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Abstract: Popular, industry, and academic attention is increasingly being paid to Electrically-Assisted Pedal
Cycles (EAPCs), also known as electric bikes, or e-bikes. Attention has also begun to be given to ideas of the
electric bicycle as a component of “electric velomobility” or “e-velomobility” and to the particular benefits of
electric bicycles over conventional bicycles. We present here the effects of EAPCs on the tangible quantitative
levels of greenhouse gas emission reductions, increased mobility performance, and greater accessibility of
cycling; and the intangible qualitative level of perceptions of electric cycling and those who engage in it,
harmonized with transhumanist lines of thought in order to articulate a sociotechnical imaginary of the electric
bicycle as an augmentation to a cyclist’s physical body. Through a combination of original research and
drawing on prior literature, we articulate the idea of a “cyborg cyclist” as a vision for present and future e-
velomobilities, and emphasize the ability of appropriate technology to augment the capabilities of cyclists,
viewing rider and machine as a single unit, while also warning of the possible risks of inappropriate types of
electric bicycle. Such a view, we believe, adds a much-needed technology-positive view to present debates, and
highlights especially the ability of the EAPC as a rehabilitative and augmentative mobility tool, and as a means
of displacing more carbon-intensive means of transportation, particularly the private car.

Keywords: velomobility; e-velomobility; bicycle; EAPC; e-bike; transportation; sociotechnical
imaginary

EAPCs and the Mobility Status Quo

Responding to climate change requires a fundamental rethinking of present mobility realities,
and our associated mobility imaginaries (Stoddard et al. 2021, IEA 2023). In particular, such
rethinking should involve developing visions that further the displacement of the private car, which
is energy-inefficient, wasteful of space, and remains heavily reliant on fossil fuel use, despite efforts
made towards electrification (Braun & Randell 2022, Hawxwell et al. 2024). Part of this response, we
suggest, should take the form of the electric bicycle, or e-bike. The electric bicycle is not a new
invention, with roots dating back approximately to when bicycles first existed (Bolton 1895). Notable
efforts in the past to produce what would today be classified as Electrically-Assisted Pedal Cycles
(EAPCs) have occurred, in particular the efforts of the late Sir Clive Sinclair with the Sinclair C5, Zeta,
and Zike (Dennis & Urry 2009, Ch. 5), however, these efforts at the time failed to achieve significant
popularity, owing to technical limitations and a lack of public acceptance (Currie 2018). In short,
EAPCs consist of a conventional bicycle with the addition of an electric powertrain that acts to
augment the muscle power of the rider. Under EU law, the rider must provide at least some assistance
to the motor, throttle controls are disallowed, and the maximum assisted speed is limited to 25kph
(Regulation EU 168/2013). With lithium-ion battery technology becoming affordable and
commonplace, the EAPC has seen significant growth in recent years, and accounts for, overall, a
significant plurality of all bicycle sales, and in some locales, an outright majority.

We consider the EAPC here in particular. EAPCs share many of the advantages of conventional
bicycles: embodied energy and energy consumption are low, resource demands are modest, and as
the rider must contribute at least some of the tractive effort required, the exercise benefits of
conventional bicycles also largely remain. It is this last point which we seek here to further explore.
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EAPCs are not mopeds, as by law the motor cannot operate without muscular power from the rider.
EAPCs are also not conventional bicycles, as they possess a motor, and derive some (if not most) of
their tractive effort from it. Ergo, the EAPC may be thought of as an assistive, or indeed, augmentative
technology (Mitterwallner et al. 2021).

