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ABSTRACT

Researchers have proposed different approaches to reduce the use of natural resources to a sustainable level.
Operational eco-efficiency, circular economy, and sufficiency are three prominent examples that follow their
own specific logics. So far, these approaches have been almost exclusively discussed in isolation, with the
assumption that they are independent of each other. This paper brings all three approaches together in one
coherent model. Our model shows that individually each approach can reduce the use of natural resources to a
sustainable level. Yet, our model also reveals how various effects arise as a direct result of combining approaches,
i.e. one approach affects another when executed in tandem. Our model identifies operational eco-efficiency and
circular economy as ‘no regret’ approaches, while sufficiency constitutes a ‘regret’ approach. By way of example,
we show that increasing operational eco-efficiency increases the costs or ‘regret’ of sufficiency approaches,
reducing their effectiveness. Sufficiency approaches and increasing operational eco-efficiency risk interfering
with the careful balance that is required for optimal circularity. We find that these interactions must be carefully
considered if the three approaches are to be effective in reducing resource consumption to a sustainable level.

1. Introduction

There is little doubt that society's use of resources is unsustainable
(Daily and Ehrlich, 1992; Meadows et al., 1972). Logically, therefore,
society needs to dramatically reduce its resource consumption to stay
within its ecological limits. At the same time, natural resources are
essential to produce, for example, products and services to satisfy human
needs and desires. In response, scholars have developed numerous
strategies, frameworks and models that, for the purposes of this paper
and influenced by insights generated by the use of the IPAT equation
(Commoner, 1971, 1972), we have collapsed into three broad-based
approaches: Operational efficiency; the circular economy; sufficiency.

The first two approaches both concern ‘eco-efficiency’ (DeSimone
and Popoff, 1998; World Business Council for Sustainable Development,
1996), i.e. colloquially put, they both involve devising new ways of

‘doing more with less’ (Thorpe, 2023). The first approach, ‘operational
efficiency’ is where the efficiency of resource use increases by creating
more return per unit of resource used, i.e. by ‘narrowing resource flows’
(Bocken et al., 2016). Making aluminium drink cans thinner is a good
example. The second approach involves closing resource loops by using
resources circularly; using the same resources repeatedly to reduce the
amount of virgin resources needed to create a return, reflecting the well-
established concept of the circular economy (Pearce and Turner, 1990).
Recycling aluminium drink cans is an example for this.

Whilst these first two approaches directly manipulate a reduction in
resource consumption, a third approach adopts more indirect means of
doing so: The main argument with the latter is that less resources will be
used if society limits the consumption of products and services. This
third approach therefore can be thought of as one of ‘sufficiency’ (Figge
et al., 2014; Jenkins, 2006; Tan et al., 2005), which we equate here to
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‘self-restraint’, or voluntarily choosing to consume less (Alcott, 2008;
Heindl and Kanschik, 2016; Vita et al., 2019).1

Each of these approaches — and the myriad of models and frame-
works within each of them — use different mechanisms to reduce
resource consumption. To date, these have been explored in isolation.
This is problematic as recent evidence shows that the dynamics that flow
between these approaches can sometimes reduce their effectiveness (e.g.
Figge et al., 2021b). In this paper, we present a coherent model that
takes into account operational efficiency, the circular economy, and
sufficiency. Further, we identify and explore the outputs and outcomes
of the three approaches in combination and as interactive entities. To
this end, the question that we ask is, ‘What are the effects of combining
operational eco-efficiency, circular resource use, and sufficiency approaches
to reduce resource use to a sustainable level?’

The article is structured as follows. The next chapter discusses the
concept of ecological limits and the three approaches of operational eco-
efficiency, circular economy, and sufficiency. In the third chapter, we
develop our model that combines all three approaches. In the fourth
chapter, we turn our attention to the dynamics between different ap-
proaches; specifically, we discuss how dynamics can affect the overall
eco-efficiency approaches when they are combined. We offer some final
comments in chapter 5.

