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RESEARCH ARTICLE

Prime-time access for whom? Rhythms fairness and the dynamic
pricing of infrastructure services
Mikko Jalas and S. Numminen

Department of Design, Aalto University, Espoo, Finland

ABSTRACT
In this paper, we approach a fair and inclusive transition to a circular
economy from a perspective of daily rhythms and illustrate these
concepts using examples from the electricity and transport sectors. The
circular economy discourse endorses sharing and efficiently using
capital assets. To be effective, such strategies further need to manage
the timing of demand. Dynamic pricing is frequently used to manage,
for example, the demand for electricity services and to match demand
with the capacity of production. Congestion charges for road usage
similarly aim to shape peak demand. The economic and environmental
benefits of these schemes have been demonstrated, but the social
consequences remain underexplored. Dynamic prices forge new
everyday rhythms and contribute to “shift consumption” by limited
access during peak demand. We inquire whether, and to what extent,
the existing schemes of dynamic pricing consider issues of equality,
equity and fairness when offering time-dependent and dynamic tariffs,
and highlight the policy implications of promoting a circular economy
with effective and more socially just management of the timing of
demand.
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1 Introduction

The circular economy (CE) refers to a change in how resources circulate and are made use of to
provide for human well-being. The strategies to achieve such aims have been summarised as
slowing, closing, and narrowing material and energy loops (Bocken et al. 2016; Geissdoerfer et al.
2017). Slowing refers to the need to extend the lifespan of products and other assets while
closing refers to the need to keep materials within the economy. Narrowing indicates the need to
streamline the stock of products and tangible assets. In this paper, we focus on the aspect of narrow-
ing and the shared use of products often discussed as the sharing economy (Martin 2016; Hobson
and Lynch 2016) or performance economy (Stahel 2010). Our premises are the following: 1) narrow-
ing is a prominent orientation and potential way of reducing the material demand of provisioning
and 2) the strategies of sharing affect the availability of goods and services and ultimately the every-
day practices that depend on these goods, and 3) these strategies require management of demand
and involve tools such as dynamic pricing. Such strategies, while lucrative for business and the
subject of a large volume of marketing research (e.g. Haws and Bearden 2006; Gibbs et al. 2018;
Aviv and Vulcano 2012), have not been sufficiently elaborated from the point of view of justice.
This is, we suggest, an important gap. Circular economy strategies such as narrowing and making
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do with a smaller stock of products and smaller peak capacity of service production raise questions
as to how demand should be managed, who has access at times of peak demand, and what social
consequences might arise and should be critically monitored in respect to such strategies.

We examine these questions in relation to road infrastructure and the electricity grid. Infrastruc-
ture assets have not been at the core of discussions on sharing. Yet these assets epitomise the aspect
of limited peak capacity. They are also critical to individuals’ functioning in contemporary society.
Furthermore, they bear witness to different ways of managing access: in the past, power grid and
road infrastructure were governed by the logic of increasing capacity to match increasing
demand (Hausman and Neufeld 1984; Vickrey 1963). Space not allowing, more stringent regulation
including vehicle quota systems have also been used (Liu et al. 2019; Diao 2019). In contrast to pre-
vious techniques, the dynamic pricing of electricity and congestion charges for passenger transport
have recently received increasing attention and support (Dutta and Mitra 2017; Faruqui and Palmer
2011; Börjesson, Eliasson, and Hamilton 2016).

The works of literature on transport (Martens 2016) and mobility justice (Sheller 2018; Verlin-
ghieri and Schwanen 2020), as well as energy justice (Sovacool and Dworkin 2015; McCauley
et al. 2013; Jenkins et al. 2016) have evolved to complement the technical management of infra-
structures. They both recognise the significant social implications concerning 1) the distribution
and availability of infrastructure services across space and time, and that these substantial out-
comes are yet just one dimension of justice and need to be distinguished from, 2) the recognition
of relevant differences between users and 3) the procedures of representation of actors and their
interests. Proper deliberation over infrastructures includes questions of who has access to services,
what issues are at stake and potentially compromised, and how and with what policies should dis-
crepancies be addressed (Smeds, Robin, and McArthur 2020). Such processes are prescribed both
to develop a shared understanding of sufficient service levels (Martens 2016) and to account for
the embodied practices and different needs for and abilities of different groups (Sheller 2018; Ver-
linghieri and Schwanen 2020; Smeds, Robin, and McArthur 2020). Finally, when asking what is at
stake, these kinds of literatures stress the overall point that infrastructure services are productive
and performative and thus variation in access to services can accumulate and amplify social differ-
ences over time (Lucas 2012; Bouzarovski and Simcock 2017; Verlinghieri and Schwanen 2020). No
less important, fossil fuel-based service delivery accumulates climate impacts and compromises
climate justice (Sheller 2018).

The justice implications of demand management have thus far been scantily covered (Calver and
Simcock 2021). For electricity demand, Powells and Fell (2019) introduce flexibility justice as a
concept and suggest building bridges across different domains of flexibility. Within the electricity
domain, much of the discussion revolves around the questions of who can or should adjust or do
the work of load-shifting (e.g. Johnson 2020; Torriti and Yunusov 2020). For our purposes, this dis-
cussion nevertheless has a clear shortcoming: it appears that the flexibility justice discussion has
mainly involved first-order (distributional) justice questions of who needs to yield or who has the
capacity to benefit from dynamic pricing, opposed to longer-term processes of, for example, perpe-
tuating pre-existing inequities in society (recognition and procedural justice).