Extensive prior work has outlined the social benefits of cycling, in particular as part of “large-
scale velomobilities” (Behrendt 2017) or as a mechanism for challenging the dominance of
automobility (Cox 2022). Much of this work has noted in particular that the bicycle is a considerably
more “social” and “personal” mode of transport than others, with the role of the machine being much
less intrusive than for other modes, such as car travel (Monga & Sadhukhan 2023). This leads
somewhat logically to a view that “man and machine are one” when it comes to cycling. When it
comes to EAPCs, this view should take into account that an EAPC provides assistance to the rider
through technological means. This brings us to transhumanist lines of thought. Transhumanism, in
short, is a desire to augment the capabilities of human beings through technological means (Hopkins
2012, McDonald 2018). In popular culture, this often takes the form of a replacement of existing body
parts with mechanical replacements, cybernetic implants to augment the natural functions of the
brain, and so on. The implication is that such augmentation is fundamentally invasive, often leading
to a negative framing of transhumanist ideologies and, in popular terms, a sentiment that cybernetics
may “eat your soul” and detract from a fundamental sense of humanity (TV Tropes 2024).

We take, however, a more agnostic view; that augmentation need not be invasive, and is not ipso
facto anti-human, in the sense that it may subsume or outcompete our own inherent humanity.
Rather, we take a view that augmentation can positively extend the abilities of humans, leading us
naturally back to the EAPC. Our framing of the EAPC as specifically an “augmentation” extends from
the fact that, while electrically assisted, it requires human input to operate. The EAPC then extends
and transforms this input into a more powerful output with the assistance of an electric motor. We
find a term from a popular account describing the sensation of pedaling a mid-drive EAPC with a
torque sensor to be useful: a that the rider has “bionic legs” due to the close level of biomechanical
integration and feedback such a setup produces (Volt Bikes 2022). We, thus, argue that this
augmentative understanding could lead to a useful and technology-positive view of EAPCs and their
riders as, in totality, a “cyborg cyclist” capable of both exceeding the capabilities of regular cyclists,
and displacing the use of the private car by augmenting the capabilities of an organic human to the
extent that the relative utility of the private car versus such a “cyborg cyclist” is effectively
diminished.

An Accepting Stance on Cyborgs

Of significant concern to us is a theme repeated often in present literature that seemingly takes
a stance that “more technology” is ontologically a negative phenomenon (Stoddard et al. 2019), and
that a “degrowth” mindset pulling us away from technological visions of the future is required (Cox
2022). We see this in particular in the field of transportation, where nebulous ideas around
“technology” and “techno-fixes” can be framed negatively, and as drivers of climate change
(Kronenberg et al. 2024, Te Brommelstroet et al. 2022). While we are sympathetic to critiques of
needlessly wasteful consumption of energy and a possible tendency towards techno-fetishism
observed in prior literature, particularly literature utilizing the “degrowth” idea apropos of climate
change, we feel it is important to highlight the potential positives of greater adoption of technology,
where such technology may be considered appropriate, and indeed, not in itself incompatible with
elements of degrowth thought. The term “cyborg” is defined as “a term blending the words cybernetic
and organism [...] to describe a human being whose physiological functions are aided or enhanced by artificial
means” (Britannica 2024, Clynes & Klein 1960). More broadly, this idea of a “cyborg” is itself
positioned within a wider area of transhumanist thought, aiming to improve human capacities
through the application of technology (Hopkins 2012, McDonald 2018), with a specifically positive
vision of the future arising from such applications (More 2023). Transhumanist ideas have not been
without critique, on both ethical and scientific bases (Galibert 2020).
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Our use of the term “cyborg” is, in part, a deliberate exercise in provocation; empirically, the
idea of becoming a “cyborg” has been observed previously as a cause for significant ambivalence.
Apropos of the acceptance of another form of augmentation, a neural implant, a split of 33.5% who
were ethically in favor has been observed, with 26.9% against, and 39.6% ambivalent (Reinares-Lara
et al. 2018). While by no means comprehensive, this specific example does indicate that the idea of
“becoming a cyborg” and thus attaining a “transhuman” state through such means is one in which a
definitive answer on the acceptability thereof has yet to be reached. Considering that the EAPC
effectively augments the capabilities of a human being, we wish, thus, to present a positive vision of
what “becoming a cyborg” may mean apropos of ongoing problems of mobility in the built
environment, as a desirable sociotechnical imaginary of urban cycling offering a potential solution to
problems of high-carbon mobility through the philosophical lens of human augmentation.