2. Carrying capacity (ecological limits) and approaches to the
problem

Society's current use of resources is unsustainable, and this has been
widely discussed in the literature as a well-established observation. Even
back in the late eighteenth century, Malthus (1798), for example,
pointed out that the trajectory for population growth would lead to
unsustainable resource use. Sequentially, publications like “Limits to
Growth” (Meadows et al., 1972) or “Global 2000 (Barney, 1980)
jumpstarted an awareness of the problem into more contemporary
times. Further, easily accessible indicators such as the Ecological Foot-
print (Wackernagel and Rees, 1996) that state the available land
compared to the amount of land that is required to produce products and
services and Earth Overshoot Day that “marks the date when humanity
has used all the biological resources that Earth regenerates during the
entire year” (Global Footprint Network, 2022), have moved the topic of
unsustainable resource use into mainstream academic discourse and the
public domain alike. In short, global society lives beyond its means.

Arguably, to understand why society is in this position, we need to
examine the drivers of resource use. The IPAT equation (Commoner,
1971, 1972) is one well-established tool that can help us to do so. Whilst

! ‘Sufficiency’ as a concept has been interpreted varyingly and is thus un-
derstood and scoped heterogeneously across different disciplines, sub-
disciplines, and contexts. In the discourse on ‘mitigation’ for example within
climate change — and more specifically in the context of GHG emissions in the
building sector — chapter 9 (buildings) of a recent Inter-governmental Panel on
Climate Change publication contrasts ‘sufficiency’ with ‘efficiency’, not least on
a temporal dimension: The former is seen as “long-term actions driven by non-
technological solutions [...], which consume less in absolute term[s]” (Cabeza
and Bai, 2021, p. 9-4), whereas the latter is understood as “continuous short-
term marginal technological improvements” (Cabeza and Bai, 2021, p. 9-8).
Furthermore, within the same building sector context, the IPCC links both
sufficiency and efficiency to greenhouse gas emissions to constitute a rather
specific “Sufficiency, Efficiency, Renewable (SER) framework” (Cabeza and Bai,
2021, pp. 9-5). The IPCC's scoping and use of sufficiency and efficiency in
particular illustrates just one understanding: Other researchers scope the con-
structs rather differently. Some use the terms independently of any framework
or specific industry sector, for example, with no reference to any temporal
dimension (e.g. Hayden, 2019; Spangenberg and Lorek, 2019), whilst still
remaining valid. For an excellent discussion on the variations of how sufficiency
and efficiency have been scoped and used, see Baumgartner et al. (2022) in this
journal, where the authors also draw attention to the lack of a single definition.
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we acknowledge that this equation has been modified into many
different formats to reflect different contexts, we refer to the original
here as the most appropriate.

In short, the equation links ‘impact’ (I) with ‘population’ (P),
‘affluence’ (A), and ‘technology’ (T). Several variants of IPAT have also
been subsequently developed that more sensitively accommodate the
specificities of certain contexts (Chertow, 2000). The popular Kaya
version, for example, is used in IPCC reports as a special form in that it
accommodates variables such as energy intensity and carbon intensity
(Kaya and Yokobori, 1997).

As a mathematical identity, IPAT can be applied to contexts where
impacts are narrowly defined, but also to all forms of emissions and
resource uses, as long as they relate to some kind of production. Always
measured in absolute numbers, impact (I) could be, for example, CO»-
emissions — measured in tons or energy, using units of Gigajoules (GJ).

Population (P) is also recorded as an absolute number that could
equate to, for instance, the number of people living in a particular
country or region. Affluence (A) could correspond to GDP per capita, as
a common measure of material wellbeing. Finally, technology (T) re-
flects the ratio of resource use to GDP, which depends on the technol-
ogies being used. Thus, if we assume that impact (I) is measured in tons
[T], population in number [nr] of people living in a defined space, and
GDP is expressed in $ then we can express the IPAT equation as follows:

1[T] = Population [nr]” Affluence [$/nr]” Technology [T/$]

Both the number of people [nr] and the GDP expressed in $ cancel
each other out.

Most importantly for our discussion in this paper, the IPAT equation
indicates that for any given population there are two drivers that can be
used to reduce environmental impacts: Improving technology and
reducing affluence. In the main, these reflect the various strategies,
models and frameworks in the current literature on the (un)sustain-
ability of resource use that we have collapsed into three main ap-
proaches, as above: Approaches concerning operational efficiency and
the circular economy largely relate to technological based improve-
ments as to how society uses its resources; a sufficiency approach reflects
the IPAT identification of reducing affluence. We now discuss these
further.

