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Abstract

:

Electrically-assisted cycling can make a major contribution to sustainable mobility. For some people, hills are a barrier for cycling. This paper focuses on how and why electrically-assisted bikes make a difference to cycling in hilly contexts, and can thus be an important element of sustainable mobility in hilly geographies. It makes a novel contribution in being able to draw on recorded sensor data of the actual use of assistance in relation to the specific geography of the route cycled (GPS data), and interview/survey material. It shows that e-bikes extend the range, nature and scope of journeys manageable by bike, and therefore the general viability of e-bikes as alternative to other modes. It highlights that the benefits of using e-bikes are often also psychological, since they can change the overall enjoyability of the cycling experience in hilly areas. Resulting policy recommendations, that could lead to significant CO2 savings through the uptake of e-cycling in hilly contexts, include ‘try before you buy’ schemes, training for e-bike users and investing in relevant cycling infrastructure.
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1. Introduction


Transport is one of the major global contributors to climate change, “responsible for approximately 23% of total energy-related CO2 emissions”, as the IPPC 2014 concludes [1]. Recent responses to this issue include the European Commission’s aim that “greenhouse gas emissions from transport will need to be at least 60% lower than in 1990 and be firmly on the path towards zero” [2]. For individual ground transportation, these efforts to reduce transport-related carbon emissions will have to include a variety of sustainable modes of transport. Light and active modes of mobility will need to play a key role, as acknowledged by the European Commission [2]. Bicycles are a relatively sustainable mode of transport and an increase in cycling rates can make a major contribution to reducing transport-related carbon emissions. The growing popularity of electrically-assisted bicycles does and can play a key role in the shift towards higher cycling rates and a transition towards more sustainable transport [3], including modal shift away from car driving [4]. Barriers to (e-)cycling are discussed widely in the academic and policy literature. Whilst many of these mention hilliness as a general issue (as discussed below), there are no publications specifically dedicated to this topic. This paper fills this gap by focusing on how electrically-assisted bikes can help encourage cycling in hilly geographies, and what the implications are for future sustainable mobility.



The paper draws on qualitative and quantitative research material from an intervention in Brighton, UK, including GPS data, sensor data about the use of assistance, and qualitative interviews. It focuses on everyday utility cycling, e.g., for commuting (not racing or touring). It extends the existing literature by making hilliness the central research focus, and by using detailed empirical data to investigate the topic.



In doing so, it highlights a range of important findings. As well as endorsing the generally-accepted truth that e-bikes provide a practical solution to overcome hilliness on particular journeys, it also shows that e-bikes extend the range, nature and scope of journeys that are manageable by bike, and therefore the more general viability of e-bikes as an alternative to other forms of transport. It highlights that the benefits of using e-bikes are often also psychological, since they can change the overall enjoyability of the cycling experience in hilly areas, for example, by providing a relatively attractive way to ‘work out’ or enabling people to ‘play’ with different settings. The findings also highlight the potential importance of training for e-bike users, in relation to the battery needs created by hills and technical issues in relation to hill starts. The findings endorse a wider point made by Behrendt [5] and Philips [6] in other contexts—namely, that e-bikes should potentially be considered as a particular mode of transport in themselves rather than just a form of cycling, since they may have wider appeal, and be applicable in a wider range of contexts than conventional cycling. Micromobility can play a crucial role for meeting climate change goals [7] (pp. 16–17) and this includes electrically-assisted cycling as an important element of sustainable transport.



As a definitional point, it should be noted that, by ‘e-bikes’, we are referring to ‘Electrically Assisted Pedal Cycles’ (EPACs), which have a maximum speed of 25 km/h; a maximum motor power of 250 watts; and where the user must be pedalling for motor assistance to be provided (see Figure 1). Sales of this type of bike have been increasing dramatically, with, for example, 23% more sales in 2019 than in the previous year in the EU [8] and 72% more sales in 2018 compared with 2017 in the US [9].



