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Kurzzusammenfassung
Ein verbesserter Zugang der ländlichen Bevölkerung Namibias zu Dienstleistungen, Märkten und
Einkommen weißt ein starkes Bedürfnis nach alternativen Mobilitätsangeboten auf. Die
vorliegende Studie adressiert diese Thematik indem sie einen solarbetriebenen E-Bike Verleih
entwirft. Dieses Konzept zielt darauf ab, einen Beitrag zur Mobilitätsverbesserung in der Omusati
Region in Namibia zu leisten. Erstellt wurde es mit Hilfe eines „bike-share planning guides“ [1],
welcher die für einen Fahrradverleih wichtigsten Parameter aufzeigt. Diese Parameter wurden
durch weitere Literatur an die lokalen Bedingungen in der Region angepasst. Die Ergebnisse der
Studie bilden am Ende ein theoretisches Konzept, welches die Grundlage für die weitere Planung
und Ausarbeitung eines E-Bike Verleihs als alternatives Mobilitätsangebot in der Omusati Region
bildet.

Abstract
Improved access of Namibia's rural population to services, markets and income reveals a strong
need for alternative transport services. The present study addresses this issue by designing a solarpowered e-bike rental. This concept aims to contribute to improving mobility in the Omusati region
in Namibia. It was created with the help of a "Bike Share Planning Guide" [1], which demonstrates
the most important parameters for a bicycle rental. These parameters were adjusted to local
conditions in the region through further literature. The study results at the end in a theoretical
concept, which forms the basis for the further planning and development of an e-bike rental as an
alternative transport service in the Omusati region.
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1 Introduction
” Sustainable development is more than a goal. It is our responsibility to our
planet and future generations” – António Guterres [2] –
In 2015 the united nations agreed on seventeen goals (SDG) ensuring a sustainable development
of all countries by the year 2030. In order to leave no one behind, economic, ecological and social
factors are united in these goals and thus creating a sustainable future. To ensure the success of the
agenda, developing countries, emerging economies and industrialized nations must all work
together [3]. Therefore, the Federal Ministry of Economic Cooperation and Development (BMZ)
commissions the Deutsche Gesellschaft für internationale Zusammenarbeit (GIZ) to support
selected partner countries in their implementation of the Agenda 2030.
One of those partner countries is Namibia, where the GIZ has been working since the country
gained its independence in 1990 [4]. In this context, one of the areas in which Namibia receives
support from the GIZ, is the transport sector. The majority of the Namibian population live in rural
areas [5] where limited access to transport modes and infrastructure are the main reason for the
inhabitants not being able to access health facilities, education or markets. Currently, to reach those
key services, long waiting hours and high transport costs have to be applied [6]. Therefore, rural
inhabitants need efficient, affordable, safe and reliable transport modes [4].
It is widely documented [7], [8], [9], [10] that in many developing countries bicycles are an ideal
transport mode to address the described needs. In Namibia, however, the use of bicycles as an
alternative and affordable transport mode is limited. Especially in rural areas, where only a few
inhabitants can afford a car, this results in long walking distances or long waiting hours to reach
the key services [11]. The following study addresses that topic by developing a theoretical concept
about an affordable and alternative transport mode. The work is part of the implementation process
of the Master Plan for Sustainable Transport for Ohangwena, Omusati, Oshana and Oshikoto
Regions [12]. In the context of the Master Plan, several pilot projects are being determined. The
development of one of these pilot projects was carried out in this study by creating a concept to
improve mobility in the Omusati region using a solar-powered e-bike rental. The concept is
elaborated with the use of a bike share planning guide, creating the framework. Additional
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information with regards to the local conditions complete the design of the e-bike rental. Therefore,
the study is divided into seven chapters.
The first chapter addresses in an overview the topic of transport in rural areas. In this context, the
reason for the significance of transport is pointed out. Furthermore, the chapter describes the
current situation in rural areas in terms of transport and how the Namibian government in particular
intends to address this topic. Additionally, a more detailed insight about the role of bicycles in this
context is provided.
In chapter two the subject is classified geographically. The description of the study area starts
with an overview of the country Namibia. Subsequently, the region selected in this study, Omusati,
is presented in detail. With regards to this region, the transport situation is highlighted more
precisely.
The third chapter deals with the topic of creating an electric bicycle (e-bike) sharing system.
Information about the history of bike sharing introduces that topic. The second part of the chapter
informs about the technical components of an e-bike sharing system.
Chapter four methodically determines the parameters needed to plan an e-bike rental. Information
on bike share systems, transport costs, bike share planning metrics, size of the system and detailed
planning and design is hereby given. In addition, the chapter identifies the solar potential of
Namibia which ensures that the batteries of the bikes are charged by solar power. Hence, a design
calculation is carried out with the aim of determining the exact number of solar modules required
for the battery charging.
Chapter 5 deals with the presentation of the results. Here, the parameters developed in the previous
chapter are summarized to a final concept. This concept describes and defines in detail a solar
powered e-bike rental to improve mobility in the Omusati region.
In the last two chapters, the study completes with a conclusion and a summary.
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2 Transport in rural areas
Overview
Good access to transport infrastructure and services is one of the main factors to provide poverty
reduction and rural economic and social development [9]; [6]. It is estimated that three-quarters of
the developing world´s poor live in rural areas [13] and therefore those regions need special
attention when it comes to reducing poverty. Starkey [6] recognized that transport is required for
key services such as health and education facilities and markets which allow agricultural sales,
household purchase, employment and income-generating opportunities. The ability to have access
to healthcare is needed by all members of society, especially however, children, women of
reproductive age, older people and people with disabilities, who at the same time are often limited
or challenged in their mobility. On a daily and regular basis, children need to access schools which
are often not within walking distance as well as inhabitants have to travel for employment
Starkey [6] and Porter [14] also note that currently many rural residents often have to wait for an
hour or longer at the side of the road for a transport service or, the transport gap has to be filled as
a pedestrian. Moreover, even if transport services are available, the prices are often too costly for
the majority of the rural population. This leads to the fact that, because of the undependable and
unpredictable mobility service, people do not consider transport for daily requirements nor for
business. Farmers and artisans will not produce and prepare goods for selling them at the market
if they can´t rely on transport service when they need it. The result is a descending spiral of reduced
mobility and thus a decrease in economic opportunities.
Therefore, rural inhabitants need transport on an affordable, predictable, dependable, timely, safe
and secure basis [6]. Schmid et al. [9] are pointing out that while improving mobility, the main
focus of international development cooperation lies in the construction and maintenance of
infrastructure. Less attention has been paid to the improvement of mobility services like public
transport schemes. One of the reasons for this is the combination of relatively low population
density and low incomes. Hence, transport services are seen as economically unattractive and are
not being realised. However, it is essential for the development of a country that in addition to the
infrastructure also the mobility of people and hence the motorized, non-motorized and public
traffic is considered [14].
-3-

The government of Namibia has shown increasing recognition of the need to evolve an appropriate
strategy for rural transport as well as for the lack of road construction. Thus, the Master Plan for
Sustainable Transport for Ohangwena, Omusati, Oshana and Oshikoto Regions [12] was
developed during the period 2014 to 2017. The purpose of the Ministry of Works and Transport,
which is the custodian of this Master Plan, is to drive the strong socio-economic development
potential and opportunities forward by improving transport accessibility, mobility and
connectivity. "Therefore, pilot projects will assess appropriate transport services and transport
technologies, based on the positive experience from other countries facing similar requirements
for improved rural access and mobility" [12]. One proposed pilot project to increase mobility in
the rural areas of Namibia is to test and assess various transport options. The Ministry presented a
summary of non-complementary transport options to be trialed and evaluated in remote
settlements/villages. In order to achieve the goals of the Namibian government, this study deals
with the topic of a solar-based electric bike rental to improve the transport situation.

