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Abstract: Since the Middle Ages, human-powered tools and machines have played an important
role in societies. Prominent among these are pedal-powered machines, which harness the overall
power from the strongest muscles in the human body. The article identifies a historical taxonomy
of pedal-powered machines to provide designers with an orientation map for devising new solu-
tions, suggesting some contexts in which today’s pedal-powered machines can re-purpose ancient
mechanisms to perform an innovative function. The reduction in energy consumption, the low
environmental impact, and the autonomy of the process, in fact, can represent not only a technical
rediscovery of engineering, but also a new way of supporting human subsistence.
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1. Introduction

Muscles, human and animal, are the oldest prime engine of humanity. Together
with the conversion of hydraulic gravitational potential energy obtained through water
wheels and wind kinetic energy achieved through windmills, they were the only sources of
mechanical energy available until the advent of the steam engine. Even in rich countries,
muscular power had a fundamental role in satisfying the essential needs of communities
until the first half of the 20th century [1].

Muscular strength can be used to operate simple tools directly and manually, such
as a hoe, sickle, scythe, hammer and sledgehammer, or it can be the driving force of a
machine. In the latter case, the application of effort through the legs and feet is particularly
advantageous since it involves highly powerful long muscles, which can work with an
ergonomic movement and at the right speed, by choosing a suitable human-machine
interface and an optimised power transmission ratio. In addition, foot-operated machines
allow you to free your hands to carry out other operations [2].

For these reasons, machines moved by legs and feet have been developed since
ancient times aimed at supporting a diverse range of productive and service activities of
individuals and communities: threshing [3], cleaning and grinding grain, pumping water,
lifting weights, operating lathes, saws, drills, cutters and spinning [4-6].

Pedal propulsion, born in distant times, still has important advantages today when
applied in particular contexts.

In low-income marginal communities, human and animal physical labour represents
the second source of energy after biomasses [7] and should be actually included among the
renewable energy sources. In contexts where there is no energy produced by technical sys-
tems (whether they are hydraulic, steam, internal combustion or electric engines), animated
engines offer the possibility of developing promising intermediate technologies, making it
possible to improve the productivity of traditional solutions with low investments while
preserving local labour [8]. For example, if traditional manual threshing returns 2040 kg of
grain per hour of work, threshing carried out with appropriate human-powered machines
has a productivity of 100-150 kg of product per hour, with a significant productivity in-
crease [7]. And a pedal thresher produces over 500 kg of grain/h [9], 25 times more than a
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traditional solution, with an evident, concrete and positive social impact and improvement
in the quality of life within the communities. Add to this the fact that cycling-derived
technology is easy to implement and maintain, also thanks to the widespread diffusion
of the bicycles, the possibility of finding used bikes also in development cooperation pro-
grammes, the availability of spare components and the presence of specialised networks of
small workshops [10]. Similar momentary advantages obtained with the introduction of
more complex machines, for example, a motorised threshing machine, are often invalidated
when a breakdown occurs in contexts in which there is no maintenance network and related
technical skills.

In addition, in societies where a certain threshold of energy availability and organi-
sational complexity has been exceeded, phenomena of diminishing returns [11], increas-
ing inequality and social inequality [12], and growing energy consumption per unit of
product [13] are observed. Easterlin’s paradox well describes the fact that while people
on higher incomes are typically happier than their lower-income counterparts, beyond a
certain level, higher incomes do not produce greater happiness over time [14]. Starting
from this analysis, in recent years, there have been experiences of socioecological transition
that radically question the organisation of our societies; are oriented towards a conscious
and voluntary reduction in consumption, with a view to sobriety, modest living, voluntary
simplicity and frugality; and are experimenting with local-scale production practices of
some essential goods, including, first and foremost, food. Human-powered systems can
reduce the use of fossil resources in agricultural production while remaining economically
competitive if implemented on a scale that is oriented towards direct marketing [15]. In
this scenario, intermediate pedal machines can have a renewed role even in developed
countries, as evidenced by some cases of appropriate, open-source, shared and grassroot
design [16], for example, at the service of family peasant agriculture conducted in moun-
tainous terrains [17]. These are low-tech solutions that, in the face of limited productivity,
can be operated with low human and animal power, also with the aim of putting the quality
of the work at the centre, allowing the worker to realise and express themselves and recover
direct contact between the work act and the high-quality product [18].