2.1. Technology improvements: Operational eco-efficiency and the
circular economy

The IPAT equation defines technology as (undesirable) impact rela-
tive to (desirable) output or production. This is also known as eco-
intensity (Huppes and Ishikawa, 2005). Eco-intensity is the inverse of
eco-efficiency (Ehrenfeld, 2005) and it is the latter that is primarily
discussed in the literature.

Although the concept of eco-efficiency has been around for more
than 40 years (McIntyre and Thornton, 1978), it was only later pop-
ularised by the World Business Council for Sustainable Development
(WBCSD) (World Business Council for Sustainable Development, 1996;
World Business Council for Sustainable Development and United Na-
tions Environment Programme, 1998). The underlying idea is that by
creating “more value with less impact” society can move towards using
resources more sustainably (World Business Council for Sustainable
Development, 2000).

As above, two overall technological-based approaches fall within the
domain of ‘eco-efficiency’: Increasing operational eco-efficiency and
using resources circularly. Both aim to create more return with the same
amount of resources and/or to reduce the amount of resources that are
needed to produce a given return; they both aim to elicit a more efficient
use of resources. At the same time, the two approaches use different
mechanisms to increase the efficiency of resource use, and it is this that
largely distinguishes the two.

The goal of operational eco-efficiency is to increase the return that is
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created per unit of resource each and every time it is used. At its heart,
increasing operational eco-efficiency means using less of a resource to
create the same product or service. To do so, various tactics can be
employed that use less raw materials, including, for example, the (re)
designing of products and packaging (e.g. Baxter, 2018; Gaustad et al.,
2018; Reike et al., 2018).

In the literature, operational eco-efficiency has been discussed under
several different names. More recently, Bocken et al. (2016) refer to
operational efficiency as ‘narrowing resource flows’, for example,
whereas more commonly in slightly older literature sets the concept is
discussed in the context of dematerialization (e.g. Cleveland and Ruth,
1998; Hukkinen, 2001) or Factor X concepts (e.g. Reijnders, 1998;
Schmidt-Bleek and Weaver, 1998), as above. Although using different
terms, these conversations converge on their overall aim of increasing
the return created per unit of resource use.

The second approach, i.e. the circular economy, is an alternative
pathway to eco-efficiency, although scholars often, and certainly more
recently, combine this with operational eco-efficiency (e.g. Bocken
et al., 2016; Geissdoerfer et al., 2020). In this way, at least in theory, the
two can be complementary, united by the same underpinning goal of
reducing resource use overall via technological orientated means and
tactics. However, their combination is not a given, with a good pro-
portion of the literature exploring the circular economy as an isolated
concept.

In contrast to operational efficiency, the specific remit of the circular
economy is to use the same resources over and over again to eliminate,
or at least reduce, the need to use virgin resources, increasing eco-
efficiency in the process. Take-back schemes (e.g. Hvass and Pedersen,
2019), remanufacturing (Ferrer and Ayres, 2000), and recycling initia-
tives (Levanen et al., 2018) are all examples of activities that contribute
to the circular economy.

Both strategies can reduce resources in isolation, but, as above, they
can also be used in combination. For example, making lighter
aluminium cans to sell beverages increases operational eco-efficiency;
companies need less aluminium to produce the same amount of
aluminium cans. If these cans are subsequently returned and recycled
and the aluminium is used to produce new cans the eco-efficiency of
resource use increases further; more cans will be produced over the life
of the resource.

Although both approaches appear promising, they are not without
their challenges. One example is that neither approach can guarantee
that resource use will in fact be reduced. In the literature, this phe-
nomenon is discussed as Jevons' Paradox (Jevons, 1866), or rebound
effect, both in the context of increasing operational eco-efficiency (e.g.
Berkhout et al., 2000; Sorrell and Dimitropoulos, 2008) as well as the
circular economy (Figge and Thorpe, 2019; Zink and Geyer, 2017).
When resource use becomes more efficient, very often it means that
resources become cheaper. In turn, products become cheaper to pro-
duce. If these cost savings are passed on to consumers, this might
stimulate greater demand for such products, increasing the overall
consumption of resources in the process.