The Cyborg Cyclist as Sociotechnical Imaginary

Again, we wish to stress that we consider the idea of a “cyborg cyclist” from an essentially
technology-positive standpoint. Ergo, in the words of Jasanoff and Kim (2009), we consider this vision
to be a positive and desirable vision, rather than a negative and frightening vision as the word
“cyborg” may sometimes imply. We, thus, formulate a sociotechnical imaginary of “cyborg cyclists”
as a desirable state. Through the appropriate application of technology, we offer a vision where the
limitations of normal human biomechanics are overcome; where energy consumption is overall
reduced; and where health and fitness are furthered by the application of technology, rather than
hindered. We further suggest that stakeholders, particularly at the state level, should consider
acceptance of such a vision, and to use the apparatus of the state to promote it. Nonetheless, we are
not blind to the risks of (mis)application of technology, as Jasanoff and Kim (2009) suggest should
also form part of such an imaginary:

“[Sociotechnical] imaginaries are instrumental and futuristic: they project visions of what is good,
desirable, and worth attaining for a political community; they articulate feasible futures. Conversely,
imaginaries also warn against risks or hazards that might accompany innovation if it is pushed too
hard or too fast.”

-Jasanoff & Kim 2009, p.123

The risks we see specifically are a risk that the technology of electric cycling becomes a
substitution rather than an augmentation - our use of the word “cyborg” is directly tied to this risk,
since a cyborg is, in our conceptualization, a symbiosis of the human and the technological, rather
than the latter being parasitical. In terms of positioning the “cyborg cyclist” we consider the work of
Peter Cox (2022), and the concept of “velomobility” as an alternative to the dominant system of
automobility. In effect, velomobility is an antithesis of automobility, in that automobility is
hegemonic (Urry 2004, Cox 2022), dangerous to human life (Miner et al. 2024, Braun & Randell 2021),
and dangerous to the stability of the climate system (IEA 2023).

In the broadest sense, velomobility refers to mobility centered on cycling as mobility mode.

Although the specific conceptualization thereof differs, this provides useful limiting bounds for
what the “cyborg cyclist” can and should be, and thus, what the imaginary thereof should promote
and caution against. In essence, the “cyborg cyclist” should be an extension to the practice of cycling,
not a displacement of cycling. We thus consider our work as, essentially, building on the idea of “e-
velomobility” from Rérat (2021), as an extension of velomobility itself, defined loosely as the systemic
use of bicycles for mobility (Behrendt 2017, Eccarius et al. 2021). This has informed our focus on the
EAPC, and, specifically, the European Union definition thereof.

The EAPC is usually faster than a non-electric bicycle, but not so fast that it is significantly more
dangerous than a regular bicycle (Regulation EU 168/2013). It offers assistance, but cannot be
operated without at least some mechanical input from the rider. Ergo, the EAPC occupies a particular
point of balance: it is an augmentation but not a full replacement for human muscle power. It is an
assistive aid that does not also expose the rider to excessive risk. Thus, the content of our imaginary
is best summarized as the electric bicycle in symbiosis, both with the human rider, and with the wider mobility
context and we seek, specifically, to caution against the use of electric bicycles with throttle controls
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(which require no muscular input and thus deliver no exercise benefits); with excessively high top
speeds (with the attendant dangers thereof for both the rider and others around them); and to avoid
the risk of the electric bicycle becoming hegemonic vis-a-vis other users on cycle infrastructure by
deviating too far from the performance profile of a regular bicycle (which, we suggest, pushes them
towards the problems of the car and of automobility).

Of particular note for us is the work of Cherrington and Black (2023) on the electric mountain
bike (eMTB) as “pharmakon” - a term borrowed from Greek, which can mean a cure, a poison, or a
scapegoat. Cherrington and Black (ibid. p.1001) note that the nature of the eMTB is a further
development of an already contested mode (mountain biking), and may be, depending on specific
individual usage and social parameters in given environments, either viewed positively or
negatively. Our definition of a sociotechnical imaginary for the EAPC follows in this vein, albeit with
a more theoretical, rather than practical, focus. We therefore set out a desirable future of the “cyborg
cyclist” as an expansive mobility solution, and caution against an undesirable future where the
mechanical element risks repeating the same failings (lack of exercise, danger to self and others,
hegemonic positioning within mobility) that private cars, as part of a system and imaginary of
automobility, has been noted for (Urry 2004; Braun & Randell 2022). We will detail this vision in
practical terms in the following section.