Seeking to set more critical questions, Blue, Shove, and Forman (2020) argue that developers of
demand management technologies misrepresent users and overemphasise techno-economic
rationalities. For mobility justice, the consequences of policies over a modal choice between e.g.
private automobility, fast rail, and bus network have gained visibility (Martens 2016; Verlinghieri
and Schwanen 2020). Being the flexible mobility subject also requires time (Lucas 2012) and
making compromises e.g. over fear and genuine dangers of travel at late hours (Martens 2016; Ver-
linghieri and Schwanen 2020; Smeds, Robin, and McArthur 2020). Overall, these discussions highlight
the tensions between being the ideal flexible consumer of the service of a single infrastructure and
the need for people to participate in multiple overlapping practices of everyday life, each of which
comes with a schedule.
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Through our analysis, we contribute to the sensitivity towards regulating access to services that
are subject to streamlining and narrowing. Such sensitivity, we hope, supports a fairer realisation of
the circular economy. For the debates that have already raised justice concerns over energy and
mobility, we add detail by prompting an inquiry of when and for whom these services are available
or increasingly constrained. We broaden the discussion on flexible pricing schemes beyond the
hitherto focal questions of who or what types of households react or are able to shift their consump-
tion patterns (Torriti and Yunusov 2020), invest in load-shifting technologies (Breukers and Mourik
2013) and draw on various forms of flexibility capital (Powells and Fell 2019) to deal with the unfold-
ing consequences of (not) doing so or (not) having the ability to do so.

Deliberation over flexibility requires new sensitising concepts. We begin by discussing the circular
economy and the strategies of narrowing, and introduce the concepts “shift consumption” and
“rhythms transposition” to better represent the consequences of the dynamic pricing of infrastructure
services. Sections 3 and 4 draw on a literature review on tariff schemes and demand management
trials for household electricity consumption and a small number of operating road traffic congestion
charge schemes. Section 5 summarises key observations of these domains and Section 6 introduces a
set of policy implications for the designers and operators of these schemes, but also for broader
policy processes of following the quest of the circular economy.

2 Circular economy, sharing and dynamic pricing

The circular economy presents a major challenge to reorganising the patterns of production and
consumption. In the following, we uncoil some of the challenges by highlighting how resource scar-
city accentuates the need to share resources over time (section 2.1), how the demand for infrastruc-
ture services derives from interlaced everyday practices (section 2.2), how dynamic pricing of these
services can put forward obtrusive changes in rhythmic patterns (section 2.3) and finally, how circular
economy and resource-sharing raise novel questions of justice as the access to services may get
increasingly patterned and social divisions may unfold according to the timing of consumption
(section 2.4).

2.1 Sharing, Collaborative Consumption and narrowing strategies

The circular economy is a broad concept of rearranging patterns of production and consumption
towards sustainability. Even though relatively scarcely discussed, such reorganisation will both
promote changes in the access to products and infrastructures as well as boost the timing of activi-
ties. In regards to consumption, various schemes ranging from commercial renting services to pro-
cesses of collaborative consumption have been developed under the topic of the sharing economy
(Martin 2016) as strategies to consolidate and “narrow” down the required pool of products (Bocken
et al. 2016; Geissdoerfer et al. 2017).

Across this spectrum, preceding literature has addressed, for example, the emergence and devel-
opment of enabling ICT platforms for sharing (Martin 2016; Zvolska et al. 2019) and motivation to use
the services (Echegaray and Hansstein 2020). Yet resource scarcity and limited access have often
been omitted in the analysis of sharing and access-based consumption (e.g. Bardhi and Eckhardt
2012). If such strategies are to widely transform consumption practices towards sustainability,
more attention should be paid to how the timing of activities might (need to) change, how the
access to shared resources is to be regulated and how consumption is to be coordinated.

The ideas of sharing and collaboration have highlighted the positive aspects of solidarity and
new forms of collective action for sustainable development. These may well accrue. It is,
however, also possible that the sharing economy business models and narrowing strategies may
lead to a commercial organisation of sharing (Martin 2016; Hobson and Lynch 2016) and increas-
ingly place constraints on resource availability limiting access for the socially disadvantaged. Poor
availability, low service level and significant costs of prime-time access may also be a part of
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narrowing strategies in particular in a frame of austerity policies and public budget deficits (Niko-
laeva et al. 2019).

2.2 Everyday rhythmicity

Scholars of time-geography (Pred 1981; Crang 2012) have combined spatial analyses with time.
Accordingly, human action, which unfolds in time and space, results in bands and strips of
time–space (Giddens 1984). Rhythms are established and cemented by dominating pacemakers
but are also frequently co-constitutive (Powells et al. 2014; Blue, Shove, and Forman 2020). For
example, public transport is organised to facilitate the need of commuting but is also a coordinat-
ing entity in itself (Mulíček, Osman, and Seidenglanz 2016). Collective rhythms depend on the
strength of coordinating entities. These entities may be fixed geological patterns such as daylight
hours (Walker 2014), social conventions such as a seven-day-week (Zerubavel 1985), or shops’
opening hours (Kärrholm 2009). The grasp of such rhythms is changing. The rigid schedules of
industrial production may yield to more flexible rhythms (Mulíček, Osman, and Seidenglanz
2016), and it is tempting to profess the desynchronisation of everyday activities and the disappear-
ance of socially organised rhythms. It has been argued that industrial capitalism has evolved
towards flexible accumulation (Harvey 1989), but rather than eradication, the ordering of time
has created new constituencies such as the activities of retail and consumption (Kärrholm 2009).
Indeed, an array of European time use surveys indicate that everyday life remains highly patterned
and rhythmic (HETUS 2021).

