few 
of which are characterized by scarcity, 
may help computing researchers and 
practitioners design technology that 
promotes global well-being.

Several other LIMITS-relevant pa-
pers have focused on aspects of this 
principle, including work found in 
Refs.4,14,29,30,40

Reduce energy and material consump-
tion. Sticking to the dominant narrative 
of growth is riskier than just making a 
bad guess. It is dangerous because it 
creates a possibility that we will reach a 
point at which resources have precipi-
tously dwindled and we may not have 
enough remaining resources to make 
the necessary corrections to avert cat-
astrophic outcomes. Therefore, it is 
important to acknowledge that com-
puting uses energy and material re-
sources. If, as we have argued, these re-
sources are declining, a threshold that 
LIMITS research should meet is that it 
is worth the resources it consumes. Put 
another way, LIMITS research, once 
applied, should reduce energy expen-
ditures and material consumption. 
This reduction is difficult to assess, but 
not something we can sidestep.

More broadly speaking, attempts to 
limit resource usage in any human sys-
tem are notoriously challenging. Most 
of us are well aware of the problems of 
CO2 emissions, but less aware of more 
subtle dynamics such as the Jevons 
paradox, that is, that more efficient 
technologies often encourage greater 
use of a resource, reducing or eliminat-
ing savings. A more efficient gas engine 
may reduce fuel consumption by half, 
but stimulate more than twice as much 
driving (as well as more cars). A more 
efficient cryptocurrency mining chip 
effectively increases electricity con-
sumption through competitive pres-

LIMITS research, 
once applied, should 
reduce energy 
expenditures 
and material 
consumption.  
This reduction is 
difficult to assess, 
but not something 
we can sidestep.
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with consumers could be of value in 
a new economy. Such simplification 
is responsive to Tainter’s argument 
that increasing complexity leads to in-
creasing burdens for systems which at 
some point they cannot bear.33 Tech-
nologies that provide services while 
reducing complexity at the same time, 
square conceptually with what we 
know from the historical and archaeo-
logical record about the relationship 
between increasing societal complex-
ity and eventual societal decline. This 
and other efforts at disintermedia-
tion3,36 could help reduce energy and 
material consumption.

Conclusion
While we do not know for certain what 
the future holds, scientists from dis-
ciplines such as climate science and 
ecology have made evidence-based 
predictions about directions the future 
will likely take if current trends con-
tinue. However, what many comput-
ing researchers and practitioners do in 
practice is to assume there is only one 
possible likely future—that current tra-
jectories of increased growth and con-
sumption will continue. The burden of 
our message in this article is that sci-
ence is telling us the kinds of growth we 
have recently experienced are unsus-
tainable. Consequently, we believe the 
field of computing should be paying 
serious attention to futures in which we 
encounter planetary limits.

LIMITS thinking emphasizes incen-
tivizing long-term returns. It seeks to 
align its efforts with the scientific dis-
ciplines documenting global transfor-
mations through climate change and 
numerous other global effects. LIMITS 
seeks to explore ways that computing 
may support long-term well-being. We 
see significant cause for concern in 
many science-based projections of the 
future, and we want to enable our work 
to be relevant and useful with respect 
to these potential realities.
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