Three Aspects of the Cyborg Cyclist

We view the “cyborg cyclist” as consisting fundamentally of three key aspects: Efficiency,
Augmentation, and Accessibility. For each of these aspects, we draw data from prior work and
appropriate primary sources in order to illustrate their contribution to the imaginary. The aspects are
explored insofar as to provide a “sanity check” and indicate that it is plausible to form such an
imaginary along these given lines. Ergo, our work for this section seeks to answer the questions of
the contribution of the cyborg cyclist imaginary in a purely Boolean (true or false) manner, and our
figures and calculations should be taken as indications of existence and of plausibility for this imaginary
and not as comprehensive and definitive statements based on exhaustive quantitative data. We therefore
wish to take the opportunity to welcome deeper empirical exploration on each of the three aspects
detailed below.

Efficiency: Reduced Energy Consumption

To explore the plausibility of this first aspect, we utilized prior empirical data on electricity
emissions for two reference modes, one low-emission and one high-emission; in addition to prior
empirical data on the emissions intensities of four different common diets. We, further, considered
prior empirical data on the embodied energy of regular bicycles and EAPCs (ITF 2024). We
considered an omnivorous diet, a pescetarian diet, a vegetarian diet, and a vegan diet for the human
nutritional component (O’Malley et al. 2023); and we considered electricity from nuclear power, and
electricity from lignite-fired coal plants in order to provide a useful upper and lower bound for
possible carbon intensities of electricity (UNECE 2022). In the real world, power grids are a mix of
sources, but by taking these two extremes, we can indicate that the EAPC range for real-world
electricity supplies falls somewhere between these bounds.
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Effects of Diet and Electricity Source on Emissions

For 250W at-wheel power at 25kph. 250W for Electric Only EAPC. 125W for EAPC Assist
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Figure 1. Plotting energy consumption for regular bicycles versus EAPCs, with different electricity
sources and different dietary types considered. See Appendix I for data tables, calculations, and
sources. N.B! THIS GRAPH IS AWAITING CORRECTED CALCULATIONS! AT THIS PREPRINT
STAGE IT IS AN INDICATION!

The above chart has been created to illustrate the difference in emissions (gCO2eq) between a
regular bicycle, and a cyborg cyclist utilizing an EAPC. We have performed these calculations on the
basis of primary energy: ergo, total conversion efficiency for human muscle power (~25%)! from food
energy, and for the electric drivetrain of an EAPC, assuming similar efficiency to other electric
vehicles, and including charging losses and transmission losses (~70%) (ORNL 2011), and embodied
energy of a regular bicycle and an EAPC respectively. What can be immediately noted is the strong
influence of diet on overall emissions: a vegan cyclist on a regular bicycle produces fewer emissions
per kilometer than an omnivorous cyclist on an EAPC. However, when compared like-for-like, the
effect of the cyborg cyclist on emissions can be seen to a negligible-to-modest degree with a vegan
diet, and to a very strong degree with an omnivorous diet. The cyborg cyclist produces fewer
emissions in all assisted scenarios. Notably, if an EAPC is ridden as a regular bicycle (with no
assistance), the situation is inverted: due to the additional embodied energy of an EAPC versus a
regular bicycle, the emissions are higher than that of a regular cyclist on a regular bicycle. We use the

! Present literature appears to contain a distressing lack of clarity apropos of the efficiency of the human body
in converting food energy into useful mechanical output. Davis (2018, ch.80) gives 20% efficiency. Hill (1922)
calculated it at 25% efficiency. Kumar-Patel & Rajput (2021) give 30% as the upper limit. We have thus decided

to split the difference and assume 25% efficiency.
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above to demonstrate that the “cyborg effect” apropos of emissions per kilometer is nonetheless
apparent.