If we accept a use-centred approach to technology, we realise that the bicycle, and
the machines derived from it, can therefore contribute to improving living conditions in
specific situations, both in the context of poverty and in the context of the marginality of
developed countries. On the other hand, since the late 1960s, more bicycles than cars have
been produced every year worldwide [19], and in 2020, there was a real boom in the sale of
bicycles, with increases of 25% in the main European countries compared to the previous
year, testifying to the extraordinary efficiency of pedal power.

The aim of this paper is to propose a taxonomy of foot-powered machines intended
to provide an orientation map for designers in the development of new concepts and
prototypes of these types of machines; moreover, this work aims to bring out the impor-
tance that the design of new foot-operated devices can have in terms of the social impact
and improvement on the living conditions of specific poor, marginal or socioecological
transition communities.

In the article, after introducing possible classification criteria, a taxonomy of pedal-
powered machines is presented; it is applied to some representative historical and modern
cases to provide designers with a design tool for developing new solutions. Before the
conclusions, different case studies are presented, and a discussion is therefore carried out
aimed at highlighting the opportunity for designers to also develop appropriate pedal
machines to serve specific communities.

This work stems from an interdisciplinary collaboration that finds in the analysis
of the historical evolution of a class of machines the key to constructing a taxonomy of
pedal-powered kinematic mechanisms and to analysing their functional characteristics.
This will be useful especially in view of new applications in a framework of environments
in which a poverty of resources requires alternative and energetically sustainable solutions,
or in which communities experience processes of socioecological transition starting from
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choices of sobriety, modest living, voluntary simplicity and frugality. The historical vision
of the evolution of mechanisms, combined with an analysis of their structures from a
purely engineering point of view, can facilitate the rebirth of ideas from the past that have
floundered not because they are unfeasible and imaginative, but due to the lack of adequate
materials and of a technological culture open to human needs. A critical look at patents
can facilitate not only the knowledge of the complex dynamics of innovation, but also the
influence of contexts on engineering tout-court.

2. Muscles over Motors and Classification Criteria of Foot-Powered Machines

The human engine continuously delivered a power output for an entire workday—the
so-called critical power [20]—as a cautious first approximation, of about one watt per
kilogram of live mass. An adult man weighing 70 kg can therefore develop approximately
70 W of power for about ten hours of work, which rises to about 200 W for efforts lasting
one hour, up to peaks of 750 W in supplies of a few seconds (Figure 1) [21]. Different
subjects have power/duration curves qualitatively like the one shown in Figure 1, but
different punctual values, depending on body mass, gender and training. In general, it is
observed that individually determined values of critical power, absolute and normalised
to body mass, are lower in women compared with men (difference of about 20%). If the
critical power of men and women is normalised to lean body mass, the difference is reduced
to 15% [22].
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Figure 1. Human power output by pedalling, healthy men (adapted from [21]).

However, the punctual performance of animated engines depends on various factors,
including the human-machine interface, the number and type of muscles involved in the
work, and the type and speed of contraction of the muscles. In Figure 2, for example, it can
be seen that the optimal pedalling power is generated with a frequency of around 90 rpm.

In light of these considerations, it is clear that a classification of foot-operated machines
must take into consideration as criteria the parameters that can influence the performance
of the human engine, namely, the type of human-machine interface, i.e., the type of input
link (Figure 3); the power transmission system on which, for a given output mechanical
characteristic, the force seen by the human operator depends (Figure 4); the possible
presence of energy accumulation systems aimed at regulating the motion in the case of
periodic regime systems (Figure 5). In addition, the kinematic chain (drive link/power
transmission/output link) allows the transference and transformation of motion, according
to the needs required by the machine output link (Figure 6), starting from the motion of the
human-machine interface input link.
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Figure 2. Maximum power produced by pedalling versus rotation speed (adapted from [21]).