This paper aims to explore how electrically-assisted cycling is experienced in hilly contexts, and what the impact of e-bikes on cycling in hilly areas is. After discussing the literature on cycling and e-cycling with a particular focus on hilly contexts, the methodology is outlined. The following results section on e-cycling in hilly geographies is structured by three key themes: practical benefits, practical issues, and psychological benefits. The discussion and conclusion highlight key findings as well as policy implications and suggestions.




2. Literature Review


Literature on sustainable transport highlights just how much change is needed to move from our current carbon-intensive mobilities to ways that slow down the warming of the planet [12,13]. A solid body of literature evidences the role cycling can play in theses required changes [14]. There is also an emerging body of literature that proposes broader conceptualizations of micromobility [15]. One of the proposed definitions suggests that micromobility includes solely human-powered modes such as cycling, but also electrically assisted modes such as e-bikes and e-scooters, as well as entirely motor-powered modes such as mopeds [16]. According to this ITF/OECD categorization of micromobility, the e-bikes used in this paper’s research would fall into the ‘Type A’ category of under 35 kg and being unpowered or powered up to 25 km/h. This literature intersects with a wider literature about the potential for cycling in hilly areas.



Hills are widely recognized as a barrier to cycling. For example, Parkin et al. found hilliness to be “a very significant indicator of the proportion that cycle to work”, confirming “the powerful effect of hilliness found by Waldman (1977)” [17] (p. 103) (Waldmann is out of print). The American Association of State Highway and Transportation Officials (Aashto) regards “slopes (or grades) greater than 5%” as “undesirable because climbing the ascents is difficult for many cyclists” as summarized by Tralhao et al. [18]. Broach et al.’s Oregon-based study of cyclists found that “slopes above 2%” were “one of the most important influential attributes” in their model and that “cyclists go significant distances to avoid such hills” [19] (p. 1739). In 2004, Parkin [20] measured the gradient using 50 m × 50 m digital elevation data. Where the average gradient was greater than 4% across a district he considered that a hilly area. Parkin and Rotherham [21] estimated that, on average, cycling 4 km up a 4% slope required 54% more energy and time than cycling on the flat. In regression models which estimate the level of cycling within an area, the barrier to cycling created by hilliness and the effort to get up hills have been found to be significant predictors [22].



Subsequent work by Philips et al. [23,24] has shown that, if hilliness is defined according to the slope of roads within an area, 8% of the population in England live in small areas (LSOAs—Lower Super Output Areas—The areal units defined for analysing the UK Census) where the roads in their locale are predominantly over 4%, and many more will live in areas where at least some of the roads are this steep, meaning that many potential cyclists will be affected.



Given the additional effort required by hills, hills are one reason why people choose to use or buy e-bikes. In a 2002 survey of 600 e-bike users in the UK, 13% of respondents mentioned ‘help with hills’ as reason for buying on electric bike and 37% reported the ease of use on hills as a main advantage of the e-bike over ordinary bicycles [25]. In a study by Dill and Rose [26], the ability to overcome hills was mentioned as a key reason for e-bike use in the context of Portland, Oregon, US, where 28 e-bike users were interviewed. They also reported that some of their study participants were enabled by the e-bike to “take more direct routes with more hills”, compared to those using a regular bicycle [26] (p. 3). Another study in the US context focused on Sacramento, and assistance was mentioned as a key enabler for cycling in hilly terrain, despite the relatively flat topography of the location [27] (p. 40).



As well as simply facilitating existing journeys, their potential to ‘overcome’ hills is also reported as a reason why e-bike use can lead to longer, faster or more frequent cycle trips. Several studies using surveys in different locations have found that e-bikers travel further than conventional cyclists, including work in Portland USA by Mcqueen et al. [28] and in Europe by Castro et al. [29], with the latter reporting that e-bikers in seven EU cities travelled, on average, 9.4 km per trip compared to an average of 8.4 km per trip for conventional cyclists. Both studies noted relative ease of cycling on hills as a contributory factor to the increase in journey lengths. In a Norwegain study on e-bikes, Fyhri et al. [30] found going faster up hill is the most common reason to use the assistance on an e-bike. Berntsen [31] logged the activity of 8 cyclists and e-bikers, and found that e-bikers achieved 35% travel time savings over conventional cyclists on hilly routes vs. 15% travel time savings on flat routes.