2.2. Reducing affluence: Sufficiency

The latter point starts to hint at the importance of the role of the
consumer in the task of making resource use more sustainable. From our
use of IPAT, we can see that ‘reducing affluence’ is an additional
approach to ‘improving technology’, as above. We equate the former to
our third identified overall approach of ‘sufficiency’, which is discussed
in the literature as such. Sufficiency is a voluntary reduction of con-
sumption that comes at a net cost to the consumer, i.e. the consumer
foregoes the benefit of consumption for the sake of reducing environ-
mental pressures (Alcott, 2008). This contrasts with the concept of ef-
ficiency: As Sachs (1999, p. XII) colloquially summarises, “while
efficiency is about doing things right, sufficiency is about doing the right
things.” Like our other two identified approaches, ‘sufficiency’ is
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somewhat of an umbrella term that covers a range of frequently similar
concepts concerned with the voluntary reduction of production and/or
consumption. Voluntary simplifiers, for example,”choose, out of their
free will [...] to limit their expenditures on consumer goods and ser-
vices” (Etzioni, 1999, p. 3).

However, perhaps most pertinent to the idea of sufficiency is the
literature set on de-growth (Martinez-Alier et al., 2010), with additional
inputs from scholars interested in a-growth (Van den Bergh, 2011), zero
growth (Barrett, 2018) and green growth (Tilsted et al., 2021). Potential
socio-economic challenges aside (Kallis, 2011; Kallis et al., 2012), de-
growth emphasises the ecological advantages of shrinking economies
(Weiss and Cattaneo, 2017); a “planned slowdown to respect planetary
boundaries” (Kallis et al., 2022, p. 3). Although a standalone concept, it
is relatively straightforward to see how the principles of de-growth
might generate insight into how society can use its resources more
sustainably. As Hickel (2020) states, the core idea is that we learn to live
better with less, and the key word here is ‘less’, i.e. less products that
equate to less resources. A-growth is perhaps less dramatic in that it
concerns a relative indifference towards growth (Van den Bergh, 2011),
whilst still rejecting the principles of green growth (Tilsted et al., 2021).

Regardless of the differences in their detail, all challenge the notion
that growth in society is desirable or even necessary, and instead argue
for the merits of reducing growth or at least finding a new way in which
it can be manifested that is conducive to society. In this way, there is
clearly a common theme between the two concepts. As a core charac-
teristic of a sufficiency strategy overall, a reduction in GDP per capita
that will lead to lessening material affluence is commonly cited as
desirable: If both population and technologies are kept constant, this
will reduce environmental impacts.

The next chapter brings together these three approaches into one
coherent model.

3. The model

In this chapter, we build a model step-by-step, that accommodates
ecological limits on the one hand with the three approaches — in various
configurations — on the other. To illustrate we refer to two resource
users (A and B) that both use the same single resource to create a return.
Overall resource use, i.e. that which is used by society in its entirety,
corresponds to the amount of resources used by A and B in combination
(A + B). Whenever societal resource use exceeds the ecological limit, we
assume that this generates ‘overshooting’.

Fig. 1 illustrates the initial model. Both resource users need a
resource (x-axis) to create a return (y-axis). The slope of the lines that
pass from the origin to each of the points that represent the resource use
and return generation of resource users A and B, reflects the efficiency
with which resource users use the resource. This corresponds to opera-
tional eco-efficiency.

Resource user B uses more resources than resource user A. However,
B also creates a disproportionally higher return, i.e. the operational eco-
efficiency of B exceeds the operational eco-efficiency of A. The point A
+ B, indicated on the middle sloping line, represents the overall resource
use of resource users A and B and the return that they generate. Logi-
cally, the combined efficiency is between the efficiencies of the two
resource Uusers.

Fig. 1 also introduces an ecological limit, i.e. the maximum amount
of the resource that can be used if the ceiling of the ecological carrying
capacity is respected. We assume that in the scenario of Fig. 1, together
resource users A and B overshoot this limit.