Three related interpretations emerge. First, the prevailing shared rhythms provide scope for
demand management to mitigate peak demand and achieve more efficient use of material infra-
structures. Second, the existing patterns of time use bear witness to the stubbornness of the every-
day practices, multiple effects of coordination across entities, as well as the possible trouble and
vulnerabilities that aggressive demand management practices and prices may create. Third, the
strategies of the sharing economy and the shifts from ownership to usership encourage increasingly
flexible engagements of consumers with the commercially owned pool of productive assets. It
appears valid that demand management practices make the flexibility of consumption a new
norm, and lead to a subtle change towards flexible accumulation and profits, which in turn
depend on reorganising the timing of consumption. Such reorganisation, we suggest, can be con-
ceptualised as shift consumption. Similar to industrial shift work, shift consumption rises as individ-
uals are led to take turns in consumption to increase the rates of the utilisation of significant capital
assets.

2.3 Rhythms transposition over narrow resource pools

A high degree of social synchronicity is only possible if critical infrastructures have sufficient capacity
to simultaneously serve large segments of the population. When capacity does not meet demand,
infrastructures get congested, which in a broad sense refers to the coming together of demand in
ways that strain the underlying service systems in settings where people are sharing spaces or
resources without intending to interact. The clearest example of congestion is a traffic jam. A tra-
ditional strategy for coping with congestion has been building additional capacity. Yet, in the inter-
est of narrowed resource pools, shifting demand across time would be more sustainable and
material-efficient.

The scarcity of resources and perpetually destabilised social rhythms of infrastructure service pro-
visions constitute a new form of temporal order: Insofar as one’s consumption directly diminishes the
consumption opportunities of another, streamlined and economised resource pools do not support
social synchronicity, but a layering of rhythms, which transposes and mirrors activity patterns over
the bottlenecks of service provisions. This transposition can be further conceptualised in two ways: 1)
as counter rhythms, which are direct opposites of the prevailing rhythms of prime-time consumption.
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With less polarity, consumption patterns may also simply be 2) dislocated rhythms, which organise
around the constrained slots of service provisions as if they were a spectrum.

2.4 Justice concerns in a rhythms change

Turn-taking, shifts of consumption and rhythms transposition raise several justice concerns, which
can be analysed through the three energy justice tenets (McCauley et al. 2013). The first tenet, dis-
tributional justice, requires that access to services is on a sufficient level across the society. This is
often not the case, and underservice rather couples with other forms of social exclusion and margin-
alisation (Lucas 2012; Martens 2016). One of the outcomes of dynamic pricing will be more variation
in access across time. New questions also include who will be subject to the new rhythms of nar-
rowed resource pools. Evidence suggests that capacity and responsibility for flexible scheduling is
not evenly distributed in society (Torriti and Yunusov 2020; Johnson 2020). It also seems obvious
that aggressive forms of demand management and the ensuing new rhythms of consumption
take a stronger grip on price-sensitive or poor people (Powells and Fell 2019).

The notion of shift consumption relates to a broad concern over social segregation. If the strat-
egies of planning infrastructure access (are to) move from building more capacity to allocating
“turns” in access to infrastructure services, this turn-taking can be expected to reflect social hierar-
chies and power, and have effects beyond the service delivery per se. Solemn points have been
raised that, for example, public spaces may not serve social cohesion if and when co-presence is
limited and occupancy is structured around social class (e.g. Legeby 2013; Netto, Soares, and
Paschoalino 2015). In other words, social segregation and power can be reproduced and enhanced
through the turn-taking of consumption and occupancy of infrastructures.

The second tenet, recognition justice, evaluates what differences among the users are recognised
and held relevant. A rhythms-view complicates this task as well. For example, some energy vulner-
able groups might be more sensitive to fluctuations in indoor temperatures and more in need of
cooling services and yet be simultaneously more fragile in front of electricity price fluctuations. In
mobility justice, threats experienced by marginalised groups such as LBGT and ethnic minorities
limit the flexible use of mobility spaces (Smeds, Robin, and McArthur 2020). Beyond body politics,
recognition of the differences in the cognitive abilities to participate in “dynamic pricing” shall
neither be ignored, because not everybody acts according to economic rationalities, and thus simi-
larly reaps the economic benefits (Ambrosio-Albala et al. 2020). Proper recognition also requires the
acknowledgement of the productive and performative aspects of infrastructure services and how
transportation, but also domestic energy consumption (e.g. Walker 2014; Blue, Shove, and
Forman 2020) are part of the broad, rhythmic arrangement of everyday life.

The third tenet, procedural justice, requires that the decision-making processes concerning the
services are open and grant equal rights of participation. Novel insights might be gained from the
calls to treat infrastructures as commons (Sheller 2018). Infrastructures-as-commons highlight the
need to accommodate and deliberate on different interests, e.g. in automobility and bicycling (Niko-
laeva et al. 2019), but also the multiple scales of justice questions (Epting 2016; Sheller 2018), which
have a bearing on e.g. balancing environmental and social aspects of a just transformation towards a
circular economy.

With this short elaboration of the conceptual apparatus for approaching narrow and constrained
resource pools, rising congestion, different ways of managing demand, and the potential justice
impacts of related policies, we turn to the particularities of the dynamic pricing schemes for electri-
city and road network access.

3 Dynamic pricing of electricity

Electricity networks need to cope with the fluctuating demand of end-use. They also need to increas-
ingly handle the intermittent production of electricity from renewable energy sources. Such
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fluctuation increases the need for both production and transmission capacity. The gap between cus-
tomer (retail) prices and wholesale prices is probably wider in the electricity sector than in any other
industrial sector (Borenstein and Holland 2005). Marginal production costs may vary 100% or more
within a day, but flat pricing does not reveal the situation of customers who continue to over and
under consume at any time. For both economic efficiency and environmental reasons, pricing mech-
anisms that would better reflect the physical production conditions for the customers would be wel-
comed. However, despite the broad attention it has received, with explicit focus of policy, the
governance of electricity infrastructures has not progressed very far in this direction. It also holds
that justice concerns of dynamic pricing are often ignored, particularly when it comes to recognising
the differentiated needs of various customer groups.