These benefits, in turn, translate into estimations that e-bikes could be viable for a considerably greater volume of cycling trips than conventional bikes. A study on the use of e-bikes in a hilly Portuguese city (Coimbra) calculated how the battery range and assistance available on an entry-level e-bike translated into making far more areas and trips feasible for cycling than would be the case using conventional bikes, and concluded that e-bikes are “a viable active transport alternative for hilly cities” [32] (p. 7). The Propensity to Cycle Toolkit in the UK has a scenario showing e-bikes increase the amount of cycleable journeys, such that they could increase the proportion of commuters cycling all the way to work to 26% [33]. Woodcock et al. [34] model e-bike usage behavior and acknowledge that including hilliness would further improve their model and tool.



Philips et al. [3] have used spatial microsimulation to estimate the physical capability to replace car travel by bike or e-bike, based on both the motor assistance provided by e-bikes, and the physical constraints of individuals. They estimate that the physical capability for car travel substitution by e-bike is, on average, more than double what can be replaced by conventional bike, noting hilliness as a contributory factor [35]. Bucher et al. [36] have looked at a different dimension of hilliness, considering the impact of altitude on climate and weather influences on e-bike use in Switzerland.




3. Materials and Methods


The empirical research material for this paper was collected during a 2012/13 e-bike study in Brighton and Hove. As the research gap on e-cycling in hilly contexts remained several years after the study, its material was re-analysed with this focus in mind. While e-bike technology has improved since (e.g., increase of the power of motors and the capacity of batteries), the fundamentals of assisted cycling remain the same: providing optional assistance to those riding the bikes. The main findings of this study therefore remain relevant. Where important, the results section discusses changes of e-bike technology compared to the time of research data collection.



Brighton and Hove is a city with around 290,000 inhabitants on the south coast of the UK, surrounded by the South Downs National Park. The topography comprises both flat areas (e.g., along the seafront) and hilly areas (see Figure 2). Two types of e-bikes were used (both low-step and cross-bar), each with three models of assistance (low, medium and high), see Figure 3 and Figure 4. For more detail on the types of e-bikes chosen, their motor, battery and assistance, see [37]. The dataset comprises the qualitative survey and the interview/focus group data (semi-structured) of 80 commuter trial participants in 2012 and 2013 and the GPS/sensor data for the 40 commuter trial participants who participated in 2013, plus 5 other 2013 (community group/self-ethnography) trial participants (see below). Many participants of the commuter trial were not regular cyclists before the trial and many had not cycled in years or even decades. They had a range of fitness levels, including those who self-reported to not be very fit. All received e-cycling training. For further detail on the recruitment of participants and the intervention design, see [4].



All qualitative material was transcribed, and then coded in NVIVO, taking an inductive approach. The sub-topics and quotes used in this paper were identified by running a matrix query in NVIVO with the nodes “assistance” and “hilly”.



All bikes used during the intervention were fitted with an open-source monitoring system designed to record GPS data and assistance-data in real-time [37]. Due to the experimental nature of the intervention, this Smart E-bike Monitoring System (SEMS) featured an evolving design. While in 2012, only GPS data was recorded, in 2013, the SEMS tracked how cyclists used the assistance on the e-bike, including whether the assistance was switched on or off, and, if switched on, reading which level of assistance had been selected (low, medium or high). The assistance data was recorded with a time stamp, and could therefore be analysed in conjunction with the GPS data recorded by SEMS. This 2013 data is analysed here. To our knowledge, this is the first time the actual use of assistance has been monitored in e-bike research.



Having identified relevant material by using the NVIVO nodes ‘assistance’ and hilly’, the GPS and assistance data recorded for 2013 trial participants providing relevant quotes were then visualized by creating an overlay of the route and the level of assistance used (none = blue, low = yellow, medium = orange, high = red) on a topographical map of Brighton and Hove and its surroundings. These could then be visualized alongside the quote that guided the selection of the relevant GPS and assistance data. The figures used in this paper are screengrabs of video visualizations of the material that can also be found online [38] see Figures 8–12.