Figure 3. Functional elements for the classification of the foot-powered machines: driving links (D).
(a) Stepping wheel (D1). (b) Treadle (D2). (c) Pedals (D3).

Figure 4. Cont.
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Figure 4. Functional elements for the classification of the foot-powered machines: mechanical power
transmissions (PT). (a) Direct drive (PT1). (b) Gears (PT2). (c¢) Chain drive (PT3). (d) Rope (PT4).
(e) Belt drive (PT5). (f) Rolling cylinders (PT6). (g) Linkage (PT7).

(a) (b) (d)

Figure 5. Functional elements for the classification of the foot-powered machines: mechanical energy
storage systems (E). (a) None (E1). (b) Flywheel (E2). (c) Spring (E3). (d) Mass (E4).

LIGNE MERIDIONALS

(a)

Figure 6. Functional elements for the classification of the foot-powered machines: types of output link
motion (M). (a) Oscillating rotating (M1). (b) Reciprocating linear (M2). (c) Continuous rotary (M3).

Historically, the interface between the foot and the machine, i.e., the drive link (D),
is realised according to three main strategies: the stepping wheel, the treadle and the
pedals (Figure 3).

The stepping wheel (D1) or treadmill can be considered the evolution of the vertical
axis winch, in which the effort is applied by the operator to a crank through walking, i.e., by
extracting energy from the action of the legs. The worker actually applies on the wheel
an action equal to their weight force, with the moment arm depending on its position on
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it and on the type of wheel. The operator of 70 kg of mass, moving at a speed between
0.6 m/s and 0.12 m/s, generates a continuous maximum power for a whole working day
of about 80 W [23]. It was used to power large loads, as in the case of the Roman crane [24],
but also to operate flour mills, forge blowers and water lifters.

The treadle (D2) is a “lever worked by foot”, c., 1400, from the Old English tredle
“step, stair”, from tredan “to tread”. The treadle therefore performs an oscillatory rotation
about a fixed axis, back and forth within a limited angle. Mechanically speaking, it is a
rocker. In some cases, it is suitable for transmitting high-power peaks to the machine, being
able to be moved through the action of the leg or even with the application of the entire
weight force of an operator who works standing up, as in the case of the rod lathe. In
this case, the performance of the machine depends on the interaction of the triad operator-
power transmission mechanism-output link, and the design requires a complex ergonomic
analysis, to be developed for the specific applications, also with the implementation of
a human biomechanical model with different segments [25]. In other cases, it is used to
deliver low power generated by the oscillation of the foot of the operator who, while seated,
carries out precision work with their hands, such as sewing, drilling pearls, turning small
objects and jewels, spinning and activating scroll saws.

The pedals (D3), on the other hand, perform a complete rotation around a fixed axis.
They are therefore cranks operated with the feet. Due to the continuity of the movement,
which has no toggle positions, they are extraordinarily effective in transferring the power
from the animated engine to the machine. They have been in use for hundreds of years,
but with the invention of the bicycle, they had a widespread diffusion thanks above all to
the reduction in friction resulting from the use of ball bearings [12].

As far as the power transmission systems (PT) are concerned, we contemplate (Figure 4)
the direct connection with the output link (PT1); gears (PT2); flexible power transmission
elements such as the chain drive (PT3), rope drive (PT4) and belt drive (PT5); rolling
cylinders (PT6); and linkages, almost always four-bar mechanisms (PT7). The gears, chain
drive, rope drive and belt drive are suitable for connecting the rotating shaft of the input
link and output link in different positions, to multiply or reduce the rotation speed of
the output link, and to possibly change its direction. The four-bar linkage is found in
double-crank, crank-rocker and double-rocker versions, and also in various disguises like
the slider-crank mechanism, and the cam-follower mechanism. The four-bar linkage allows
you to transmit a continuous rotary motion, switch from continuous rotary motion to
oscillating rotary motion and vice versa, or transmit an oscillating rotary motion, in all
cases possibly changing the transmission ratio. Slider-crank and cam-follower are used as
a classic transformer of continuous rotary motion into reciprocating linear motion.