Bicycles in connection with rural transport
"Poverty alleviation requires improved mobility so women and men can access daily needs,
services, markets, and income" [7]. Comprehensive rural transport systems involve transport
modes, operation to and from hubs within villages, market centres and towns [7]. For this study
transport is divided into the categories of motorized, non- motorized and public. Starkey et al [11]
note that motorized transport includes cars and motorcycles owned by their user. However, a selfowned bakkie1 can be transformed into a public- transport option when the owner is ready to take
people on the back of the truck. Additionally, public transport service in rural areas might include
passenger trucks, minibuses and taxis. Non-motorized transport is mainly defined by bicycles or
e-bikes. Nevertheless, because of non- existent transport options, walking is still the default mode
of transport.
Riverson et al. [15] note that, for the above-described reasons, alternative and affordable means of
transport are needed. Therefore, it is crucial to explore the potential of bicycles as an alternative
to existing services. It is widely documented, that the bicycle plays an important role when it comes

1

Light truck or pick-up truck [49]

-4-

to the facts of improving the efficiency of direct productive tasks and connecting rural fields and
villages and nearby road networks or market towns. Bicycles provide low-cost and affordable
means of transport and are far beyond head- or back loading. However, the geographical coverage
of their use is limited.
Often the reasons influencing the efficiency of rural transport services are economic demand, cost
of technologies and inputs, competitive transport markets, a critical mass, appropriate
infrastructure, availability of a range of affordable transport technologies, socio-cultural influences
and appropriate policy and regulatory environment [7]. More specific, the scheme of use of
transport technologies vary according to differences in population, incomes, cultures, topography,
climate, farming systems and transport needs as well as in specific paradoxical patterns attributable
to local inventiveness, entrepreneurship, preferences, fashions and chance circumstances [7]. Or
even, it just depends on the willingness of men and women to learn how to ride a bicycle [15] or
to consider the bicycle as a means of transport. Experience shows that often when alternative
modes of transport are being presented, people avoid their use because of skills required or missing
social acceptance [15]. However, it is essential to understand the conditions favouring adoption,
so conducive policy environments can be created [7].
Yet, according to Starkey [7], Bicycles are very flexible and therefore they have an advantage over
other transport systems. Additionally, they are the most available and affordable means of
transporting people and small loads for short distances. In most areas, their use is increasing.
Malmberg-Calvo [10] discovers, that in many rural areas inhabitants use bicycles to travel outside
the village such as going to market, travel to a nearby centre or town, going to work or for a social
visit. Also transport services are done by bicycle as in the case of rural trades who transport goods
from the local villages to the markets for further sale. Additionally, passengers or goods are taken
to their destinations by bike both within towns and local trading centres, as well as to and from
surrounding rural areas.
Looking more closely at Namibia, it becomes clear that cycling is not a common mode of transport.
A total of 10.8 % of Namibia’s households own a bicycle [16]. Compared with Germany where
80 % [17] of the households own a bicycle and 64.3 % [18] use it daily as a mode of transport, it
can be seen that cycling is not a common picture in Namibia. Hence, only little data exists on the
-5-

use of bicycles. However, it can be said, that bicycles are not used as a transport service and
walking and carrying is the default option for most rural inhabitants [11].
The Master Plan North [12] points out that due to the unique combination of topographic, climatic,
geographic, socio-economic and cultural characteristics of northern Namibia it is a challenge to
implement alternative transport services and technologies such as bicycles, motorcycles, threewheelers and “improved” bakkies. Therefore, it is suggested that specific pilot projects assess what
kind of technologies and services are the most reasonable to implement. The pilot projects are
based on the experiences made in other countries facing similar transport issues. The projects will
concentrate on people living within identified and suitable transport catchment areas subject to the
targeted mode of transport. The difference of the rural residents by gender, age, occupation,
abilities and their access to funds as well as the distance between their homes and their local
transport hubs, nearby- all-season roads and the distance to the nearest key service such as shops,
markets, schools, clinics, employment, etc. points out that a flexible, time-independent, costeffective mode of transport is needed. The Ministry concluded that intermediate means of transport
such as bicycles, electric bicycles, motorcycles and three-wheelers are very suitable as an ondemand service and short-distance journeys with small loads. With short-distance transport
demand, typically for distances of one to ten kilometres, the inhabitants can obtain employment
and income or get access to longer-distance transport.
However, Starkey et al. [11] found out that the main arguments against the use of a bicycle are the
missing infrastructure, the hard work in sand, the difficulty in the raining season, punctures and
the danger if used on main roads without cycle lanes. Nevertheless, it is shown that intermediate
modes of transport, especially bikes and e-bikes can improve the transport situation in northern
Namibia because they can be used for individual mobility, as well as provide timely, point to point,
on-demand transport services.
Therefore, the Master Plan [12] points out that it is essential to adapt the technology to local
conditions. The physical and socio-economic environments of northern Namibia are unique and
the system needs to be appropriate to sandy conditions, annual flooding and the needs of the
inhabitants living in the remote villages of the region. Hence, the Ministry decided to pilot the
technology in selected areas. This is where the present study becomes relevant. A closer look on
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the study area and electric bicycles will be taken and the concept of an e-bike rental will be
discussed in detail.

3 Study Area
Namibia
Namibia, located in south-western Africa, covers 824,292 km2 and is thus the 34th largest country
in the world [11] and twice the size of Germany. However, with only 2.5 million inhabitants, it is
the second least densely populated country [19], behind Mongolia [4]. Namibia is a coastal country
and bordered by South Africa in the south, Angola and Zambia in the north and Botswana to the
east. The climatic zones can be described as arid, semi-arid and subtropical. Namibia is one of the
driest countries south of the Sahara [20]. The country is demarcated in fourteen regions.
Figure 1 shows a map of the regions by its population density.

Figure 1 14 Regions of Namibia. [5]

Five regions can be identified as relevant in terms of population density — the Khomas region
(where the capital Windhoek is situated) as well as four regions in the central north of the country.
40 % of the country's population live in Ohangwena, Omusati, Oshana and Oshikoto [12]. Despite
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rapid urbanization (43 % urban population in 2011; 48 % urban population in 2016), the majority
of the population still lives in rural areas [5]. Namibia is categorized as an upper-middle-income
country mostly because of the country’s natural mineral riches and the tiny population density
[21].
Starkey et al. [11] have identified that the size of the county, the population pattern and the national
wealth have influences on the transport system. Most interurban roads are paved and in good
condition. However, the traffic volume is low in international comparison. Traffic on 80 % of
unpaved roads is even lower. Looking at the vehicle ownership a significant increase can be noted.
In 2015 twice as many vehicles were registered in the four regions than in 2006. Alternative
transport services are generally low throughout Namibia and almost non-existent within the remote
rural areas. The offered services are mostly taxis in urban areas and along paved primary roads.
Looking at inter-urban and local transport it is completed by minibuses, bakkies and some longdistance buses on major inter-urban roads.