The second way of engaging with the GPS and assistance data focused on hilly locations in Brighton. For this, we identified the ten largest hills in Brighton using GIS analysis of 3D maps using the OS Terrain 50 data [39], Open Street Map [40] and the Qgis2threejs plugin [41]. We then used MySQL to filter points with latitude/longitude inside the parallelograms and Excel VBA macro to join assistance data with location data for filtered sections. GridInquest (now OS Net) [42] was used to get distance and height in metres from the GPS. We only included those six hills in the analysis where more than ten uphill trips were recorded. The level of assistance on each e-bike was recorded as off (0), low (1), medium (2) and high (3) level of assistance. We analyzed the proportion of observations for each assistance level for uphill trips on these six hills.



It should be noted that analysing the assistance data in conjunction with the qualitative data was particularly helpful for identifying errors in the assistance records, such as an unlikely number of changes, and helped to ensure findings were robust.




4. Results


The NVIVO analysis showed that ‘assistance’ was referenced 308 times in 57 sources (out of 63).‘Hilly’ was one of the two nodes most frequently coded in conjunction with the node ‘assistance’, (the other node was ‘riding’ as in ‘action of using the bike’), as established through a matrix query of assistance in relation to all other nodes. Across the data set, three larger themes were identified for e-cyling on hills: (1) practical benefits, (2) practical issues, and (3) psychological benefits. Each of these has a number of sub-themes, as discussed in detail below. It is important to appreciate that the results relate to 2011 e-bike technology (and therefore that some of the limitations reported later in the paper might no longer apply).



4.1. Practical Benefits of E-Cycling on Hills


4.1.1. Facilitates Cycling Uphill


Many trial participants discussed the value of having assistance from the e-bike on hills: “wonderful—was able to cycle up hills”, “there was the extra help for going up hills”, “I found the electric bike really helped me in going up the hills”. This is closely related to other users that expressed how the pain and effort of uphill riding was reduced: “not a pain to go up the hill at all” and “going up the hill was brilliant, it was no effort whatsoever”. This, in turn, was then seen as making new journeys viable; for example, “I’ve cycled up some quite steep hills that I wouldn’t dream of cycling up without that battery on there that’s for sure”; “the bike certainly makes the uphill return commute possible”.




4.1.2. Ubiquitous Use on (Steep) Hills


It was also notable that, in the interviews and focus groups, almost all riders reported using assistance when going steeply uphill, regardless of their starting level of fitness. This is backed up by the data analysis of assistance and GPS data for uphill trips (excluding short trips of less than 50 m) on sections of 6 of the largest hills in Brighton where e-bike assistance use was recorded for more than ten trips. Of these, on the hill with the lowest gradient (5.3%), assistance was used for 39% of the trips, whereas on the other five hills with steeper gradients (7.9–9.9%), assistance was used for between 75% and 90% of the distance (see Figure 5). Both the analysis of the assistance data and the interview material (where specific street names were often mentioned) show that, on steep hills, with gradients of over 7%, some level of assistance was used by a large majority of riders.
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Figure 5. Use of assistance (and levels) on six steep hills in Brighton (see Figure 6 for a map visualization). 
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In the post-trial survey, 66 out of 80 riders reported using a higher level of assistance (and none lower) when going uphill or against the wind (the survey question asked for both conditions together) compared to when cycling in ‘normal conditions’ (see also Figure 7 and Figure 8).



Whilst, in many cases, the highest mode was always used for hills, others would switch between levels, and only use ‘high’ in extreme situations.



The benefit of support on hills was also discussed in relation to other perceived benefits of e-cycling, such as reduced levels of sweating: “I would use three on the hilly bits near home especially on the way in [to work] so I didn’t get sweaty”.




4.1.3. Living or Working at the Top of a Hill


Several trial participants reported that they lived at the top of hills and that assistance made cycling home more feasible, for example: “My final homeward journey is nearly a mile uphill, and the extra power certainly made this part more manageable”.