As far as mechanical energy storage systems (E) are concerned, they are sometimes
not present (E1), or involve the use of the flywheel (E2) or elastic elements (E3) or masses
(E4) (Figure 5).

And, finally, the types of output link motion are considered, whether oscillating
rotating (M1), reciprocating linear (M2) or continuous rotary (M3) (Figure 6).

3. Proposal for a Classification of Foot-Operated Devices

With the aim of supporting the designer in the development of new solutions, the
historical-functional study of machines operated with the lower limbs is of contemporary
interest. Figure 7 shows some examples taken from the literature, represented in chronolog-
ical order, and classified according to the criteria identified in the previous section.

If we consider the human action in the propulsion of machines, at first glance, it
would seem that the use of the hand and upper limbs is preponderant and central in
the development of technology starting from the most ancient times still governed by an
artisanal “philosophy” or rather governed by know-how. On the contrary, the use of the
lower limbs and feet is neglected; apart from the natural function of walking, it would
seem extraneous to normal productive activities. However, this is not completely correct,
because, for example, before the fulling machines, the fulloni were slaves who pounded the
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wool fabrics inside stone tubs to felt them and transform them into cloth. The use of feet
and legs fully enters our classification with stepping wheels, namely with large, hinged
cylinders inside which an operator, unbalancing the cylinder itself, determined its rotation,
thus usually activating a crane (Figure 7a).

We find foot-operated machines in the Middle Ages and even before the introduc-
tion of linkages in power transmissions. The spring pole lathe (Figure 7c), for example,
transforms the oscillating rotating motion of the pedal into oscillating rotating motion of
the pole through a rope transmission, a practice known from at least 8000 B.C. [5]. The
same architecture is visible in the lathes of Jacques Besson’s Theatrum machinarum novum
(16th century) (Figure 7e) and in the treadle-powered lathe for making spools of thread,
in Encyclopédie, Planches (Tabletier Cornelier) (c., 1760) (Figure 7f). In all these cases, a
return mechanism of the treadle operated with the elastic potential energy accumulated in
a bending spring is also used.

In other solutions, the treadle is the rocker of a four-bar linkage, in which the follower
is often a crank, thus transforming the oscillating rotating motion of the input link (trea-
dle) into a continuous rotary motion of the output link. Similar architecture is already
present in some Chinese silk reeling machines of the 10! century [26] (Figure 7b), and
then in Leonardo da Vinci’s lathe (AD, c., 1500) (Figure 7d), in the classical sewing ma-
chine (Figure 7g,j), in generic treadle machines (Figure 7h), in the scroll-saw (Figure 7i)
and in the dentist’s drill (Figure 7k). In many of these cases, the power transmission
is completed with a belt drive, which takes the motion from the pulley rotated by the
treadle-rocker/crank four-bar mechanism to transfer it to another pulley, possibly of a
different size (Figure 7b,g,h,j,k). In the case of the scroll-saw of Figure 7i, the small size
and high-speed pulley G then becomes the crank of a second four-bar linkage, which
transforms its continuous rotary motion into oscillating rotary motion of the parallelogram
mechanism in which one member is the saw blade, which moves with translational motion.
In all these examples, the rotating elements also act as a flywheel to reduce the angular
velocity irregularity, a particularly interesting feature in the case of alternating loads (saw,
dentist’s drill).