3.1 History of dynamic pricing of electricity

The question as to whether pricing could better manage demand has existed since the time of
Thomas Edison and the first central power stations in the US. However, the first proposals of the
early economists regarding testing time-variant prices were largely ignored for almost a century,
as industrialisation, the growth of power production capacities, and the resulting decreases in
unit service costs pushed dynamic pricing off the priority lists (Hausman and Neufeld 1984). In
the late 1970s, in the aftermath of the oil crisis, and due to the US’ new utility act in 1978, utilities
started to introduce rate incentives for electricity users. However, still in 2010, only 1% of US consu-
mers had a time-dependent pricing contract (Joskow and Wolfram 2012). The introduction of
dynamic prices has been faster in countries with a tradition of pricing electricity closer to marginal
costs, like England or the Nordic countries (Joskow and Wolfram 2012; Daniels 1979). Due to the lib-
eralisation of electricity markets and new technical tools becoming available for utilities to load
control (e.g. smart meters), the interest in exploring new pricing mechanisms has grown significantly,
and there is currently a great variety of electricity pricing models in terms of, for example, the
number of daily payable periods, and how prices are determined during these periods (Vardakas,
Zorba, and Verikoukis 2015).

3.2 Dynamic pricing models for electricity end-use

Dynamic pricing models can be divided into four prototypes: time-of-use (ToU) pricing, real-time
pricing (RTP), critical peak-pricing (CPP) and variable peak pricing (VPP) (Correia-da-Silva, Soares,
and Fernández 2020; IRENA 2019). In the following, we present some justice concerns connected
with these models.

From the system perspective, CPP and VPP have the greatest peak-shaving potential. In CPP,
operators can introduce temporary price elevations when the system condition so requires. In
VPP models, the high-price periods are more fixed in advance. Such tariffs have been introduced
in countries with extreme climatic conditions, such as Australia, to try e.g. to moderate massive sim-
ultaneous initiation of air-conditioning devices. Peak charges might be 10–40 times the standard rate
(Strengers 2010). According to its very purpose, CPP forces people to avoid using electricity during
the expensive peak hours which raises worrying questions whether avoiding paying for prime-time
leads to dangerously elevated indoor temperatures among less wealthy users, for example.

The effective impacts of CPP depend on price differences between normal and critical peak hours
and types of users enrolled on the scheme. A case study in the U.S. revealed that vulnerable groups
(low-income, elderly and chronically ill) experienced proportionally similar bill impacts as the non-
vulnerable groups (Cappers et al. 2018). However, more studies on the impacts on vulnerable
groups are needed as many existing studies of dynamic pricing programmes have overlooked this
aspect (FEST 2012).

A popular dynamic pricing scheme in Europe is the ToU pricing, in which the energy price is fixed
for pre-defined periods. Energy is more expensive during peak periods (evenings, typically), and
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cheaper during off-peak and mid-peak periods. ToU pricing models offer a relatively customer-
friendly time-shifting incentive because the pricing rules are simple. Therefore, if customers
possess transferable loads, such as ground floor heaters, electric water boilers or vehicle chargers
at home, or are otherwise willing to shift, they can plan to save money through new behavioural
strategies and energy practices. However, time-shifting is not possible for everybody in practice,
even when they possess transferable loads, and therefore certain vulnerable groups, such as the dis-
abled, might be negatively impacted through a ToU scheme (White and Sintov 2020).

A common feature of all schemes is that in order to reap the benefits, households need to be
more aware of how they consume electricity and of the dynamics of supply and demand in the elec-
tricity market. That is particularly the case with RTP models, where electricity prices vary constantly,
even on an hourly basis. RTP imposes the highest risks, but also the highest rewards of all electricity
pricing models (Faruqui and Lessem 2012).

The assumed unequal distribution of benefits is a general concern raised over any dynamic
pricing model. Many authors consider dynamic pricing to be less suitable for vulnerable people
because of their smaller consumption and equipment range, and consequent lesser abilities to
shift accordingly. A study of an RTP pricing scheme in the U.S. revealed that low-income customers
experienced bill reductions less frequently than average customers for these exact reasons (Horowitz
and Lave 2014). However, a meta-study on real experiments revealed that poor households are not
negatively affected by dynamic pricing (Faruqui and Palmer 2011).

As it is far from evident whether and how individual households eventually pick up price signals in
each market (Gyamfi, Krumdieck, and Urmee 2013; Torriti 2012; Dutta and Mitra 2017), it might not
be justified to rank the pricing models (e.g. in terms of their fairness) per se, but just to raise potential
concerns that their designers should take into consideration. Finding relevant reference points and
user categories also matters (Sharam 2005). One type of vulnerability, for example, often ignored in
analyses of the impacts of dynamic prices is income irregularity, which may be even more relevant
than the income itself. Housing type, dwelling ownership or existence of own production capacities
are also interesting attributes to better understand vulnerabilities generated by dynamic prices.

Lastly, peak-time rebates (PTR) is a modification of other peak-based pricing schemes. PTR has a
flat unit-based price, but in an urgent event, consumers receive an economic reward (price decrease)
if they reduce their consumption. PTR was trialled in New Orleans, US, and exceptional customer sat-
isfaction, particularly among low-income people, was reported (Tweed 2014; US DoE 2014). This
demonstrates that low-income people are not always victims of dynamic pricing, but may some-
times even be active players in such schemes. Yet, PTRs have not been popular. This may be
because PTR models represent the worst revenue stability for operators (Faruqui and Lessem 2012).