Another rider compared the e-bike experience to a normal bicycle: “I live on a steep hill and normally, on my regular bike, I would have to stop halfway up because, for me, it’s too much and I found, when it was working properly, I could cycle all the way up from the bottom of the hill to my flat, and that was great”. This user also expressed an emotional response to making it to the top of the hill riding: “It felt like a real sense of achievement, you know, getting a bit of assistance and I was happy with that”. This illustrates how e-bikes can be an enabler of physical activity that participants did not think would be possible on an ordinary bike.



The sentiment of the assistance making it possible to cycle uphill is also echoed in the following, longer quote that also comments on the change of assistance mode and difference to normal cycling (for further examples see Figure 9 and Figure 10). This participant wrote in the pre-trial survey that their motivation was “mainly to find out if it helps with the hills of Brighton which is the main perceived barrier to [my] bike use”. In the post-trial interview or focus group, the same participant stated (see also Figure 11):



“There were days I did an awful lot of cycling to and from work and the bike is an absolute lifesaver. You can’t get up the hills that I go up and I live right at the very top of Ditchling road so there is only one route that you can go by road to there […] and that is a non-stop climb for about three or four miles. It is sort of not practical. I mean, yes, you can do it, I have got a mountain bike as well, it has got 24 gears, and you can kind of do it if you don’t mind your legs falling off. But I do. On the e-bike I can do 20 km an hour up that hill. That just about says it all really. […] You only have to get into moving out of the eco-mode at the very steepest bits […]. So it is an absolute lifesaver. It makes all the difference.”




4.1.4. Different Routes and Distances


Another practical benefit reported was that the use of the e-bike opened up different routes and distances for cycling in a hilly context. One participant stated: “The best aspects for me were the choice of routes that it opened up for commuting that actually come in over the hills and on the quieter roads and can be away from the traffic on routes that I wouldn’t be able to attend on a bike without assistance because it would just be too much”. In the UK, 24% of the National Cycle Network is on quiet minor roads [43]. Quiet minor roads are much hillier (up to 20% gradient) than the main road direct route (up to 8% on an A Road) [44,45]. While most conventional cyclists effectively ‘blacklist’ certain routes because of their hilliness, the switch to an electrically-assisted bicycle seems to have the potential to change mental cycling maps to include routes with inclines.



The following example concerns a commute that is both hilly and long (see Figure 12). The relevant trial participant lived in the Sussex countryside (north of Brighton) and had to cross the South Downs (a hilly range) via Ditchling Beacon. Ditchling Beacon is 7 miles north of Brighton and one of the three highest ‘peaks’ of the South Downs at a height of 248 m. Its steep north face is often used by race cyclists for training, and it featured in the Tour de France and Tour de Britain.




4.1.5. Hill Starts


Starting on an uphill section requires quite a bit of strength to get a conventional bicycle up to speed on the incline. Several participants commented how the assistance made hill starts easier, for example: “on the uphill start, the assistance is amazing. It’s really helpful”. Another person stated: “Hill starts weren’t too bad. I had it pretty okay as long as I remembered to sort of do that pedal up and then whoosh”.





4.2. Practical Issues Raised


4.2.1. Hill Starts


Hill starts were discussed as benefit, as just described in Section 4.1.5. They are also listed here as an issue because one participant struggled with the hill starts: “The battery assistance got me easily uphill, but when the traffic stopped part way up, I couldn’t take off again safely as the bike was so heavy. Found it best to use full power and lowest gear, although still a bit wobbly”.




4.2.2. Battery


Participants discussed how e-bike use uphill impacted on the bike battery, e.g., “hills do flatten the battery”. However, these comments need to be understood in the context of the trial bicycles—The monitoring system was also powered by the bike battery (see Section 2 and [37], meaning it drained more quickly than regular e-bike batteries. Also, comparable e-bikes today would have at least double the battery capacity.