Omusati
Together with Ohangwena, Oshana and Oshikoto, Omusati is one of the regions the Mater Plan
for sustainable Transport, developed in the context of GIZ's work in northern Namibia, considers
in detail. Omusati has a particularly high development potential in terms of transport [12].
Therefore, the Master Plan selects the region in order to pilot alternative transport technologies
and operational systems [12] and the pilot project which will be developed in this study below is
going to be adapted on this region.
Omusati is one of the most populated regions in Namibia. According to the Namibia inter- censual
demographic survey [5], 249885 inhabitants live on 26.600 km2. This results in a population
density of 9.4 persons/km2 (German population density; 232 persons/ km2 [22]). Compared with
the rest of Namibia where the average population density is 2.8 (2016) persons/km2, Omusati is
one of the denser populated areas. In the North, the Omusati region is bordered by the international
boundary with Angola, to the east by the Ohanagwena and Oshana regions and to the south by the
Kunene region [12].
It is essential to know that most of the population is concentrated in the northern half of the region.
The southern half, as well as the western border, are sparsely populated [12]. The capital of the
-8-

region is Outapi [12] with 6437 inhabitants [23].The primary income source of the households is
subsistence farming with 38.5 % [16]. In terms of infrastructure development, the region was
neglected before Independence mainly referring to the road, water and telecommunication
infrastructure as well as education facilities [12]. In the region, 28.9 % of the inhabitants are
unemployed, which results in the fact that many of the trained young adults are leaving the region
in search of better work opportunities [12].

Transport situation in Omusati
High transport costs and long walking distances are the two main arguments addressing the
transport problem in the Omusati Region. Referring to the Master Plan [12] a daily commuter with
a five-day work/ business week, using a local taxi at a rate of 20 NAD for a return trip, has to pay
436 NAD per month on traveling costs (5 days per week at 20 NAD per day over 4.36 weeks per
month). With an average income of 786.5 NAD per capita per month (Average annual income per
capita of 9438 NAD in Outapi divided by 12 months) this results, in 47.1 % of the commuter's
monthly income.
It is crucial to mention that not every inhabitant needs to travel five days a week. Additionally, the
calculation was undertaken with the average income per capita of the region, but a daily commuter
to and from work usually earns an income above the average per capita income given for the area.
Therefore, it can be considered that the monthly expenses for transport are lower than 47.1 % and
the percentage is an indication of the substantial amount spent on transport. Compared with the
urban area, especially Windhoek where 25 % of the monthly income is spent on transport [24] it
becomes clear that the rural areas need special attention in terms of affordable transport services.
Another indicator of why the transport system needs to be reformed are the long walking distances
to the closest key services. In the Namibia Household Income and Expenditure Survey, undertaken
by the Namibia Statistics Agency (NSA) in 2015/16 [16] a detailed overview of the access to
services was given. Beginning with the time taken to a drinking water source, it appears that 16.1
% of the population of Omusati need 16-30 minutes to access this service. Regarding the distance
to health facilities, 38.3 % of Omusatis inhabitants live within 2 to 5 kilometres. 20.9 % even have
to cover a distance of 11 to 25 kilometres to access a hospital/clinic. The distance to public
transport is far shorter. 45.3 % live within 0 to 1 kilometres and 40.4 % within 2 to 5 kilometres
distance to public transport. However, a public transport system in the region does not exist and
-9-

the source doesn't clarify how it defines the term public transport. Hence, it only can be assumed
from other sources that the term of public transport is defined by taxis, minibuses, bakkies or
passenger trucks [11]. The last key service addressed in the survey is the distance to primary
school. As mentioned earlier, the distance to primary schools is often not that high. This fact is
underlined by the Namibia Statistics Agency, saying that 50.4 % of the households in Omusati live
within a distance of 2 to 5 kilometres to a primary school. However, with 83.4 % walking is the
primary mode of transport to access school. It needs to be mentioned that this percentage refers to
the whole population of Namibia. Therefore, just an indication on the transport situation in the
region is given. Nevertheless, it can be assumed that the majority of the school attendees in
Omusati use walking as their mode of transport. This leads to the fact that in order to reach the
school, the children have to travel thirty minutes to one-hour walking. Additionally, access to
primary schools is the only aspect the survey points out. There is no data available addressing the
distance to secondary schools although this is the parameter that is more important to identify
because secondary schools are more spaced out and thus more difficult to reach [25]. Therefore,
the above discussed aspects leave a clear need for improved mobility in the Omusati Region to
allow the rural inhabitants addressing the key services.

4 Electric bicycle sharing
The following chapter provides an introduction on the topic of (e)-bike sharing. Firstly, an
overview on the development of bicycle rental systems in general is given. This topic is followed
by background information on the technical components of an electric bicycles sharing system. In
detail the component electric bicycle, the goals addressed by an electric bicycle rental and the key
parameter of such a system are considered.

History of bike sharing
The model of bike sharing exists since 1965 and has developed very much over the past years [26].
There have been three generations of bike sharing systems. The first generation was developed in
Amsterdam, where the sharing system was introduced as a way to reduce automobile traffic in the
city centre. Fifty white bikes for free use were distributed around the town [1]. The bikes were
dockless and could be borrowed and left anywhere in the city, to be taken again by the next person.
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The most significant issues concerning this type of bike sharing were vandalism and theft and
therefore, this system was not successful [27, 26]
In his paper, DeMaio [27] discovers that the second generation of bike-sharing programs was born
in Denmark in 1991. Those systems were small and it was not until 1995 that the first large scalesecond bike sharing program was launched in Copenhagen under the name of Bycyclen. This
system had many improvements over the previous generation, i.e., that the bikes were specifically
designed for full utilization including solid rubber tires. Those bikes could be picked up and
returned at specific locations throughout the central city. To address the safety issue, a coin deposit
was needed. Although more secure than the previous system, theft due to the anonymity of the
user was still a problem. This fact allowed developing a new generation of bike-sharing with
improved customer tracking.
In 1996 for the first time, a magnetic stripe card was used to rent a bike at Portsmouth University
in England [27]. The primary advantages of the third generation of bike-share was to seek to
improve security, accountability, monitoring capacity and billing [1]. Electronically- locking racks
or bike locks, telecommunication systems, smartcards and fobs, mobile phone access and on-board
computers were technological improvements to achieve the goals [27]. In the following years, bike
sharing grew slowly with a couple of programs launching annually [27]. Furthermore, it is to
mention that in 2005 and 2007, France launched highly successful third generation bike-sharing
programs in Lyon and Paris [26], which became the prototypes for third generation systems [1].
"Over the last years, innovative shared bicycle facilities have imposed themselves more and more
as a means of local transport, including rural areas" [28]. However, it is very rare that Bike
sharing system (BSS) are implemented in rural areas. Hence, it is not possible to refer to the
experience of other systems.