Increasing operational efficiency is one way to reduce resource use to
the point that it falls within ecological limits. Operational eco-efficiency
is increased when a resource user produces more return with the same
amount of resources, the same return with less resources or a combi-
nation thereof.

In Fig. 2, resource user A has increased its eco-efficiency to the same
level as that of resource user B. The same level of return is therefore now
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Fig. 2. Increasing operational eco-efficiency.
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indicated, in the literature this is commonly discussed as various forms
of a rebound effect (Berkhout et al., 2000; Greening et al., 2000; Jevons,
1866). Higher eco-efficiency can, for example, lead to cheaper products,
which in turn might stimulate demand and result in higher-than-
expected resource use.

In Fig. 3, resource user A increases its operational eco-efficiency to
that of resource user B. However, this time the return created by
resource user A increases, which — indicated by point A' + B — results,
on the aggregate level, in a resource use that is lower than before but
higher than expected. As Fig. 3 shows, the rebound effect can be
expressed both in terms of the increase in resource use and increase in
return.

A further way in which to decrease the amount of resources used, is
to voluntarily reduce the return. We refer to these as sufficiency ap-
proaches, as before.

In Fig. 4, resource user B reduces its resource consumption to that of
B'. This brings the combined resource use of A and B to the ecologically
acceptable level (A + B'), i.e. that which falls within ecological limits.

In doing so, it is interesting to note that the combined operational
eco-efficiency for A and B also declines. This is because it is resource user
B — the more efficient resource user of the two — that has reduced its
return, i.e. rather than resource user A, with the result being that the
combined resource use becomes less efficient.

As illustrated in Fig. 5, the opposite effect is seen when it is the less
efficient resource user A — rather than the more efficient resource user B
— that voluntarily reduces a return, i.e. that pursues a sufficiency
strategy. In other words, the combined operational eco-efficiency in-
creases because the contribution of a sufficiency strategy is made by the
less eco-efficient resource user.

However, it is worth emphasising both scenarios — resource user A
reducing its return (Fig. 5) and resource user B reducing its return
(Fig. 4) — procure reductions in their combined resource use that fall
both within ecological limits, albeit a more pronounced decrease in
returns in the latter.

So far, we have illustrated two of the three approaches we identified

Return

Rebound:

RETa+s

Rebound

RET, -
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from the literature and from our use of IPAT — operational eco-
efficiency and sufficiency. Fig. 6 illustrates the third — resource circu-
larity. Like operational eco-efficiency, the circular economy (Pearce and
Turner, 1990) also focuses on eco-efficiency.

Recent work from (Figge et al., 2021b) has theorised the circular
economy using Modern Portfolio Theory (Markowitz, 1952, 1959).
Similar to risks that diversify away when they are combined in a port-
folio, resource use can be reduced by sharing resources between
resource users or resource uses. Qur scenario in Fig. 6 illustrates.

Again, there are two resource users (A and B) in our example. Both
resource users have a given resource use and create a given return.
Together, return and resource use determine the operational eco-
efficiency of resource use for each resource user.

Deviating from the example scenarios illustrated in the previous
figures, we focus on the efficiency of resource use regardless of the scale
of the operations of each resource user. Put differently, we, first, assume
that resource use and return generation can be reduced or increased at
the same operational eco-efficiency. This assumption enables the con-
struction of a portfolio with different mixes of resource users A and B.

Second, we assume that resource users exchange resources to
different degrees, resulting in different extents of resource circularity.
We illustrate in Fig. 6 with three different cases. The first case assumes
that there is no circularity, i.e. resource use is fully linear. This is re-
flected by (dashed) line 1. As identified in Figs. 4 and 5, eco-efficiency of
resource use is highest when there is a greater proportion of resource
user B in the portfolio. When there is only resource user B, then the eco-
efficiency of resource use corresponds to the operational eco-efficiency
of resource user B. As the percentage of resource user B in the portfo-
lio decreases, we can see that we move along line 1, away from resource
user B to resource user A.