Some participants changed the level of assistance to preserve battery for uphill sections of their journey, for example: “I had it on low [assistance] as much as I could, I even had it off sometimes so I could save the high assistance for the hills”. There were also instances where participants ran out of battery on hilly rides. One reports how “coming back from my evening class, my battery was quite low [and then] ran out […] as I was going up the worst hill of that journey so I had to get off and walk so it really showed me what a difference it [the assistance] had made”.




4.2.3. Jerky Power Transmission


A small number of participants who were using the front-hub motor e-bike reported experiencing the motor to be a bit ‘jerky’ at times when riding uphill: sometimes “it felt like [the motor] was pushing and pulling and pushing and pulling” and “up those hills it would give me a bit of power and it would slacken” while they were still overall “fine going” uphill. Similar experiences are described as “when you’re going up a hill […], it’s almost like engage stop engage” and “the power occasionally disappeared for a second whilst on hills which was a little unnerving”. One participant reported “the power [i.e., assistance] failing on two separate hill incidences, with two different bikes” (i.e., also the mid-motor e-bike) but this experience was not shared by others.




4.2.4. Insufficient Assistance


A small number of trial participants reported that they found the assistance was insufficient to cycle uphill. For example, one participant reported: “even with the electric bike, I couldn’t get up the hill (…) I never had to get off the bike apart from this hill just at the back of the university, the really big steep hill going up towards Hollingbury”. This needs to be understood in the context of many trial participants having had little previous cycling experience, and many also not being very fit.





4.3. Psychological Benefits of E-Biking on Hills


4.3.1. Enjoyment


Enjoyment is the emotional response most frequently mentioned in conjunction with assistance and here are some examples for how this was expressed in the hilly context. One rider “did really enjoy that extra power that it gave particularly on hills” and another one reported that they would “get to the top and [be] riding around with a big grin on my face the whole time, and oh how easy this is”. Another rider stated: “going up the hills is good because I can then turn up the battery, then power through, so for that, absolutely loved it”, with another one describing: “Up the hill is amazing, absolutely amazing, but you have to be on first gear and set at 3 lights, the highest and then you take off and it’s brilliant, I mean you still get out of breath and you still have to ride but it’s brilliant”. It is well established that riders get exercise when riding an e-bike e.g., [46]. However, this captures an associated and important finding: the subjective enjoyment of the e-bike-enabled exercise.




4.3.2. Workout


One reason for switching assistance levels was related to physical activity, also in relation to hilly terrain. Trial participants reported that “going up some of the hills I went up on the bike I still felt as tired as if […] you had given me a really good work out” and “I had it in high assistance and I was still really really pressing to get it up there [onto the hill]” Also: “Southover St which is a massively steep hill […], I did it in the saddle but my heart rate was still completely up the toppish” (see Figure 5 and Figure 6 for detail about the road mentioned).



Many of the trial participants were not particularly fit and this is reflected in several statements. Thinking back to their first e-bike day, someone remembers having had “delusions of grandeur when it came to how much assistance it could give somebody of my physical stature to get up a long hill” as they “had pictures of myself flying to the top of it with no effort whatsoever and when I got to the top I was only just able to, actually, so yeah it was still difficult to get up a long steep hill” (note: they refer to Elm Grove, see Figure 5 and Figure 6). And another participant explains that they “had it in top [assistance] for most of the time” as they needed to get some basic fitness levels first, and could then “feel myself getting fitter [and then] using less [assistance] and I tried to limit [the] assistance…other than on a particularly steep hill”.



Previous research has identified the wish to reduce exertion and knee pain as a factor in e-bike use amongst older adults e.g., [47,48] and this also comes up in our research material: “Going up hills, the power helps so there is much less strain on my knee, so less pain and more cycling”. It was also reported that, by reducing the potential exertion required, the e-bikes helped to overcome excuses that people give themselves to not cycle (e.g., ‘I’m too tired today’ or ‘I might not make it’), thereby acting as an incentive to cycle/exercise.