At least some reduction, ranging from negligible to very strong, is observed across all scenarios
where the electric assistance of an EAPC is active, indicating the symbiosis of human and machine
power in these scenarios. However, we must admit that this simple “sanity check” analysis does not
take possible confounding factors into account, and further, is limited by the scarcity of available data
on thermodynamic efficiency of the human body. Previously noted is that EAPC riders tend to ride
further and ride faster and ride more often than users of regular bicycles alone. While the “cyborg
effect” is apparent when comparing exactly like-for-like, kilometer-to-kilometer at the same speed (in
this case, an assumed combined at-wheel power of 250W; at an assumed speed of 25kph), this,
arguably, does not reflect real-world conditions. The full articulation of these confounding factors is
beyond the scope of this paper, however, is fertile ground for future exploration. Nonetheless, we
seek to address this at least partially by noting the increased ability of the EAPC to displace travel by
car, versus the conventional bicycle, given the augmentative ability thereof, which boosts the raw
capabilities of a typical human rider to a level where competition with the private car (and by
extension, with automobility) is not only plausible, but has been observed to occur in practice. This
will be explored in the following section.

Augmentation: Expansion without Domination

Critical to the imaginary of the Cyborg Cyclist is that the relationship between rider and machine
should, fundamentally, be symbiotic. Before we consider what the Cyborg Cyclist is in greater detail,
it is worth considering first what the Cyborg Cyclist is not. Briefly, a Cyborg Cyclist is not:

- Avregular cyclist on an unassisted bicycle. While the bicycle itself could be argued to perform
the role of transhumanist technology itself, and represents a substantial efficiency gain over
walking in most scenarios, all the mechanical power to drive an unassisted bicycle comes from
the rider. Thus, we consider this combination to be purely human effort.

- A rider of an electric scooter, electric moped, or other similar micromobility devices where
human power to produce motive effort is not present, or is present to such a degree that the
contribution thereof is negligible. For example, we would not consider the case of a rider of
an electric bicycle where spinning of the pedals alone drives the motor (cf. fatbikes and speed-
pedelecs), since these commonly allow the rider to gear down, spin the pedals, and allow the
freewheel to overrun, contributing no tractive effort, but activating the motor.

The above presents two extremes within the same domain: one where the cyclist contributes all
of the tractive effort, and one case where the rider contributes no tractive effort. The Cyborg Cyclist
thus sits in between these two extremes, where the electric assist is present, but it is not present to
such a degree that the cyclist’s own power is irrelevant. Critical to the Cyborg Cyclist is that the
benefits of cycling are retained: as prior literature has noted, the adoption of EAPCs in particular has
produced a rebound effect: riders of EAPCs ride further, faster, and more often than riders of
unassisted bicycles. The rebound effect, simply put, is where the greater efficiency of a given activity
leads to more of that activity being carried out. Given the calculations in the Efficiency aspect, this
may appear to be in conflict with the goal of reduced energy consumption. However, we argue that
this is not the case. While it is true that a comparison between a regular cyclist and a Cyborg Cyclist
purely on the basis of emissions from the cycling activity may indicate higher overall energy
consumption (and thus, greenhouse gas emissions), in spite of the increased efficiency on a per-
kilometer basis, we argue the augmentative effect of the Cyborg Cyclist renders this comparison of
lesser importance.

Of greater importance is the effects that the Cyborg Cyclist generates outside of the realm of
cycling itself: in particular, the displacement of car traffic. Observed in prior literature is that adopters
of EAPCs tend to drive less (Yin et al. 2023), avoid the purchase of a second car, and in some cases,
abandon car ownership outright (Jones et al. 2016, Soderberg et al. 2021). While some scholars in the
field of transportation research argue (not without basis) that regular cycling is also capable of such
displacement of driving, we argue, in contrast, that the expanded capabilities of the Cyborg Cyclist
are more suited to such displacement. In this way, we align ourselves substantially with Rérat (2021)
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in his positioning of e-velomobility as an “extension” of the practice of cycling. As the Cyborg Cyclist
expands the capabilities of cycling, it thus pushes the act of cycling more into the domain of the
private car, allowing it to compete more effectively. Further, while it may be argued that the
encroachment of the EAPC into the realm of the conventional bicycle is an unwanted negative effect
(Kroesen 2017), we argue that the increased thermodynamic efficiency of the EAPC, as discussed in
the first aspect above, negates this, conditional on such use meeting the standard that the human ride
still contributes a non-negligible proportion of overall tractive effort.