Figure 7. Cont.
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Figure 7. Foot-powered machines: proposal for a taxonomy, in historical sequence (N/A: not
applicable). (a) D1-PT4-E1-M2. Magna rota, stepping wheel for lifting loads in a crane (second
century after Christ) [27]. (b) D2-PT4/PT7-E1-M3. Silk threading machine (c., 1090) [28]. (c) D2-
PT4-E3-M1. Lathe (c., 1404) [29]. (d) D2-PT7-E2-M3. Lathe (c., 1490) [30]. (e) D2-PT4-E3-M1. Lathe
(1578) [31]. (f) D2-PT4-E3-M1. Treadle-powered lathe for making spools of thread (c., 1760) [32].
(g) D2-PT7-E2 -M3. Sewing machine desk (1859) [33]. (h) D2-PT5/PT7-E2-M3. Treadle machine
(1875) [34]. (i) D2-PT5/-PT7-E2-M1. Scroll saw (1879) [35]. (j) D2-PT7-E2-M3. Sewing machine
treadle (1886) [36]. (k) D2-PT5/PT7-E2-M3. Dentist drill (1891) [37]. (1) D3-PT5-E2-M3. Screw
cutting engine lathe (c., 1900) [38]. (m) D3-PT3/PT5-E1-M3. Toy buggy (1903) [39]. (n) D3-PT3-E1-
M3. Ice Velocipede (1892) [40]. (o) D2-PT7-E2-M3. Stepper motor (1877) [41]. (p) D3-PT3-E2-M3.
Training machine (1896) [42]. (q) D3-PT3-E2-M3. Velocipede with connecting rod transmission
(1890) [43]. (r) D2-PT4-E1-M2. Treadle pump (2000) [44]. (s) D2-PT3-E2-M2. Method of using
exercise apparatus for simulating skating movement (2009) [45]. (t) D2-N/A-N/A-N/A. Technogyn
Elliptical (2020) [46].

With the use of the pedals, the input link of the machine is a crank in which the
connecting rod and the rocker are represented by the leg and the thigh of the pedaller,
respectively. Foot support is facilitated by the oscillating pedal and by any attachments
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that make pedalling desmodromic in a certain sense. In addition to the well-known case
of the use of the pedal in the road bicycle, omitted here, we mention the screw cutting
engine lathe (Figure 71), the ice velocipede (Figure 7n) and also an ancient training machine
(Figure 7p). The power transmission, in the case of the use of pedals, is often achieved with
the use of a chain drive, also due to the high efficiency, close to 99% [21].

4. Appropriate Design of Modern Foot-Powered Machines

This work not only aims to provide the first example of how simple machines of
the foot-powered class can become the object of a taxonomy articulated in the four levels
of driving link—-power transmission—energy storage—output link motion, but intends to
propose, to those dealing with the design of machines, a new critical point of view at the
innovation, and above all to the universe of inventions proposed by patents for which
an exhaustive collection of data is increasingly available. Machines that might appear at
first glance as imaginative and strange can today contain new ideas to continue a creative
process even with the support of the most recent technologies (as demonstrated by the
wellness machines where mechanics are increasingly interconnected with ICT).

The present work therefore does not have a historical function but aims to bring
attention to the role that technological innovation has above all in the present time, in the
face of the challenges of globalisation and of the great energy and environmental crises.
The role of history in mechanics should not be underestimated in the construction of a
modern mechanics theory and discipline. Many of the modern errors that have slowed
down the development of mechanics originate from an ignorance of the past, and against
this fact, the increasing attention to the historical disciplines in the polytechnic schools is
emphasised. By analysing the evolution of patents, it is evident that only a critical historical
design review is the solution.

Many of the inventions of the past have had moments of success that have inevitably
been followed by phases of decline and abandonment, but this has certainly not been
caused by their obsolescence in the face of new discoveries. An invention can often be
highly innovative but does not find its sustainability in its contemporaneity, due to the lack
of suitable materials or appropriate construction technologies (this is, for example, the case
of Leonardo da Vinci’s inventions that, at the time, were never made). Currently, if, on the
one hand, pedal propulsion has found in the sports bicycle a field of experimentation of the
most advanced mechanical innovations, treadle propulsion would seem forgotten or at most
destined for those applications where the energy shortages and the economic poverty have
forced the new reuse of ancient machines, as in the case of the treadle pump (Figure 71).