4.3.3. Playing’ with Assistance and Gears


Participants discussed their use of assistance in relation to the gears. Half of the trial participants’ bikes had a 3-gear hub; the other half had a 7-gear hub (see also Section 3). Most had little cycling experience, which is important context for some of the comments in this section as less experienced cyclists often struggle with gears see e.g., [49] such as the skills needed to work the shifters efficiently and to shift down at intersections and at changes of slope. Wilson [50] explains how efficient use of gears is important in terms of both comfort, and efficient power output to optimize speed. In our study, the gear/assistance interaction is often described as ‘fiddling’ or ‘playing’. One participant with a seven-speed e-bike stated that “I could drop the gears down to about third and so still do some hills on eco” while they also outline a different approach: “to stay in seventh gear and then put the power up”. Overall, they “started using the gears more and fiddling with the power less” when climbing hills.



Another participant (using an e-bike with three gears) also remarked that they were “playing with the gears depending on whether it was a hill or flat and then adjusting it with the other three [assistance] settings”. They found that the smallest gear was not the most helpful uphill, as the assistance on the bike increased with the amount of pressure put on the pedals (up to a point). Some participants would have also enjoyed more than three gears, especially in relation to hills: “there were significantly less gears on the bike compared to my usual bike—This made cycling up very steep hills difficult”.



Several participants reported that they needed some practice to get the right combination of gears and assistance, especially when adjusting between different kinds of terrain, such as between flatter and hillier sections of a trip. These participants also stated that they became experienced with this after a little while. “Playing” is used various times by participants to describe the combined process of gear and assistance changes, e.g., “that’s why I’m using the term ‘playing’, because I kept changing”.






5. Discussion and Conclusions


It is widely accepted that hills are a barrier to cycling. Work by Parkin and Rotheram [21] suggests that a slope of 4% or more may require at least 50% more effort to cycle, and many residential districts have hilly topography. Meanwhile, it is also widely accepted that making it easier to cycle on hills is one of the benefits of an e-bike. According to work by Philips [3], ebikes, where power assistance augments the rider’s physical effort, could in some areas more than double the amount of car travel that could be replaced with use of conventional bikes [35].



This paper is the first to focus on e-cycling in hilly contexts and also the first to draw on sensor data of assistance use in conjunction with GPS data and qualitative data (interviews, focus groups surveys), thus making a robust and novel contribution to the literature on e-bikes and micromobility, as well as sustainable mobility and transport in general.



The findings in Brighton reinforce the importance of the electric assistance in making some hills ‘manageable’. On hills above a certain steepness, almost all participants chose to use the assistance, regardless of their cycling experience or fitness. For example, one participant reported: “the difference of altitude was sort of taken away, effectively because of the power that the bike gives […]—That was the main effective feature for me”.



For some participants, this, in turn, made some journeys possible that they did not previously consider. One important case was the commute trip for people living at the top of hills, which was relevant to several participants. In other cases, through using the assistance on hills, people reported being able to take more direct routes, or to travel faster, or to cycle for longer distances than would otherwise have been possible. Reduced journey times and longer travel distances as a result of e-bikes are also reported in the literature, as outlined previously.



However, the evidence reported in this paper highlights that the benefits may be more than just effort reduction. In addition, there may be a range of psychological benefits from use of e-bikes, since they affect the quality of the cycling experience, making it more enjoyable, less tiring and less intimidating. Being able to travel up a hill with reduced effort was often reported to generate euphoria, or a sense of achievement. For example: “Up the hill, […] then you take off and it’s brilliant, I mean you still get out of breath and you still have to ride but it’s brilliant”. For the bikes used in this study, and given the relatively steep hills in Brighton, this was often conflated with a sense of having done a ‘good workout’, since effort was still required—For some people, use of an e-bike meant the effort required became manageable or more fun. In other cases, the effort reduction was sufficient to avoid arriving somewhere hot and sweaty. People also reported ‘playing’ with combinations of assistance and gears, implying that they found a benefit from having additional options, and being able to optimise their experience.



The study also highlighted various specific issues, relating to safety and reliability, that may be relevant for bike design, sales and e-bike safety training. One issue raised by participants related to hill starts—a feature of the driving test, given that starting off uphill is not straightforward for any vehicle. Some study participants reported that the extra boost of power from the assistance made this much easier; others reported that the weight of the bikes generated problems. This, therefore, is one potentially important area of training.