Line 2 shows an example of the case of “perfect circularity’, i.e.
where potentially all resources are used and re-used infinitely with zero
waste. Again, the closer we are to point A (B) the greater the percentage
that resource user A (B) has of the total amount of resources used. Yet,
this time the two resource users are not connected by a straight line. At

Ecological Limit

Y J\ Y
RESA ~ Rebound
|
RESg

Y Resource
Rebound

f

RESa+s

Fig. 3. Rebound effect.
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one point the line touches the y axis, showing that a return is generated, resource users. It is important to note however, that perfect circularity is
but that no resources are required. This corresponds to a scenario of only given for a specific distribution of resource use by resource users A
perfect circularity where resources flow perfectly between the two and B.
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Resource

Fig. 6. Higher eco-efficiency through circular resource use.

Line 3 reflects the arguably more realistic case of when resource use
is neither perfectly linear nor perfectly circular. The combined lowest
achievable resource use of resource users A and B lies on a line that is
tangent to line 3. We can note that the efficiency of this line is above the
operational eco-efficiency of resource users A and B in isolation. This
demonstrates the efficiency-enhancing effect of (imperfect) circular
resource use. A more circular resource use can therefore help to increase
the efficiency of overall resource use and help to reduce resource use to a
more sustainable level.

Fig. 7 combines all three approaches in a single figure. It shows how
each approach — in isolation — can reduce resource use to stay within
ecological limits.

We assume imperfect circularity in this figure. Overall resource of A

Return

+ B lies above ecological limits. To reduce resource use we can increase
the operational eco-efficiencies of both resource users A and B, as re-
flected by the vertical arrows (I) in Fig. 7. This increases the eco-
efficiency of resource use enough to achieve a sustainable level of
resource use (A' + B').

The exact same extent of resource use and resource use efficiency can
also be achieved by making resource use more circular. When resource
use becomes more circular the curvature of the line connecting resource
users A and B becomes more pronounced, i.e. it allows the same level of
return with less resources. This is reflected by the horizontal arrow (II)
pointing to the left in Fig. 7. Through this strategy, resource use is also
reduced — indicated by point A' + B'.

Both increasing operational eco-efficiency of resource users A and B,

Foregone
return

'A"E ological Limit

"_L'

Resource

Fig. 7. Combination of strategies.
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and increasing the circularity of resource use, produce the same return
with fewer resources. Both strategies can therefore be considered ‘no
regret’ strategies, as they provide the same return.

The same overall level of resource use can also be attained through a
sufficiency approach. In Fig. 7 we assume that the sufficiency strategy
reduces the economic activity of both A and B to the same degree, i.e. the
eco-efficiency of resource use overall remains unchanged. The hori-
zontal arrow marked III shows how the sufficiency strategy reduces
resource use to point A" + B”. Resource use is now, as with the strategies
above, reduced to a sustainable level. However, by reducing the amount
of economic activity we forego some return. Sufficiency strategies are
therefore ‘regret strategies’.

4. Discussion

Resource use is subject to ecological limits, i.e. planet earth has finite
reserves from which society draws to make products and deliver ser-
vices: Colloquially put, society is currently living beyond its means.
From the extant literature and our use of IPAT we have determined three
different approaches that can be used to address the problem: Opera-
tional eco-efficiency and the circular economy that are both efficiency-
based, and sufficiency that is orientated on reducing affluence.

Most often these are discussed in the current literature as separate
entities, where the efforts of academics have largely been focused on
producing an array of techniques, frameworks, and models that aim to
develop each approach. So far, little regard has been given to the im-
plications that might arise when two or more approaches are followed in
parallel. This is important because their combination does not always
generate value-added, in terms of the extent to which they move society
towards a more sustainable resource use.

In this paper, we have built a model that explores each approach in
relation to the others. Specifically, we asked, ‘What are the effects of
combining operational eco-efficiency, circular resource use, and sufficiency
approaches to reduce resource use to a sustainable level?” Thus, our main
contribution is to show the effects of combining approaches, which we
now unpack.

Fig. 8 shows how combining strategies has the effect of reducing

Return

AIII+BII <

-
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resource use. Point A + B reflects initial resource use. The slope of the
line from the origin to point A + B shows the initial eco-efficiency of
resource use.