4 Traffic congestion charges

The road network is another infrastructure that enables the essential daily functioning of society and
citizens. Similar to that of electricity, road network demand has peaks and consequent congestion.
The pricing strategy, however, is rather different. Even if road infrastructure has witnessed private
investments and access fees (Flanders 2006), for a long time, it has been a common resource, free
of charge. Even when charged, road tolls are often fixed and not dynamic. To avoid congestion,
large cities may set coarse temporal limits of car use, based on licence plate digits (Liu et al. 2019;
Diao 2019).

Since the first proposals to use pricing in traffic management (Vickrey 1963, and J.F. Kain in 1973;
as quoted in Hårsman and Quigley 2010), only a handful of cities have actually done so. Singapore
introduced tolls for city-centre zones during weekday business hours in 1975. The Norwegian cities
of Trondheim, Oslo and Bergen introduced an urban toll ring system in 1980. Stavanger in Norway
adopted tolls in the 1990s, London in 2003, Stockholm in 2006, Valletta in Malta in 2007, Milan in
2008, and Gothenburg in 2013. Many cities (e.g. New York City, Hong Kong, Manchester, and Edin-
burgh) have considered charges but proposals have been turned down due to political opposition.
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In Gothenburg, a strong argument against charges was that the charges benefited not those mainly
paying for them, but people living outside the city as toll charges were planned to be invested in a
tunnel (West and Börjesson 2020). In Singapore, on the other hand, the popularity of the scheme is
suggested to be due to revenues directed towards public transit, which is the dominant mode of
transport in Singapore (Diao 2019). In New York, the lack of any plans on how to use tolls was
one reason for the public to reject the charging scheme in the first place (Chronopoulos 2012).

Where charges are implemented, their rules are rather simple. London has a fixed daily charge
for any vehicle driving or parking in areas liable to a fee between 7:00 and 18:30 on weekdays
(Leape 2006). Stockholm has a flat charge for vehicles crossing the border around the greater
inner-city. Charges are higher during the rush hours of 07:00–09:00 and 15:30–17:30. Some
vehicles are excluded from paying (Hårsman and Quigley 2010). In Singapore, hour-to-hour fees
vary during rush hours, but entry at midday, in the evenings or at night is free of charge. In Sin-
gapore, however, the rush-hour tariffs are subject to changes if the local traffic authority observes
that driving velocities have slowed down too much (Diao 2019). The city centre entry toll in
Gothenburg is similarly ToU priced, and rises during rush hours (West and Börjesson 2020). Val-
letta uses a pay-per-use system that charges for every hour that a car is in the city zone after
the first free 30 min, except for Sundays, public holidays and evenings (Attard and Ison 2010).
Technology enables real-time changing of fees, according to, for example, traffic conditions (de
Palma and Lindsey 2011), but to our knowledge, such mechanisms are not used in practice any-
where. The dynamic pricing of car rental services indirectly contributes to more dynamic pricing of
automobility, but as private ownership of vehicles is (still) dominant, these effects are marginal in
practice.

Charges have been shown to effectively reduce traffic flows. In London, traffic decreased in total
by 15%, and by 18% during chargeable hours (Leape 2006). In Stockholm, traffic flows at different toll
stations decreased by 9–26% during the morning rush hour, equalling a reduction of tens of thou-
sands of cars immediately after the introduction of the toll (City of Stockholm 2006). To study the
alternate rhythms of these arrangements, the impacts of the schemes can and should be disaggre-
gated into a reduction in overall traffic volume, the redistribution of modal choices away from con-
gested modalities, and the rescheduling of transport activities across, for example, daily and weekly
rhythms. Nevertheless, the evidence is scant. The experiences of the Gothenburg scheme suggest
that car traffic over roads subject to fees has decreased throughout the day. However, there is evi-
dence of alternative route planning as well as modal shifts, particularly in commuting (Börjesson and
Kristoffersson 2015).

The distribution of the benefits, i.e. who are the winners and losers in a charging scheme, is an
often-debated question and has been the subject of many analyses. In broad terms, economic
models indicate that dynamic pricing models generally increase social welfare (Chen and Gallego
2019), and there is a strong ethos that the real costs of service provision should be reflected in
prices. In more detail and in terms of congestion charges, the results can be roughly divided into
two: tolls are deemed either regressive or progressive. Eliasson and Mattsson (2006) and Kristoffers-
son and Engelson (2010) simulated the impacts of traffic flows and congestion charges of Stockholm
and found that charges are progressive because high-income people are impacted to a greater
extent. In contrast, in an analysis of charge models in four European cities Eliasson (2016) concluded
that charges are always regressive. This is because lower-income groups pay more in relation to their
income, despite wealthier people paying more in absolute terms. Also, other studies indicate that
low-income groups suffer relatively more. The most vulnerable are probably low-income drivers
who cannot change their routes or travel time but have to drive a car, for example, to commute
during rush hours.

Many contextual factors would require scrutiny to better understand how the burdens of tolls are
distributed. These include access to public transit, work schedules, flexibility, and the spatial distri-
bution of activities (Franklin 2012). Not only work schedules but, for example, care commitment pat-
terns heavily impact an individual’s flexibility, capital and ability to fit in dynamic pricing schemes. A

8 M. JALAS AND S. NUMMINEN



better and more nuanced understanding of car dependency is equally important for justice evalu-
ations of congestion charges. In sum, time value and the income levels that are frequently used
to represent such a value, certainly impact the benefits of fluent, rapid transportation, but such mod-
elling fails to explain and properly take stock of the aspects of and abilities to reschedule one’s need
of transportation.