Other issues with using bikes on hills related to loss of battery life, jerky power transmission and simply requiring more power given the nature of the hill and the participant’s fitness. Some of these issues were related to the GPS monitoring system also using the e-bike battery, and today’s e-bikes have more powerful batteries and motors. Still, this highlights that manuals and other customer information need to indicate that use on hills is relatively power hungry. Ensuring smooth delivery of assistance on hills may be a particularly important feature for bike design. It is also important that customers have a realistic idea of what they are purchasing—and appreciate that riding an e-bike will still require some effort. ‘Try-before-you-buy’ schemes may be particularly helpful in this respect. The findings also challenge arguments against investing in cycle facilities in hilly areas, since only a ‘hard core’ of people would cycle, and indicate that hills should not act as a reason to deselect locations for investment in cycling infrastructure.



In brief, therefore, the findings reported in this paper provide strong evidence that confirms previous studies which suggest that e-bikes may increase the likelihood of people cycling, since the benefits are not simply electrical assistance for particular journeys, but also relate to the enjoyment of cycling, and the viability of using a bike more generally. The findings therefore strengthen the case for policy support for e-bikes as a key transport mode, whilst also highlighting particular issues for e-bike training, manufacturing and sales. The insights from this paper are applicable for urban and sub-urban hilly areas across the UK, and internationally.



Future research on the role for e-bikes in hilly contexts could include empirical studies in other cities and countries (and with more recent e-bike technology); comparison to other modes of micromobility (for example electric scooters); evaluating the effectiveness of policy instruments that support e-bike uptake in this type of geography; regional, national and international modelling of the e-bike’s potential to reduce transport-related carbon emissions; the extent to which the additional features of e-bikes enable changes of car ownership; the potential for e-bike hire, leasing and shared schemes; and the role of e-bikes in providing more sustainable leisure and tourism opportunities. All of these are current research gaps that would extend this paper’s work.



Through work related to this paper’s study, Cairns et al [4] have shown that the e-bikes used in Brighton replaced 20% of car travel, and from this, Philips et al. [6] have extrapolated maximum CO2 savings of up to 8 million tonnes per year for the UK, with potential benefits in both rural and urban areas. Whilst these findings are not the focus of this paper, they help to underline the potential value that e-bikes have in transitioning to a healthier, lower-carbon society, whilst this paper highlights that the key role they play in reducing the deterrent of hills and the multi-faceted way in which they can make cycling more practical and appealing.
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Figure 1. Visualisation of key elements of [10] which harmonises with EU law [11]. 
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Figure 2. Topographical overviews of Brighton and Hove, seen from the north (figure a) and selected area of the city, seen from the south (figure b). 
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Figure 3. Two types of e-bike were used in user trials, the Raleigh Dover (left) and the Velo-cité (right); both low-step and cross-bar versions were used. 
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Figure 4. The handle-bar mounted panel for switching the assistance on/off and selecting the level of assistance (low, medium, high), for the the Raleigh Dover (left) and the Velo-cité (right) model. 
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Figure 6. Partial view (from the north towards the sea) of Brighton and Hove (with 5× vertical exaggeration); showing the Hanover/Queens Park areas where six of the ten steepest roads in Brighton are located. The recorded assistance data for trips on these roads are visualized. See Figure 5 for more detail. 
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Figure 7. Visualisation of multiple trips by multiple users, illustrating how different levels of assistance are used in the same or similar locations. 
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Figure 8. Visualisation of a user trip where the assistance was increased when going uphill, with quote by the same user. 
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Figure 9. Use of high assistance on a (slightly) uphill route northbound from the seafront. 
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Figure 10. Use of low assistance used for the uphill direction of a trip (a) and switching from low to no assistance on the downhill direction (b). 
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Figure 11. Two moments of a participant’s trip: the beginning of the trip in low assistance (a) and a later section of the trip with a switch from low to medium assistance (b). 
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Figure 12. Section of a long and hilly commute where a combination of high and low assistance is used. 
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