This conditional element is one we consider crucial: as Nikolaeva et al. (2019) have noted, there
exists at least a partial trend towards a potential “automobilisation” of cycling through application
of smart technologies. While Nikolaeva et al. (2019) are primarily concerned with literature on
infrastructure and safety aspects, we concern ourselves with a desire to avoid the full displacement
of human energy with electrical energy via electric assist technology. While, as discussed in the
efficiency aspect, electric drive is like-for-like more efficient than human drive, the total substitution
of human energy for electric energy not only carries significant health penalties through replicating
the physical inactivity inherent to automobility (Miner et al. 2024), but also, we suggest, leads to such
“automobilisation” via the full replacement of human motive power with mechanical motive power,
much like that of the engine of a car. As Urry (2004) notes, automobility does not, despite the name,
require the use of a car for mobility. A simple substitution of cars for electric bicycles that do not fall
within the Cyborg Cyclist envelope would, while alleviating some problems of automobility (e.g.
energy consumption), leave others unchallenged (e.g. physical inactivity).

Regardless, we argue that a fixation on the possible downsides of technology in cycling (i.e. the
EAPC) versus conventional bicycles misses a major point, which is the increased capability of the
Cyborg Cyclist to compete with travel by car (Rérat et al. 2024). Such increased competition may well
lead, overall, to reduced emissions in the transportation sector (Philips et al. 2022). Cars, whether
powered by fossil fuels or by electricity, are large, heavy, and energetically inefficient, both in
manufacture and in use, and their contribution to climate change is a well-established fact (Urry 2004,
Braun & Randell 2022, IEA 2023). In terms of energy consumption per kilometer, and corresponding
greenhouse gas emissions, the private car is deeply undesirable, vis-a-vis the Cyborg Cyclist, even
ignoring other well-documented negative externalities of car travel (Braun & Randell 2021, Miner et
al. 2024). In Europe, transportation as a sector is already a plurality of all emissions, and progress
towards decarbonization of this sector has been marginal at best. We therefore consider the
augmentative (but not hegemonic) application of electric-assist technology as part of the Cyborg
Cyclist to be of the greatest importance of the three aspects discussed here, given the already-
observed potential thereof to displace travel by car, at least partially.

Accessibility: The Cyborg Cyclist as Prosthesis

The previous two aspects have both touched upon the importance of symbiosis to the Cyborg
Cyclist. Here, we expand on this aspect in greater detail, with a particular eye to accessibility, and the
rehabilitative capabilities of the EAPC. This aspect is one that, while important, should be handled
with sensitivity. Cherrington and Black (2023), in an exploration of the prosthetic effects of eMTBs,
noted that such a view highlighted: “the fragility of human-technical bonds and the pharmacological
qualities of technology, in that the e-mountain bike can be said to both enhance human capabilities —by making
riders fitter, faster, and more skilful —whilst also (and often at the same time) exposing how these very same
qualities are exclusively dependent on the presence of the bike itself”

In context, Cherrington and Black (2023) note that there can exist a level of defensiveness from
cyclists around the perceived use of a “prosthesis” to enable them to undertake what are often viewed
as purely “normal” cycling activities. Simultaneously, it was also noted that while an explicit view of
an eMTB (or by extension, an EAPC)? as prosthesis may invite negative reactions, the effects

2 Noted in Cherrington and Black (2023) is that the eMTBs under consideration appeared to meet the criteria for

an EAPC, in particular the augmentation (rather than displacement) of human muscular power, thus, we
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nonetheless remain: in particular, the ability of an eMTB to serve as a rehabilitative tool. In this
respect, this third aspect may be thought of as essentially an extension of the second aspect of the
Cyborg Cyclist, albeit with a different focus; as well as extending the capabilities of a “normal” cyclist,
it is also possible to restore the capabilities of a disabled cyclist to a level considered “normal”