5 Dynamic pricing of infrastructure services as part of a fair transition to the
circular economy

Dynamic pricing of infrastructure services is one alternative for managing them, only pending and in
many cases complemented with precautions over fair access. However, even if cases and existing
evidence is limited, the impacts of such pricing are worth examining. In the following, we collect
learnings from the reviewed papers and consider the import of the concepts of shift consumption
and rhythms transposition to account for the emerging justice implications of dynamic pricing.

5.1 Electricity and road networks as organising principles for shared rhythms

Electricity and road infrastructures are fundamental for the functioning of contemporary societies,
and their ability to serve simultaneous consumption by many individuals underlies social rhythmi-
city. This is brought into question when demand peaks are managed with tools such as dynamic
pricing. Technology, automation, asset ownership and the business models of service providers
are important for the reach and proliferation of dynamic pricing. For electricity, smart meters
have enabled dynamic pricing beyond simple ToU tariff schemes. Sophisticated technology is also
available for traffic control and congestion charges (de Palma and Lindsey 2011). GPS positioning
and the emerging fleets of automatic vehicles enable the management schemes (e.g. Mladenovic
and McPherson 2016) akin and beyond the respective capacities of smart meters.

The technical abilities of load management create a powerful nexus when coupled with a norma-
tive thrust: flat rates are not optimal for either business revenues or social welfare (Chen and Gallego
2019). The circular economy discourses add the efficiency of materials use and environmental degra-
dation to this list of losses. Hence demand management can and should, normatively, be advanced.
Although this may hold true in aggregate and in the long run, dynamic pricing is not void of justice
concerns. In the following, we return the justice aspects presented in section 2.4 and analyse the
findings of sections 3 and 4 in respect to them.

5.2 Justice aspects of dynamic pricing of electricity and road access

In general, the studies we reviewed are relevant for distributional justice. Many studies regard
dynamic pricing of electricity not beneficial to people with low incomes, because of their smaller
consumption and consequent abilities to shift, and their fewer opportunities to purchase the
devices and automation for load-shifting. Yet, as we stated earlier in Section 3, some studies
refute this, claiming that the majority of users will be better off and have lower tariffs with more
advanced demand response. It also appears that these are first-order impacts. Short-lived test
environments may not capture how people have different abilities to engage in and benefit from
flexible pricing schemes.

Recognition justice calls for recognising divergent perspectives, social, cultural and ethnic differ-
ences and differences in capabilities (McCauley et al. 2013; Sheller 2018). In this respect, there are
several shortcomings. There seems to be very little appreciation for people’s different willingness
and ability to part-take optimisation of timing of use. More substantially, modelling the users
based on income and the derived concept of value-of-time represents them as productive assets.
This has been a pertinent problem of transport planning (Martens 2016) and appears to repeat
itself also in the modelling of demand response of electricity.
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Another recognition failure relates to different abilities and willingness to invest in flexibility
skills and technologies and bear the uncertainty of fluctuating prices. There is evidence that
certain people are not as “active” or empowered for attaining the “full benefit” of the liberalised
market (Ambrosio-Albala et al. 2020). For example, renters, low-income households and people
with lower education levels are less likely to switch suppliers (Schleich, Faure, and Gassmann
2019). In general, it has been found that the willingness to engage in smart grid technology is
gendered (Strengers 2014; Johnson 2020). Regardless of these differences, people may opt not
to act according to economic rationality (Pallesen and Jenle 2018) and strategize over the
timing of everyday life activities, a norm that underlies much of the marketing literature on
dynamic pricing.

For procedural justice, the most pertaining issue is the level of public scrutiny over dynamic
pricing schemes. Uncertainty and lack of transparency have been found to reduce the acceptability
of dynamic pricing (Neuteleers, Mulder, and Hindriks 2017). Private operators in e.g. the transport
and tourism industries engage in revenue maximisation strategies and use pricing algorithms to
expose individuals to a highly dynamic market (Gibbs et al. 2018). We have little evidence of pred-
atory pricing of electricity and road access, both of which are either publicly provided or heavily
regulated. Concerning transparency the cases, however, are clearly different: road congestion
charges, with democratic decision-making processes and citizen ballots (e.g. Graeme 2015), epitom-
ise transparency and how alternate rhythms and the shifts of consumption might best be processed
and decided upon.

5.3 Shift consumption and rhythms transposition around congested infrastructures

In Section 2 we introduced notions of shift consumption and rhythms transposition. These concepts
aim to grasp how collective rhythms form and disintegrate partly due to the capacities of infrastruc-
tures to provide services. The evidence we have reviewed in previous sections of this article reveals a
stickiness in the rhythms: traffic congestion charges appear mainly to have promoted shifts in modes
of transportation (which also appears to have been one of the chief planning criteria) and reduced
demand for transportation rather than shifted the timing of car use. In Stockholm and London, the
tolls were introduced with a simultaneous increase in the number of buses and bus lines; in Stock-
holm park-and-ride stations were also constructed (Green, Heywood, and Paniagua 2020). Hence,
while successful congestion schemes appear to have improved the overall service level, the resche-
duling of demand and the related justice issues remain largely untapped and unexplored in these
schemes.

For electricity consumption, changes in the timing of demand relate more to automated devices
such as laundry and less to activities such as cooking and mealtimes. These aggregate results, which
often draw from relative short test periods, may nevertheless hide effects that take time to develop.
A rhythm transposition will also depend on the granularity and exclusiveness of activities. Holidays
and offerings of the tourism industry may strictly be in weekly packages, and off-season packages
may demarcate from the prime-time weeks of, for example, school holidays. Domestic energy con-
sumption, and even commuting, are more fluid entities that might disperse and dilute in time, rather
than organise into consecutive shifts of consumption.