In a first step, we increase the operational eco-efficiency of resource
use for both A and B. This is indicated by the vertical arrows (I) in Fig. 8.
Both A and B achieve a higher return with the same amount of resources.
Consequently, the new point A' + B’ requires less resources while
generating the same return; overall eco-efficiency increases.

In a second step, we increase the circularity of resource use, i.e. re-
sources are used and re-used more times. The curvature of the line
connecting points A' and B’ becomes more pronounced, allowing for a
more efficient resource use overall. This is indicated by horizontal arrow
“II”. This reduces the overall resource use to the level of A" + B".

In a third and final step, we focus on sufficiency: This strategy re-
duces resource use by voluntarily forgoing some return, and this is
indicated by arrow “III”. This reduces resource use to A" + B”’.

It is worth noting that the total reduction could also have been
achieved by each of the strategies in isolation. However, it is also
important to note the effects that arise when combining operational eco-
efficiency, a more circular use of resources, and sufficiency with each
other. Clearly, any one strategy can be used individually as a means of
reducing resource use. However, each approach has inherent limits that,
given the extent of overshooting in terms of current levels of resource
use, will need to be offset or controlled for in some way. Combining
approaches is one way of doing this, with the end goal of reducing
resource use to a sustainable level. Our model, at this point, depicts this.

We can also deduce from our model that how strategies are combined
is important. In other words, arbitrarily combining approaches is not
enough. Rather, optimal configurations exist. As above, a sufficiency
strategy for instance can reduce the overall eco-efficiency of resource
use. This is the case whenever the consumption or production of more
eco-efficient products is reduced in some way — for example, when
society consumes less products that are more eco-efficient or when firms
make such products less available for consumption. In short, when eco-
efficiency is reduced it may or may not indicate a waste of resources, and
thus, identifying optimal configurations of the three approaches is
important.

pr

Resource

Fig. 8. Effect of combined strategies.
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One such configuration is indicated in Fig. 9 that focuses on a com-
bination of operational eco-efficiency with a circular use of resources;
specifically, where the former impacts the eco-efficiency generated by
the latter.

To maximise eco-efficiency, a specific mix — or portfolio — of
resource users is required. When operational eco-efficiency changes, the
extent to which the mix remains optimal can also change. The eco-
efficiency generated by the portfolio as whole depends on two factors:
(1) The individual operational eco-efficiency of each individual resource
user, and (2), the degree to which resources are used circularly within
the portfolio overall.

In the example indicated in Fig. 9, resource users A and B have the
same operational eco-efficiency initially. Subsequently, resource user B
increases the amount of return it produces with the same amount of
resources (Point B).

The initial, highest achievable eco-efficiency of resource use is
indicated by the line I that is tangent to the dashed line linking resource
users A and B. Line I shows that it is a very specific combination of
resource users A and B that maximises the overall efficiency of resource
use. The closer the position on the dashed line is to resource user A (B),
the higher the percentage of resource user A (B) within the portfolio.

After the operational eco-efficiency of resource user B increases, the
optimal mix of resource users A and B in the portfolio changes. As Fig. 9
shows, the optimal configuration now contains a higher proportion of
resource user B, indicated by the point where line II is tangent to the
dashed line linking resource users A and B’, is closer to B’ than before. If
the same mix of resource users A and B is maintained, line III showing
the efficiency of overall resource use would not be tangent to the dashed
line linking A and B'. Instead, it would cut across the dashed line,
indicating an inefficiency.

Put differently, increasing operational eco-efficiency has conse-
quences for establishing an optimal mix of resource users for circular
resource use. This is in line with recent research that has argued that
optimisation in the context of the circular economy needs to happen at a
group level (Figge et al., 2021a). A change in operational eco-efficiency
of one resource user must therefore be accompanied with a rebalancing
of the resource flows between the resource users.

Another example of how two approaches interact is the impact of a
higher operational eco-efficiency on sufficiency. As explained above,

Return
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sufficiency strategies are ‘regret strategies’; reducing resource use by
reducing the demand for a product creates a foregone return, i.e. an
opportunity cost. The more efficiently a resource is used, the higher the
opportunity cost. Consequently, increasing the operational eco-
efficiency of one alternative - a product, for instance - increases these
opportunity costs, making sufficiency more costly for the actor
concerned.