Background information electric bike sharing
This sequence will refer to Cherry et al. [26] who gives a useful overview of the understanding of
what e-bikes are and how an e-bike sharing system should look like, including the technical
parameters.
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An electric bike is a bicycle with an integrated electric motor used to assist the rider pedalling [29].
There are different types of e-bikes available on the market. One of the main differences between
those bikes is how the motor gets controlled. One can distinguish between two motor control
concepts. First, there is the concept of "twist and go". The user gets control of the electric motor
through a twist throttle where the output of the electric motor is proportional to the position of the
throttle. Typically, the cyclist doesn't need to pedal which results in a negative effect on the electric
assisted range. The second concept is the concept of pedal assistance. Those bikes include a sensor,
measuring the pedalling input and adding electric power to reduce or limit maximum user effort.
The rider is required to pedal and an on-board technology supports the rider by supplementing the
rider´s exertion with electromagnetically power. This technology helps the rider overcome
challenging geography without eliminating the need for the rider to pedal. Therefore, electric bikes
are more attractive to cyclists who might otherwise avoid traditional bikes. The technology has
emerged in parallel with the rising popularity of bike sharing in the past decade.
The goal of bike-sharing is most likely to attract casual bike riders who don´t own bikes, commute
by car, or use transit, if available. Due to the unique combination of topography, climate,
geography, socio-economic and cultural characteristics, many commuters won't ride a bike. Those
barriers could be overcome by electric bicycles. However, electric bicycles are more expensive
than non-electric bikes. The possible price barrier could be managed by a sharing system, where
the costs are spread over many users. A sharing system also casually introduces the technology to
users without the commitment of a purchase. The system components of a bicycle sharing system
are the e-bikes, a vending and charging station and a support system. The stations function as
physical security, vending and charging points.
A key parameter concerning the design of a station is whether the battery is fixed or removable. A
closer look on the battery charging system is taken in the chapter below. Generally, battery
charging makes the difference between non-electric and electric bike sharing systems. The
recharge of the batteries needs access to a reliable source. In a country where the solar potential is
available like in Namibia, it makes sense to use the sun to generate the electricity needed.
Additionally, the disadvantage of solar-based systems needing storage can be fixed in an electric
bike sharing system because the battery charging is the primary power consumption and they
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already function as storage. Hence, it is shown that the creation of an e-bike rental with a solar
charging system may be a near ideal technology.

5 Planning an electric bike share system in the Omusati Region of
Namibia
The development of the concept is based on the following methodology. Online research and
reading in-house literature gave a first overview of the topic and led to the induction on how to
create a bike sharing concept. Thereby, it was found out that only very little data exists on the
implementation of a rural E-Bike sharing system. Therefore, different sources had to be combined
to gather all the information needed. Two main sources are distinguished, which are briefly
presented below.
The Master Plan for Sustainable Transport for Ohangwena, Omusati, Oshana and Oshikoto
Regions [12], hereinafter referred to as Source A, was used to describe the actual situation and the
development plans in the region. It already presents, for example how and where pilot projects
could be built up. This information is a base for further and specific planning regarding the bike
sharing system.
The bike-share planning guide [1] is used as a guidance for the detailed planning of a BSS. In the
following the planning guide will be referred to as Source B. The plan identifies the parameters to
be adopted for the development of a bicycle rental. Those parameters will be addressed in the
following chapters. However, it should be noted that when it comes to the specific methodology,
there are deviations from the ones proposed in the plan, as it focuses on urban space and large
bicycle rental systems. Accordingly, the conditions prevailing in rural areas need to be integrated
in a different way. This is achieved by using different sources, which are linked in such a way that
a rural electric bike sharing system can be implemented.
Furthermore, it will be referred to an e-bike rental pilot project done at the University of Tennessee
in 2012 by Cherry et al. [26] which was identified as the closest comparable system available.
Additionally, online research on household data revealed a survey of the Namibia Statistics
Agency. The data collected were used to get an accurate picture of the population living in the
region. Besides, they form the basis for the detailed calculations of the electric bike sharing system.
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The methodology is further split into two parts to address every needed parameter. The first part
in Chapter 5.1 will concentrate on the theoretical and technical needs. With reference to the
technical components, it will be shown which options are available and which of them are best
suited for the concept. Each parameter must be identified with in order, as the following metrics
refer to the previous ones. This guarantees that the required data will fit together and create a
functioning system at the end. The second part in Chapter 5.2 uses the results found out in part one
to identify how much energy is needed to charge the batteries. It is a design calculation with the
answer to how many solar panels are needed for a solar based e-bike rental.
To summarize, it can be said that the methodology results in matching the sources of literature to
provide the reader with strategic advice on how to improve the mobility in the Omusati region of
Namibia using a solar powered e-bike rental.

How to Plan a bike share system
The planning process of a bike rental system is divided into several steps. The review of the current
transport expenditures of the local population will provide a more detailed understanding on why
alternative transport systems need to be implemented. The knowledge of transport costs may later
become an important argument, which is why the calculations in this regard are again considered
in detail.
Subsequently, the required metrics are dealt with. This includes the definition of the coverage area
and the number of people living in this area. The methodology used to identify these parameters
is explained in more detail in the individual chapters.
Next, it's down to determining the size of the system. This will require the number of stations, the
number of bicycles and the number of batteries. One parameter that needs to be considered in
larger systems is the docks per bike ratio. In this study, however, it is not considered, as no docks
will be used.
Finally, the detailed planning and design will be evaluated. This chapter identifies the exact
locations of the stations, the size of the stations, the type of station, the bicycles and the batteries
used.
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As already mentioned above, several sources are linked to each other for the interpretation and
identification of the individual parameters. At the end of this chapter, knowledge about which
matrices are needed for a BSS, which different technologies are available and which ones best
apply to the system in Omusati will have gained.

5.1.1 Transport costs
The transport costs are calculated using the data Source A [12] and the Namibian Household
Income and expenditure survey 2009/10 [30]. The average annual income of the population in
Omusati is 9.414 NAD. This results in 785 NAD/ month. For a return trip with a local taxi, 20
NAD will be charged. Referencing to one month results in 436 NAD. Now the monthly income
and the transport expenses are put in proportion, what results in a percentage of 44.4 %.
One must, however, take into account that this is older data. No more up-to-date data exist on the
average income of the local population. Therefore, it can be strongly assumed that the value has
changed to this day. Also, referring to the chapter above, a daily commuter to and from work
usually earns an income above the average per capita income given for the area. Thus, it can be
considered that the monthly expenses for transport are lower than 44.4 %. Still an indication of the
substantial amount spent on transport is given. This is underlined by the fact that compared to
Windhoek where the transport expenditures are 25 % [24] and with Germany, where 14 % [31]
of the monthly income is spent on transport, 44.4 % are very high.