On a purely biomechanical level, the eMTB and the EAPC demand significantly less tractive
effort from the rider than a conventional cyclist, and (dependent on the specific gearing) significantly
less torque, which for those with (chronic or acute) disabilities, can be difficult to produce (Cooper et
al. 2018, Mitterwallner et al. 2021, Wildish et al. 2024). Noted particularly by Wildish et al. (2024) is the
role and importance of innovative assistive technology for expanding the capabilities of those with
disabilities, in the case of their study, those with spinal cord injuries. Outside of injury, the natural
aging process produces a reduction in physical capabilities. The role of the EAPC has been previously
noted as a means of alleviating some of the effects of this decline, and allowing cycling to continue at
older ages than would otherwise be possible or appropriate (Johnson & Rose 2015). Rey-Barth et al.
(2022) further consider the use of the EAPC in the rehabilitation of those who have undergone
treatment for breast cancer. Of particular interest were the accessibility thereof, and potential for
integration of smart technology into an EAPC. By modulating the level of power-assist that the EAPC
gives to the rider, it was possible to dynamically alter the riding conditions to suit the physical state
of the rider, allowing individuals at different stages of rehabilitation and with different baseline levels
of fitness to take part in a collective activity; a heterogenous group unified in an enjoyable group
activity through the appropriate adoption of technology.

Taken together, the above cases indicate that accessibility, with a particular eye to rehabilitative
aspects, should form a key component of the Cyborg Cyclist. The symbiotic integration of technology
with the human form allows barriers to cycling to be overcome for those less physically able, and for
cases where group cohesion is of importance, for individual differences in capabilities to be largely
eliminated as a significant factor through tuning of the assistance level provided.

Conclusion: The Sociotechnical Imaginary of the Cyborg Cyclist

Through definition of the three key aspects above, we aimed to articulate a particular
sociotechnical imaginary for the appropriate application of the electric bicycle, and suggest that it
form a keystone for the wider adoption of (e-)velomobility in general. In our conception, the
appropriate use of electric assist technology produces a Cyborg Cyclist where human and machine
combine to form a symbiotic whole. The application of electric assist technology acts to further the
capabilities of the human cyclist without supplanting them entirely. The cyborg cyclist enjoys lower
emissions per kilometer cycled; an augmentation of capabilities enabling further displacement of the
car versus the conventional cyclist; and an assistive technology that allows physical limitations of
disabled and elderly cyclists to be (at least partially) negated. Crucial to this vision of Cyborg Cyclists
is precisely this symbiosis.

The imaginary of the Cyborg Cyclist is one which aims to highlight the positive contributions
that EAPC-class electric bicycles can make in the field of mobility, in multiple aspects, while at the
same time acting as a cautionary brake against a replacement of conventional car travel with electric
bicycles that do not meet the Cyborg Cyclist criteria. Crucial to emissions reduction is ensuring that
tractive effort from electric assist remains within human-like parameters, otherwise, the increased
power consumption negates the emissions advantages. Crucial to the augmentative aspect is that the
electric assist remains electric assist and thus still requires a modest degree of exercise, with the
benefits that this entails for regular riders. Crucial to the accessibility aspect is that the EAPC is a
technology that can adapt to the specific circumstances of the rider in cases where physical capability
falls below baseline due to disability, but which still offers rehabilitative potential. With this view,
we suggest that policymakers and other stakeholders consider the above balance to form a critical

consider the eMTB to be an EAPC, and thus a valid example of the Cyborg Cyclist in practice, albeit applied to

leisure applications rather than utilitarian transportation.
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part of understandings that drive wider adoption of velomobility, and to avoid the risk of replicating
at least some of the problems of our extant automobility system.

Appendix I: Data Tables

https://docs.google.com/spreadsheets/d/1fp_Qpjs25Nt6bfzOWQ4O0py ZrVFtzdd7wrUqvKGz4
AHY/edit?usp=sharing

The data tables for the calculation of energy consumption for varying combinations of human
and electrical power may be found in the above spreadsheet file.
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