Put more colloquially, increasing operational eco-efficiency raises
the price tag of sufficiency. If we assume that actors that practice suf-
ficiency are willing to forego a return to lower resource use but that this
willingness is limited, then increasing operational eco-efficiency risks
crowding out the effectiveness of sufficiency. An ever-increasing oper-
ational eco-efficiency continuously increases the ‘regret’ of sufficiency
strategies.

At the same time, sufficiency can reduce the effectiveness of the
circular economy. Using the example of the previous chapter, the cur-
vature of the lines connecting the two resource users and the point
where the overall resource use and return are located also depends on
the resource contribution that each resource user makes. In other words,
when an actor practices sufficiency to reduce resource consumption this
can have an impact on the degree to which resources are used circularly.

A practical example that illustrates is the supply and demand of
polyethylene terephthalate (PET) of which plastic bottles are made. On
the one hand, drink companies are targeting a recycling content of at
least 25% by 2025 and other industries such as the garment or house-
hold goods industry are also increasingly using recycled PET (Evans,
2022). This is clearly desirable from a circular economy perspective. On
the other hand, reaching such targets requires a sufficient supply, which
is currently lacking: Prices have doubled for recycled PET between
January 2021 and January 2022, which now rival or even exceed the
price for virgin PET. As one industry expert put it: “Supply of recycled
PET doesn't anything like match the demand because the recycling in-
dustry can't scale fast enough even with the strong buying signals
created by [companies'] targets” (Evans, 2022). In the circular economy
the owner of a product is at the same time supplying the materials
contained in these products to industry (Figge et al., 2022). If sufficiency
reduces the demand for products, it may simultaneously hamper the
circular use of resources.

Implications for theory and further research.

Resource

Fig. 9. Interaction between operational eco-efficiency and optimal circularity mix.
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In terms of theory development, our model implies that there are
benefits to be reaped in taking a rather different approach to explore
how resource use can be reduced to a more sustainable level. Specif-
ically, our model shows how combining approaches leads to specific
effects, some of which contribute to reducing resource use, whilst others
fail to do so. Thus, the first implication for theory development lies in the
value of moving away from seeking the optimisation of any one indi-
vidual approach and moving towards an approach that simultaneously
embraces multiple approaches. As such, we encourage further research
to take a collective approach.

The second implication for theory garnered from our model is that
the outcome of combining approaches is not necessarily the sum of each
approach's individual ability to reduce resource use. Rather, the dy-
namics that flow between each approach are important in that they
influence the contribution of each individual approach to reducing
resource use. Thus, further research might build on this idea by building
theory that not only embraces a collective approach but also fore-
grounds the dynamics that flow between them as active entities.

Our model also suggests some more specific lines of inquiry for
further research to explore. First, we have collapsed the myriad of
different existing strategies into three overall approaches — operational
eco-efficiency, resource circularity, and sufficiency. However, promi-
nent research from Bocken et al. (2016) also identified a fourth approach
of extending a product's lifespan. It might be interesting to model this
approach in combination with the others. Second, further research
might explore specific individual strategies from each approach in
combination with others to identify the effect of the dynamics that flow
between them on reducing overall resource use. Third, our model sug-
gests that there are optimal configurations between the different ap-
proaches. We have explored just one in detail, but further research might
help to identify further ideal combinations — and the specific conditions
under which they might be deemed optimal. Finally, to enrich the
explanatory power of our model, further work could unpack what
alternative understandings of key constructs (e.g. sufficiency) could
mean, as well as incorporating some of the established limitations of
resource use: Recycling, for example, is restricted by principles of
thermodynamics that render the infinite recycling of most materials a
utopian concept.

5. Final comments

This theoretical article aims to highlight the value — and opportu-
nities — in taking a collective, combinational approach to reducing
resource use to a more sustainable level. We believe that modelling
different configurations of operational eco-efficiency, circular resource
use, and sufficiency based strategies is an exciting and potentially pro-
ductive way in which to make a contribution to understanding how
sustainable resource use can be achieved. As the problem is accelerating
in its intensity, we hope that other researchers will join us in developing
theory along this trajectory.
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