5.1.2 Metrics
System Coverage
The System Coverage Area is defined as the "contiguous area, in square kilometres, in which bike
share-stations are located" [1]. Source A already identifies on page 158 which region is intended
for the pilot project. With 47,7 % of the households relying on subsistence agriculture, the Omusati
region has been selected. Within the area, one specific region suitable for the first pilot project,
shown in Figure 2, was selected.
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Figure 2 Coverage Area pilot project Outapi –Tsandi – Okahao. [32]

It can be seen that three cities span in a triangle in the selected area. Outapi, the capital of the
region Omusati, Tsandi and Okahao. Each of these cities provide a secondary school, a hospital
and access to markets.
Starkey et al. characterize [11] the region additionally by the fact that between these cities an
appropriate distance from main roads and towns can be found. Also a clear need for better transport
can be identified. Currently, the majority of the agricultural population live within two to ten
kilometres of an all season road and public transport service. Walking and carrying or riding on
someone else’s bakkie is the default option for most rural inhabitants. The bakkies are generally
the only available motorized transport option between the villages and towns. However, they are
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very unreliable and unpredictable. It is shown that the area is in clear need of independent,
affordable and timely transport and therefore best for the implementation of the pilot project.
Additionally, a central village, Okathitu, with a combined school, ten kilometres from the nearest
all-season road exists within the coverage area. This village has a bicycle workshop serving
existing bicycle users.
After having determined the pilot project area, the next step is to calculate the exact number of
square kilometres (km2). In this regard, two different methods can be applied. The first method is
to use an online app to define the square kilometres of the coverage area. The digital Namibia App
is an offer of the Namibia Statistics Agency [33], which allows the user to specify the region with
the help of a polygon. The sector is marked with points and the system calculates the number of
km2 in the specified area. With this method, an area of 508.60 km2 is obtained, shown in Figure 3.

Figure 3: Coverage Area pilot project in square kilometres. [33]

The following parameters are designed with the value calculated with the app, since this allows
the exact shape of the coverage area to be maintained and it indicates a better comparison with the
other metrics.
The second method results out of first considerations on how the coverage area could be
determined. For this calculation the range of the E-bike was defined. A closer look at the bikes
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used for this pilot project is undertaken below, but it can be said that the battery of the bike has a
range of thirty kilometres. The major impacts on that range are the sandy conditions of the roads
and the rider´s weight. Additionally, the rider may not choose the direct way from one station to
another. No scientific data about the exact influence of those parameters on the range of the battery
could be found, especially not adapted to the region. To ensure the rider to get to his final
destination without having to recharge the battery, a range of fifteen kilometres is set. Now, a
starting point within the coverage area is defined and a circle with a radius of the specified range
around the punctum is drawn. This guarantees that the driver can move in any desired direction
around the starting point. The number of square kilometres that results from this is calculated using
the following formula.
𝐴 = 𝜋𝑟 2
With r = 15 kilometres this results in a coverage area of 706.86 km2. As the coverage area was
already specified in the research above, this method no longer has any relevance and the value will
not be considered within the further research. It serves only as an indication of which different
considerations were used for the determination of the coverage area. However, this calculation
shows that the pilot project could cover a larger area than the one actually chosen.

Population in System Coverage Area
Following the order from Source B, now the number of people living in the coverage area is
identified. The proposed approach is multiplying the system coverage area with the population
density. According to the Namibia Statistics Agency, the population density in Omusati amounts
to 9.4 persons/ km2 [5]. Multiplying this factor with the above identified coverage area of 508,60
km2 a population number of 4781 results.
However, as already stated and described above, the majority of the population lives in the northern
part of the region. As the pilot area is situated in the north, it needs to be assumed that the
population density is higher and therefore, as well the number of inhabitants. This leads to a second
method used to calculate a more precise value.
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The population distribution can be determined more clearly with the help of a geographic
information system. Due to the lack of suitable software, a colleague from another project was
contacted for help of which a shape file2 of the coverage area was created. GIZ has worked together
with the NSA on research software based on Google Earth Engine [34]. This software now
provides information regarding the population in a conscience area. The area used in this case is
defined by the shape file. Loading the shape file into the software has the result that the exact
population number for this region is defined. The data used by the software for the calculation is
the 2018 Namibia: High-Resolution Population Density Maps, developed by Facebook [35]. There
are more sources available on the population density of Namibia, for example, the WorldPop
Dataset or data developed by the Namibia Statistics Agency but due to the actuality of the date and
colleague's recommendation, the Facebook dataset was used.
As a result, a population of 32016 inhabitants in the previously defined coverage area is obtained.
The result is shown in Figure 4.

Figure 4 Population in coverage area calculated by GIZ app. [34]

2

Geospatial vector data format for geographic information system software [48]
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5.1.3 Size of System
Number of bikes per person
The first parameter that determines the size of the system is the number of bicycles. There are two
methods with a slightly different approach to identify the number of bikes per person. One way to
define the number of bikes is explained in Source B. Here, a bike per population ratio is developed.
It is recommended to assume that for 1000 residents ten to thirty bicycles should be integrated in
the system. Making use of the above-identified number of 32016, this results in an amount of at
least 3202 bikes. This number of bicycles would be necessary in a densely populated area of this
size. However, in the case of this study, it is a sparsely populated area, which is why it can already
be said that the number of bicycles is clearly too high.
The second possibility is to research in Source A what the source is proposing regarding bicycles.
A chapter was found which suggest a pilot project with e-bikes besides other motorized and nonmotorized modes of transport. It should be noted that those pilot projects are not prepared in detail
and thus only present possible solutions with the potential for further analyses. Nevertheless, for a
project that uses e-bikes the exact amount has already been defined. This source reveals a number
of 3 x 50 bikes on page 164. The calculation was done by an external consultant; hence, it is not
possible to retrace the calculation of the number properly which leads to a final number of 150
bikes defined by the Master Plan North.
Because the Master Plan is already approved by the national government and the bike sharing
guide explicitly says "large dense cities or areas with high numbers of commuters" [1] it is decided
to calculate the further parameters with the 150 e-bikes. Additionally, as mentioned above there
are no experiences in regards to an e-bike rental and therefore, it is recommended to start with a
smaller number.
Number of Batteries
The number of batteries may differ from the number of bicycles if they are removable and not
firmly installed. This heavily depends on the bike used for the rental. As explained in more detail
in the following chapters, the bikes used in this study have removable batteries. This fact offers
the possibility of having more batteries than bicycles in the system to ensure that a full battery is
available at all times. However, there is no source determining how big the ratio between the bike
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and the battery must be to make a system feasible in rural areas. Hence, after consulting the
responsible persons3, an assumption regarding the battery per bike ratio was made. Considering
the population density and potential demand on the system, a factor of 1.5 is applied by which the
number of bikes must be multiplied to get the amount of batteries needed. With the resulting 225
batteries, 75 batteries more than bicycles, it should be ensured that a charged battery is available
at all times. Additionally, a surplus of batteries makes the solar energy source more feasible
because they can be charged during the day and can serve as storage.
Number of stations
With the help of the above-identified number of e-bikes and batteries, the number of stations can
be determined. The methodology suggested in Source B is used to figure out a first number.
Depending on whether this station number makes sense for a rural system, a new value might need
to be identified. In order to reach the number of stations, Source B suggests to set up ten to sixteen
stations/km2. With an area of 508.60 km2 this results in a number of 5086 stations (calculated with
ten stations/km2). This number points out that in this case, it is not adaptive to use the methodology
for a large BSS. Therefore, own considerations regarding the station number need to be
undertaken.
Since it is all about ensuring the connection to key services, the number of stations needs to be
designed in a way that allows as many people as possible to benefit from the system. This means
that smaller villages need to be integrated in the considerations. As a result, the size of each station
may vary depending on the location. If the station is placed in a larger village or town, it needs to
have more capacity than if it is placed in a small village. Now, the 150 bicycles identified above
are used to determine the number of stations. In agreement with the responsible persons, a
distribution of 2 x 50; 5 x 10 was set as the most feasible to enable a large part of the local
population mobility. This results in a total of seven stations. The exact location of these stations is
further described below.