But this is not the case, because (and this was anticipated by numerous patents from
the late 1800s), for example, most of the machines for training and physical exercise, an
important leading sector of the wellness industry, are re-employing the treadle in their
own devices (Figure 7s,t). We would then have to examine the toy sector and, above all,
educational toys (Figure 7m), where the use of elementary mechanisms can become useful
tools for learning (and this has been demonstrated again by how, even among the patents
of end of the 19th century, toys played an essential role).

It should also be remembered that starting from the mid-19th century, many companies,
such as W.F. and John Barnes, Baldwin, and Millers Falls, developed small machines for
the craftsmen of small metal and woodworking shops, farmers and laborers who lacked
access to water wheels, steam engines and later electricity. Dean [5] lists about one hundred
and thirty types of human-powered machines available at the end of the 19th century.
Among the most curious, we mention the pedal vacuum cleaner, the crank dishwasher, the
machine for making brooms, the whale blubber mincing machine, the olive pitter and the
poultry delouser.

If the diffusion of electrification has given the illusion that those solutions were
forever outdated and replaced by motorised devices, in reality, they can still represent
important archetypes for the small artisanal and peasant production of the large world
population that currently has no access to electricity: 770 million people, to which those
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who have scarce economic resources in general, and therefore have difficulty in accessing
other forms of energy, must be added. In some countries of the world, the segment of
the population that lives in conditions of extreme poverty, on less than two dollars a
day, is the majority. Examples include Chad, Haiti and Liberia (80% of the population
below the poverty threshold), the Democratic Republic of Congo (70%), Niger (63%)
and Guatemala (54%). And just in Guatemala, the non-governmental association Maya
Pedal [47], for example, collaborates with the Massachusetts Institute of Technology (MIT)
in the development of the Bicimaquinas, pedal machines for the assistance of domestic, rural
and craft work, through the regeneration of abandoned bicycles: rope pumps, corn hullers,
mills, blenders and washing machines. The Bicimaquinas are in all respects appropriate
machines, being simple solutions, pleasant to use and easy to maintain, developed starting
from the specific needs of the reference communities, using local skills, technologies and
materials. Furthermore, the Bicimaquinas are intrinsically non-polluting, an excellent
example of sustainable technological solutions, aimed at inclusion and social justice in
contexts of poverty.

In general, numerous studies are available in the literature concerning special foot-
operated machines developed to support agricultural work and the post-processing of
food products in resource-poor communities. What is worth mentioning is the project
that started in 2010, the long-term collaborative research program, “Farming, Food, and
Fitness”. In 2013, thirty-eight treadle pumps were installed in eastern Ethiopia, as a low-
cost technology for small-scale irrigation; six local farmers were trained in installation
and maintenance of the pumps. In mid-2015, when the researchers returned to the area,
only two TPs were functioning as originally installed; the rest were improved, with better
technology, by the trained farmers [48]. International Development Enterprises India
(IDE) is a not-for-profit organisation with headquarters in Denver that operates in India
to provide farmers with access to technologies to improve life, including treadle pumps
appropriate to women farmers. The beneficial effects occurred above all for female farmers,
who, by working more independently and freely, were able to increase awareness of their
role in society [49]. The International Water Management Institute (IWMI), a research-
for-development organisation with a global network of scientists operating in several
countries, in 2007 published the research report Treadle Pump Irrigation and Poverty in
Ghana [50]. This study refers specifically to the Volta and Ashanti regions of Ghana, where
the treadle pump is a technology that can replace the existing rope and bucket irrigation,
which requires a lot of work. In the case study, it was verified that farmers who start using
treadle pups increased the size of the irrigated area and reduced the costs for the irrigation
due to the non-use of fossil fuel [50]. Pedal-operated paddy threshers are used in large
rice-producing countries, such as India, Bangladesh, Bhutan, Korea and in some African
countries; these threshers are produced on an industrial scale locally [9]. In other countries,
such as Nigeria, the output capacity of a pedal-powered cassava grinding machine is
very efficient and affordable for rural farmers [51]. In Ghana, where corn production is
important, trials are being developed for the production of low-cost, pedal-powered maize
shellers that guarantee high performance [52]. It is also possible to study applications of
human propulsion for rice milling, potentially useful in agricultural contexts without large
technology possibilities [53].