What, then, is prime time? When are alternate rhythms forced on individuals oppressively? Are
there shadow rhythms, and are they to be found next to congested infrastructures? On the other
hand, can shift consumption help build new identities? These are questions that we raise as calls
for future research. Powells and Fell (2019) tentatively point out that flexibility justice should recog-
nise that e.g. shift work can produce alternate rhythms, which may also help individuals avoid con-
sumption peaks. Yet, we also share their concerns. Hours of daylight and seasonality are the
stubborn essence of human rhythms (Walker 2014). The social consequences of working in shifts
were beyond the scope of this article but might provide an illuminating starting point for the
study of consuming in shifts.
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6 Policy implications

In this section, we examine the conditions and tools for promoting demand response in ways that
reflect the criteria of just transitions towards a circular economy and broaden these discussions
beyond the management of the electricity and road networks.

6.1 Business practices and the acceptability of dynamic pricing

Dynamic pricing is not a novel business practice. Auctions, down-marking, price campaigns and
product rebates are widely used and well known. Yet it is the dynamic pricing of access-based con-
sumption and service offerings that are of interest to the alternate rhythms. First developed for the
aviation industry services, extreme dynamic pricing of services is increasingly used in e.g. car rental
and tourism industries (Gibbs et al. 2018). The pricing schemes of the aviation, hospitality and rail
industries are confidential and most likely highly automated. Thus, consumers face fluctuating
prices with only a scant understanding of underlying reasons or logic. Anecdotic evidence circulates
that, for example, flight ticket prices go up if one repeats a search. Probably for good reason, con-
sumers think that dynamic pricing is predatory and that the economic benefits that accrue from it
will not be fairly distributed.

Business practices for circular economy hence need to promote transparency in dynamic pricing,
including a better understanding of the limits of supply. Some limits, such as the capacity of the road
network, are very tangible. Others need to be explicated. User-friendly access to publicly available
production and consumption data on the Nordpool electricity market (Svenska Krafnät 2022) pro-
vides an example for creating shared understandings of capacity limits and displaying the power
grid as if a commons.

Parallel to efforts to make supply constraints more approachable and public, the management
practices of dynamic pricing of infrastructure services might do well to highlight the economic
and environmental cost of capacity (increases). As Epting (2016) points out, for transportation
justice this includes a proper account of, for example, the investments in concrete and steel that
are made in the highway system. For electricity, this implies a candid account of the current use
of fossil fuels to ramp up power plants for peak time capacity.

More research is needed on the acceptability of dynamic pricing. Neuteleers, Mulder, and Hindriks
(2017) investigated people’s perceptions of different electricity tariffs from fairness perspectives, but
dynamic pricing was only one of these. Other evidence (Alexander 2010) suggests that PTR schemes
should be trialled; when people are compensated for altering their consumption patterns and post-
poning and withdrawing from their right to access infrastructures, a new logic to usage is introduced
alongside new rhythms. PTRs hence make demand response far more visible than the automated
means of load-shifting. Automation is of course needed to reach volumes and to reduce the cogni-
tive toil of demand response, but explicit engagement in altering rhythms is equally needed and, we
argue, more transformative.

6.2 Unfolding policies of dynamic pricing

High-level regulatory bodies, including the European Union (EU 2019) and many countries require
that cost-reflective electricity pricing models and other demand response mechanisms are also
offered to residential customers, because of their uncontested economic and environmental
benefits. Pricing consumption more dynamically is argued to be more socially just than universal
flat pricing, because flat rates allocate high costs to everybody in the form of high energy prices
and infrastructure costs. However, this claim is conditioned by the three elements of justice. Particu-
larly for distributional justice, the congestion charges indicate that ear-marking revenues to improve
services for less well-off social groups or sharing the benefits widely in the society is conducive for
legitimacy.
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The threat that dynamic pricing might pose risks for vulnerable consumers,in particular, is prob-
ably a key reason why regulators have generally been rather cautious in pushing dynamic prices.
Despite many studies having shown that low-income people, for example, are not particularly
impacted by dynamic pricing schemes (Faruqui and Palmer 2011), not many countries have set con-
crete obligations for, for example, utilities to boost dynamic price contracting. In Spain, dynamic
pricing should be made the default option for customers (Fernández et al. 2017). However, these
policies require that customers must always have the choice to opt out.

Bill instability is a risk of dynamic pricing, of which especially poor consumers are suspicious. From
this perspective, more suitable models for real-time pricing are ToU and PTR (Alexander 2010). Due
to the importance of bill stability for many vulnerable consumers, billing mechanisms that balance
monthly variations in invoices are proposed as an option (Borenstein 2013). However, it is rec-
ommended that vulnerable people are always considered separately when designing new pricing
tariff schemes, as this is a very heterogeneous group (Trotta, Gram-Hanssen, and Jørgensen 2020).

Policies on congestion charges face different concerns. Some governments have been politically
unable to propose locally suitable roadway usage pricing models with sufficient consideration of
social justice and redistribution effects (Hårsman and Quigley 2010; Chronopoulos 2012). The Pro-
blems in gaining public acceptance for charging for a hitherto free infrastructure is probably the
reason why only a few cities have introduced tolls. Yet congestion charge success in cities such as
London and Stockholm suggests that there is scope to promote such schemes. Whether these
schemes alter not only the mode but also the timing of commuting will depend on the rigidity of
other institutional schedules such as working hours. On a general level, fair schemes of dynamic
pricing should consider how other institutional arrangements and connections between different
infrastructures, e.g. the charging of electric vehicles, enable or prevent alteration in the timing of
consumption.