5.1.4 Detailed planning and design
The detailed system planning and design is built upon the previously discussed parameters
coverage area, population in coverage area, number of bikes, number of batteries and number of
3

GIZ employees, who implement the Output “sustainable transport” in which the study is based
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stations. Again, a merge of different literature was done to identify the parameters needed as
precisely as possible.
Parameter 1: Station location
In the following the identification of the exact location of the seven stations is done. Since neither
Source A nor Source B contains more information, the literature research was expanded.
A location for the first station can be identified through the help of Starkey et al. [11], who
suggested in his paper steps to initiate a pilot rural transport services project. In this context, a
small summary of the already identified coverage area is given.
The coverage area provides three towns. The first one is Outapi with 6437 inhabitants [23], the
capital of the Omusati region. The other small town is Okahao with 1665 [23] inhabitants and the
third tiny town is Tsandi with about 2000 inhabitants [36]. All three locations are provided with
access to health facilities, higher schools and markets. In the middle of the bigger towns the village
Okathitu is situated. Figure 5 illustrates the area.

Figure 5 Diagram of Okathitu area and nearby towns and services. [12]

Starkey identified in his paper, that Okathitu is in an appropriate distance from main roads and
towns and is in clear need of better transport. The combined school of Okathitu is ten kilometres
from the nearest all-season road. Additionally, the village has a bicycle workshop that is linked to
a similar workshop in the regional capital of Outapi. It has also been discovered that the owner of
the bicycle shops is interested in supporting the development of electric bicycles. This fact is
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significant because, in Namibia, the support of the local population is needed to present new
technologies. An additional advantage is that because of the existing workshops; bicycles are
already on the roads and a familiar picture. This results in the fact that Okathitu is selected as the
location for the first station.
One of the main reasons for improving mobility is enabling access to key services. As stated above,
the three larger cities are providing access to health facilities, higher schools and markets.
Therefore, it is determined that the second large station is placed in either Outapi, Tsandi or
Okahao. First the distances between the individual places are measured, in order to identify which
of these cities is most likely to be considered. However, there is no more specific data and therefore
the analysis was done using Google Maps. The following data were obtained in kilometre shown
in Table 1.

Location 1

Location 2

Distance in km

Outapi

Tsandi

30

Tsandi

Okahao

26

Outapi

Okahao

56

Okathitu

Outapi

32

Okathitu

Tsandi

38

Okathitu

Okahao

14

Table 1 Distances between towns in the coverage area. [37]

To continue the identification of the station location, a second parameter needs to be considered.
The battery range of the bicycle is also essential in terms of the station location because it gives
information about how far the rider can cycle with the bicycle. As already described in the chapter
above, a range of fifteen kilometres is assumed. It can now be seen that only the distance between
Okathitu and Okahao can be covered by one charge of a battery. Therefore, Okahao is the town
chosen for the second large station.
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The five smaller stations are distributed in the surrounding villages. It is not yet possible to make
a precise statement about which villages are exactly in question as it depends heavily on the interest
of the local population and the authorities. The suggestion made in this study is that villages should
be selected in the vicinity of Okathitu. So, children can attend a higher school and a larger city can
be reached. Hence, the possibility of accessing key services is created even for the population of
the very rural areas.
To summarize two factors influencing the station location: First, the distances between the towns
in the proposed coverage area and second the range of the battery. Those two factors need to be
combined to achieve a proper result on where to locate the electric bicycle sharing stations. As for
the pilot project, Okathitu was chosen as the one starting point with the first goal to connect the
population of the village to Okahao where they have access to markets and shops, health facilities
and public transport to the next towns. Figure 6 gives an idea on the final distribution of the
stations.

Figure 6 Own schematic diagram of the distances between the towns and the bicycle station locations.

Parameter 2: Station type and design
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In order to explore what station type and design might be the most feasible different existing
systems have to be presented first. Source B divides it into three key options. The question in need
to be asked is if the system should be manual or automated. The difference between those two
options is explained in the following referring to the definitions given in Source B.
In a manual system the users' information gets recorded by an attendant. This attended furthermore
helps with checking the bikes in or out and is responsible for handling the payment. The recording
of the information could be on paper or electronically. The advantage of manual systems is that
the initial capital costs are reduced compared to the automated system. On the other side, the longterm operating costs are higher. However, it was found out that if there is staff at the station, better
service is generated and theft and vandalism are reduced. Also, less technological complexity is
required at the stations. In the context of development cooperation, the creation of jobs is another
advantage of a manual station. The design of manual stations can be straightforward. Most stations
need only a simple locking mechanism for the bicycle and depend mostly on the staff. For example,
the system in Santiago has no significant infrastructure other than a sizeable horizontal pole to
hang the bikes. Therefore, Buenos Aires is a little more advantaged. The systems use specially
designed fright containers; obviously, those stations are the easiest to maintain and the least
expensive.
Automated systems are characterized by the user checking the bike in and out by himself and
making the payment electronically. The payment can either be done at the terminal or kiosk or
directly at the docking station. Hence, specialized key cards are required for the user. If the station
is automatic, the complexity is higher in design, installation and maintenance. Also, the capital
costs will be higher than those of manual stations, but over time those costs will decline. According
to the design they are more complicated because they must include specifically designed locking
infrastructure to lock the bikes. Also wireless technologies to transfer the information from the
docking spaces and terminals to let the user check the bike in and out are required. This technology
can be confusing for the user and can, thus, deter people from using the system. To address this
problem, automated stations can also have staff at large individual stations. Table 2 compares
worldwide existing systems, either manual or automated.
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Automated

Manual

Check in and out

by the user himself

with the help of an attendant

Payment

electronically through
card or key card

Costs

high capital costs
low operating costs

Design

more
complex;
include simple; containers, horizontal
specifically designed docking pole to hang the bicycles
infrastructure and technology

Advantage

more secure
no need for staff

generating of better service
Reducing theft and vandalism
Requires less complexity of the
station
job creation

Disadvantage

technology can be confusing

require an attendant at every
station

Example

Paris, London

Buenos
Medellin

credit cash or key card

low capital costs;
high operating costs

Aires;

Santiago;

Table 2 Comparison automated and manual system. [1]

The second choice can be made between a modular and a permanent station type. Nevertheless, it
has to be considered whether the BSS is a manual or an automatic system. If it is a manual system,
the modular version would be for example a container individually movable. As soon as the
location is found to be inadequate, the station can be relocated to a place with better demand.
Permanent systems, on the other hand, are fix installed and can no longer be transported from one
location to another.
Automatic systems are a little more demanding. Within a modular automated system, the docking
locations and the terminal for information/registration and payment are constructed on a base that
is then bolted into the ground. However, they can also be relocated. Those stations only require
solar power and thus do not need to be connected to an underground power source.
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The second type is the permanent, automatic system. Those stations require excavation and
trenching to reach the power source. Therefore, a longer time frame is required for implementation
and may entail a more rigorous approval process. A summary is presented in Table 3.