Another need in poor communities is to have available small-electricity production
modules, especially where there is no electricity grid, for example, for charging mobile
phones [54], or multipurpose systems. Already in 1980, “Volunteers in Technical Assistance”
published a study on the dynapod, a portable pedalling apparatus that consists of a stand,
saddle, handlebar, pedals and sprocket wheel; the name itself testifies to the intention,
because it is the union of the two Greek words for “power” and “foot”. It can be used
by one or two people, used for agriculture, water pumping, air compressors, small-scale
industrial processes and electrical generation [55]. To increase utility, machines can be
designed to perform multiple tasks. For example, the authors in [56] presented a concept
of a human-powered grinding machine, which can also be used for carrying water to a
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height of some meters, producing electricity, and pumping, grinding, washing and cutting.
In Nigeria, some departments of Rivers State universities design and build a mechanical-
pedal-powered hacksaw cutting machine, which can be used to cut wood, metals, plastic
materials and PVC materials such as pipes; it is built with materials of local origin, does
not require electricity, and is useful for small entrepreneurial workshops and in industrial
applications in case of frequent blackouts [57].

Even in the marginal contexts of rich countries, there are communities that experi-
ment with socioecological transition practices and, starting from the free and conscious
choice of models of social and productive organisation based on sobriety, modest living,
voluntary simplicity and frugality, are oriented towards machines that make use of re-
newable energies, among which we mention human muscular energy. L’ Atelier Paysan,
for example, is a cooperative that supports farmers in the design and production of ma-
chines appropriate to agroecology, with a view to technological sovereignty that passes
through the re-appropriation of know-how in the name of changing the agricultural model
and food currently based on the industrialisation of agriculture and that is responsible
for biodiversity loss, the impoverishment of soil fertility and the production of food of
poor organoleptic and nutritional quality [58]. With this aim, L’ Atelier Paysan co-designs
and builds alternative motorised devices, among which we mention the Aggrozouk, a tool
carrier with pedals equipped with an electric assistance (3000 W), which allows for hitching
small agricultural tools, and carrying out all kinds of small mechanised works in peasant
agriculture [59].

Finally, confirming the relevance of the topic discussed here, it can be observed how,
in order to satisfy the requests for designing appropriate solutions coming both from low-
income countries and from the marginal areas of rich countries, courses aimed at making
students aware of their role in environmental sustainability and social inclusion have
recently been proposed in engineering degree programs, i.e., humanitarian engineering, in
which, among others, human-powered machines are the subject of in-depth study [60].

5. Conclusions

The growing interest and awareness for the intelligent use of energy resources, not
only in those countries where the typical sources of more industrialised societies are scarce,
raise the need to revisit devices that the unbridled technological development has made us
forget. For better organisation of the mechanics that takes human energy resources into
account, this article intends to put the “foot powered machines” in a new light, because it
must be remembered that these machines are also finding new applications for low-income
people, in the sport and wellness industry, and for socioecological transition communities
based on sobriety, modest living, voluntary simplicity and frugality.

The analysis of the historical literature of foot-powered machines has allowed us to
make the first classification to be made available, as a mind map, to modern designers.
Indeed, the numerous case studies presented demonstrate that this type of machine can
make a contribution to satisfying some essential needs in specific contexts, particularly
in conditions of poverty, such as assistance in agricultural work, water pumping, post-
processing of agricultural products and improving the quality of life of these communities.

Finally, the message that this paper aims to leave is to reorganise the same teach-
ing for sustainable engineering, including human-powered machines like one of the
possible solutions.
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