Legitimate needs for access to infrastructure services constitute expectations for appropriate
planning. Planners and policymakers will need to arbitrate between efficiency of financial and
material investments and abilities to serve peak demand, enable prime time consumption and
bring about social inclusion. Another, more complex and opaque area of policies and planning
decisions arises if the pricing and availability of infrastructure services are viewed from the perspec-
tive of social segregation. Several prominent policy questions relate to segregation, such as urban
planning, access to education, equal opportunities at work. It is not clear whether and how the
issue of the divergence of shared social rhythms due to the dynamic pricing of infrastructure services
should be included in these considerations. Co-presence scholarship (Legeby 2013; Netto, Soares,
and Paschoalino 2015) seems to offer a way forward to integrate rhythms issues and the emerging
turn-taking in infrastructure access with the spatial concerns of social segregation.

6.3. Dynamic pricing, sharing and the circular economy

We have argued that rhythmicity should be recognised as an aspect of promoting the sharing of pro-
ducts and the overall narrowing and streamlining of resource use. There are a number of ways to
take this suggestion further. The facilitation of alternative rhythms of consumption could, for
example, be added to the recent conceptualisations of the strategies of cities to promote the
sharing of resources (e.g. Zvolska et al. 2019; Palm, Södergren, and Bocken 2019). Through insti-
tutional attention to synchronisation and the diversity of rhythms, off-peak consumption could
foster a fair transition to a circular economy and avoid the threat of new forms of marginalisation
and segregation.

The ways in which the sharing of products and other capital assets could and should be organised
to pursue the goals of the circular economy are diverse, and result from different political priorities.
The sharing economy appears to evolve more from commercial ownership and organisation, and
less from communities of sharing (Martin 2016; Hobson and Lynch 2016). The dynamic pricing
models that we have discussed obviously relate to the business and management aspects of
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private ownership and to operating a “fleet of products”, but they also involve public control of
demand management. As mentioned above, companies engaging in dynamic pricing in ways that
resonate with circular economy pursuits would probably benefit from greater transparency in
pricing schemes.

The rhythmic aspects of circular economy offerings also resonate with the calls to alter and comp-
lement the prevailing rationalising, ecomodernist discourses of the circular economy and sharing
(e.g. Hobson and Lynch 2016). Dynamic pricing may be approached as a question of optimisation
of delivery and a rational approach to matching supply and demand. However, evidence suggests
that people are diversely capable of responding, and actually respond in unexpected ways to the
economic incentives created by dynamic pricing. A fair transition to a circular economy should
recognise the limits of techno-economic rationalities and the practical obstacles for demand flexi-
bility, exemplified e.g. by the COVID-19 restrictions. Insofar as flexibility is a norm, those who are
attached to rigid schedules or are otherwise not flexible, face a double burden: the financial cost
of inflexibility, and the social cost of breaching the norm. To mitigate such negative distributional
impacts of the circular economy, we highlight the need to consider the flexibility of demand as a
socially stratified and broadly constituted institutional arrangement. Digging even deeper, circular
economy design and realisation need to have plural understandings of the constituting role of
rhythms for identities and social groups. This is not to say that new identities cannot form around
the new shifts of consumption that occur at the fringe of peak consumption and make use of
excess infrastructure capacity during the idle periods of the dominating rhythms.

For consumption scholars, circular economy discourses highlight resource scarcity as an organis-
ing principle. The scarcity of resources implies strict limits on capacity and on consumption which
depend on shared infrastructures. These scarcities or bottlenecks can be thought of as consumption
prisms. They do not necessarily imply a mirror image or a transposition of everyday life patterns, but
rather a more fine-grained redistribution of the timing of activities. Moreover, it is unclear whether
and how economic capital will be reflected in temporal reorganisation. There are many reasons to
assume that a lack of economic resources may coincide with a lack of flexibility. These include
non-flexible working hours, limited abilities for remote work, a lack of capital to invest in automation,
and a lack of training and experience in economic rationality. From the viewpoint of a fair transition
to a circular economy, dynamic pricing and the transparency of capacity limits should prompt critical
examination of overall demand as well as novel and fair ways to organise sharing and practice alter-
nate rhythms.

7 Conclusions

In this paper, we have suggested that the discourses and practical outcomes of the circular economy
should be viewed from the perspective of shared social rhythms and the timing of everyday prac-
tices. The environmental benefits of the sharing economy depend on whether sharing can be organ-
ised in a streamlined manner and whether resource pools can be narrowed down. Yet this implies
that access to products and services needs to be regulated, and consequent questions over fairness.
Dynamic, time-varying pricing schemes are a dominant model to forge demand response. Using the
electricity grid and road network as case examples, we reviewed documented demand management
practices and their rhythmic consequences. The evidence suggests that both service providers and
consumers hesitate to engage in the dynamic pricing of services. Thus, both the environmental and
social benefits as well as the justice outcomes are only pending.

The reviewed literature points out that the trials of the dynamic pricing of infrastructure services
have mostly rested on technological means and economic incentives. This, we suggest, is a failure of
recognition justice. Thus, we introduced the concepts of shift consumption and rhythm transposition
to offer descriptive tools which we also hope signal pending issues of social justice. Reshuffling con-
sumption opportunities to reduce the need for infrastructure capacity will intervene in the function-
ing of individuals, cause temporal dislocations, and alter social relations much in the way of shift
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work. The key precondition for social justice in such arrangements is to account for the broad con-
stituency of flexibility and social rhythms.

We aimed to create a more transformative understanding of the circular economy, and to signal
issues that require attention in order to capture the social conditions and consequences of such
transformations. Whether the circular economy discourses and politics should promote shift con-
sumption and how best to account for the heterogeneous effects of such schemes on the participat-
ing people will be a perennial question, as scarce environmental means are organised to meet a
legitimate need for services.
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