Modular

Permanent

Manual

Automatic

Manual

Station

stations can stations can stations are
be relocated
be relocated
permanently
installed at a
fixed location
container to heavy base container or
store
and with docking shop
secure
the location and
bicycles
terminal on
top

Power source

solar power

Construction

solar power

Automatic
stations are
permanently
installed at a
fixed location
docking
spaces, bike
parking areas

underground underground
power source/ power source
Solar Power

Table 3 Comparison modular and permanent system. [1]

Due to the advantages of a manual system in terms of little technology requirements, help with the
use of the rental and reduced theft and damage issues, it is used for the further design of the e-bike
rental. Furthermore, the stations are installed in such a way that, as soon as a location proves to be
inadequate, they can be installed individually at other places. In summary, this means for the
system that in one place a container is set up, which is operated by an attendant. This container
will not be permanently installed, so flexibility within the use in different locations can be
guaranteed.
Parameter 3: Information technology system
An information-technology system is needed as soon as information is captured digitally. This can
start with the collection of user data and extend to an intelligent fully automated BSS. As derived
above, the concept developed in this study is going to be manual meaning that no parameters are
- 27 -

used that require an IT system. This can be justified with the fact that currently only 8.6 % of the
population [5] own a smartphone and a lot of payment is handled in cash. It therefore becomes
clear, that at the moment a system which requires advanced technology will not be feasible.
Nevertheless, the theoretical requirements for the development of an IT system are listed below
because there should be the possibility to upgrade the manual system to an automatic one as soon
as local condition allow it. In a larger automated BSS, the Information technology has the task to
connect the individual stations, users and the control centre using software and data transmission.
Decisions according to how customers register and pay, how bikes are checked in and out from
the docking spaces and how information is transmitted need to be made and integrated into the IT
system. Two ends of the system are defined. The front end includes a website or an app for further
information about the BSS. At the back end, the operator receives the information required to run
and manage the system. Information about the station monitoring, the redistributing of bikes,
defect and maintenance issues, billing and customer data would be therefore essential. Most
automated bike sharing systems use a card technology for payment and to check the bikes in and
out. Those cards can either be smart cards4, or credit cards. A second way to handle the renting are
locks that use codes to release the bikes.
Most systems require a guarantee before a bike can be rented out. This should make sure that the
bike gets returned. Different methods can be used to handle the deposit depending on the
technology. For technologically advanced systems either a hold on the credit card can be taken, or
the operator can hold a deposit until the membership gets cancelled. However, both methods
present barriers for low-income users and thus rural areas and manual systems. A possible solution,
instead of a deposit, is the requirement of registration and tracking the bike, so that the user can be
located in the event of theft or damages.
Parameter 4: Bikes
Source B identifiers that bicycles of a public bike sharing system need to fulfil quite a few
requirements. First, their overall appearance is an essential element according to the branding of
the BSS. Thus, it would be necessary to have a standardized and specially designed bike. The bikes

4

registers the name of the user, carries a balance from which user fees are deducted [1]
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also need to be robust because of the conditions of rural areas. Additionally, a BSS bicycle needs
to contain the following characteristics.
-

The size of the bicycle should fit every user. Therefore, the saddle should be easily
adjustable to serve riders with a wider variety of heights.

-

The bicycle needs to be robust because of the higher frequency of use and the unique road
conditions.

-

Low maintenance is also required. Otherwise, the operating costs could increase because
of complicated repairs.

-

The bicycle needs to be easily secured. Either by docking it into the docking space or by
locking it. The tool needed for this should already be adapted to the bicycle.

-

Also, a recognizable colour, appropriate reflectors, bells and lights for night riding must be
included. Otherwise, safety issues could come up.

-

The last parameter is an included storage. Because most rural inhabitants require mobility
to access markets, jobs, or school. Storage for the bags should be guaranteed.

Through discussions with the responsible persons, a bicycle provider for these purposes was found
quickly. SunCycles, a Namibian electric bicycle company, has the experience which requirements
a bike in rural Namibia has to meet and is hence a qualified provider for the electric bicycle. In
addition, there is no need to think about possible imports as the bicycles are designed in Namibia
and hence made for African conditions [38]. A meeting with the company owners revealed a
potential bike for the bike sharing system. The Kalahrar-E-Bush bike has puncture proof tires and
a sturdy frame perfectly adapted and designed for the harsh conditions in rural Namibia.
Additionally, the electric bicycle provides a removable battery. Figure 7 gives an idea on how the
bicycle could potentially look like.
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Figure 7 SunCycles Kalahar-E-Bush bike. [39]

Parameter 5: Batteries
The biggest difference between an electric and non-electric bicycle share system is the battery and
the battery charging. Therefore, the following chapter describes which battery is used and what
different technologies on the charging exist and how they can be integrated into the system.
The battery used in this study is the one fitted in the Kalahar-E-Bush bike. This is a 36 V 10Ah
Li-ion battery. The electricity required for the charging is provided by a solar charging station.
Cherry et al. [26] compare two methods on how the batteries can be charged. Either the user must
remove the battery from the bicycle for charging or connect the charging system to the bike without
removing the battery. The advantage of charging the battery on the bike is the more natural checkout process and hardware, but on the other hand, the bicycle is out of service while charging.
Charging after having the battery removed from the bike requires the ability to dispense and return
the cells, but the positive effect is that the bicycle remains in service while the battery is recharged
if there are more batteries then bikes in the system what has already been advised in the chapter
above. Additionally, it was identified that for the study removable batteries are used and thus the
research concentrates only on this system.
Analysis of risks and barriers
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The analysis of risks and barriers is an essential step for the further planning process. The
identification of those parameters helps to mitigate the challenges coming with the implementation
of a bike sharing system. The following lists possible challenges that should be taken into account
during further planning. The identification of these risks was mainly the result of discussions with
colleagues and experts from different departments regarding cycling in Namibia.
The first parameter is the risk of theft and damage of the bicycles and the batteries. The system
needs to assure that a safe storage of the bicycle and batteries is guaranteed and that in a case of
theft or damage the responsible person will be identified and charged for it. Possible solutions how
this barrier can be addressed are found in the detailed description of the concept.
Furthermore, it is important to address the emerging safety concerns. Issues that are mentioned in
connection with cycling are above all the fear of traffic accidents, driving at night and the
associated fear of criminal acts. Therefore, topics such as improved infrastructure and road safety
need to be addressed in the context of a BSS to assure that the rider gets safe to his final destination.
This could be addressed by implementing bicycle paths, intensive awareness campaigning as well
as improved law enforcement.
Another barrier is the attitude of the population concerning cycling. Especially women avoid the
use of bicycles because of esthetic reasons or bicycles are looked down upon as a mode of
transport [40]. In the further planning process, methods referring to the attractiveness of cycling
need to be identified.
Finally, the lack of advanced technology can be defined as a barrier. It should be ensured that the
system is kept as simple as possible at the beginning. The reason for this is in particular the limited
access to credit cards and smartphones. It is assumed that the technologisation of the north takes
another few years, hence, BSS should be designed with existing technology available at the present
time. Possible solutions for how these barriers can be reduced are addressed in the exact description
of the concept.
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Solar calculation
After having identified the theoretical and technical parameters needed for an e-bike sharing
system, the following chapter determines a solar power stand-alone system which provides the
energy for the battery charging. For the design of the stand-alone solar system, the Namibian solar
potential and its renewable energy goals are presented first. Subsequently, the required technical
components are explained. In the last part of the chapter, the photovoltaic system is dimensioned
according to the assumed conditions.

5.2.1 Namibia solar potential
Namibia's electricity needs are around 1100 MW/ year. The country generates around 500 MW
itself. The other 60 % is covered by electricity imports [41]. That implicates dependency on
countries like South Africa or Zambia. Therefore, opportunities for smaller, decentralized
renewable energy projects are opening up to reduce this dependency [42]. Solar power generation
offers the most significant potential. Currently, 2 % of the electricity requirement is generated by
solar electricity. Coal, diesel, hydro and imports provide the rest, shown in Figure 8

Figure 8 Own visualization of Namibia’s installed capacity5 according to the Ministry of Mines and Energy. [41]

With solar irradiance up to 3100 kWh/m2/year, Namibia is one of the sunniest countries in the
world [43]. The term solar irradiance is explained as the power per unit area received from the sun,

5

“the amount of energy that a power station, etc. is able to produce” [54]
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integrated over a given time period [𝐽/𝑚2 , 𝑊𝑠/𝑚2 ,

1
3600

𝑊ℎ/ 𝑚2 ] [44]. Figure 9 underlines the

potential.

Figure 9 Average value of solar radiation in Namibia. [45]

The Namibian government defines in its White Paper on Energy policy [43] several goals
addressing the energy supply of the country. The increase use of renewable energy sources,
especially solar, has direct impact on the achievement of these goals. The Paper points out, that
the strongest impact would be the widespread use of decentralised PV systems. Goals like social
upliftment, economic efficiency, sustainability and also security of supply can be addressed by the
use of solar power systems. Therefore, the government of Namibia wants to make use of this
potential for maximum social and economic benefit, taking account of long-term environmental
concerns while giving priority attention to the country’s development needs. However, there is a
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large gap between what solar power could contribute to the energy policy goals and what it is
currently contributing. Hence, a stand-alone photovoltaic system is chosen to provide the energy
needed for the battery charging of the e-bike rental system and is thereby contributing to close this
gap and to achieve the above identified goals of the government. For details, see the following
chapter.

5.2.2 Photovoltaic stand-alone system
Wesselak et al. [46] define a stand-alone photovoltaic system as a system without connection to
the electrical supply network. One distinguishes mobile and stationary systems. While mobile
systems are, for example, solar-powered calculators, stationary systems are defined as serving to
be of use of consumers remote from the network. According to Mertens [47], stand-alone systems
can be found typically if no grid connection is available. Hence, off-grid solar power plants are
often used in developing countries as an application to provide electricity.
Figure 10 shows the principle construction of a stand-alone solar system. The essential elements
are the batteries. They are usually needed as a storage to save the solar energy produced when
there is no power consumption. In this case, the battery itself is the consumer. The electricity
generated in the module is simultaneously consumed and stored.

Figure 10 Own principle construction of a stand-alone system according to Mertens. [47]
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A DC/DC6 inverter is needed to transform the input voltage (V1) into an output voltage (V2). The
inverter never works lossless but achieves efficiencies of over 95 %; the rest is converted into heat
[47]. Therefore, only the batteries are included in the following calculation because the inverter
has hardly any impact on the power requirement. Besides, it can be said that the demand for solar
modules is generously rounded up, as any technological upgrades could appear as consumers in
the future.

5.2.3 Design of the size of the solar system
The design of the stand-alone photovoltaic system refers to the Book “Photovoltaik, Lehrbuch zu
Grundlagen, Technologie und Praxis” [47]. An Excel tool has been created with which the design
was done. All parameters in the tool can be changed and thus adapted to new conditions.
Number of batteries
The battery is the biggest factor influencing the size of the solar system. To define this parameter
a consultation of the responsible persons was undertaken. It was agreed that for the future
calculations the battery from the SunCycles Kalahar-E-Bush bush Bike is going to be used. The
calculations were done with Microsoft Excel and the tool will provide the individuality so that any
type of battery can be used for the solar calculation.
To determine the size of the stand-alone photovoltaic system a scenario is set. This scenario shows
how bicycles move during the day. It is important because this is the only way to define which
station needs to charge which amount of batteries in which time since no data is available regarding
this matter. However, this scenario is only a theoretical assumption and should be verified by a
field study prior to the actual design of the solar system.
The three defined stations and the user groups making use of the bicycles are considered in detail.
A distinction is made between casual users and long-term users. Casual users are those who require
mobility due to medical appointments or other on-off appointments. Long term users are for
example schoolchildren or people who have to commute to work on a regular basis.

6

DC/DC (direct current/ direct current) Inverter transforms the input voltage into an output voltage [47]
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As already explained above, a total of seven stations is designed. Including five smaller ones in
the villages, each with fifteen batteries and two large stations in Okathitu and Okahao, each with
fifty batteries. The scenario looks at the following directions:
-

From village to Okathitu

-

From Okahao to Okathitu.

-

From Okathitu to Okahao

-

Travel within Okahao

It is not assumed that any user has one of the villages as final destination during the day. Looking
at the first scenario it is said that the way from the villages to Okathitu is mainly covered by
schoolchildren, as they have the secondary school as their destination. It is assumed that, for this
reason, seven out of ten bicycles are used. These seven bikes/ seven batteries need to be available
on a daily basis. Adding the 5 spare batteries identified in the chapter above, a total of twelve
batteries need to be supplied with power by the system. For this reason, the solar systems in the
villages are designed for twelve batteries each. Table 4 illustrates the calculation of the battery
supply system in the villages.

BATTERY SUPPLY VILLAGES

Number
batteries

of

Villages - Okathitu

Spare

Total

7

5

12

Table 4 Scenario battery supply in villages.

In order to determine what number of batteries must be supplied with power from the system in
Okathitu, it is necessary to identify from which directions how many users have the village as their
final destination. As already explained above, there are 7 bicycles from each of the 5 villages used
by schoolchildren to access the school in Okathitu. In addition, the scenario assumes that Okathitu
is also approached from Okahao. However, only 10 bicycles are included, as no reason can be
found to calculate with a bigger number regarding almost nonexistent key services. Adding the
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fifteen spare batteries defined for a fifty bicycle large system like the one in Okathitu a total of
fifty-five bicycles occurs. Table 5 illustrates the calculation of the Battery supply system in
Okathitu.

BATTERY SUPPLY SYSTEM OKATHITU
Villages

Number

of

batteries

- Okahao

Okathitu

Okathitu

35*

10

–

Spare batteries

Total

15

55

* 5 villages with 7 bikes each

Table 5 Scenario battery supply in Okathitu.

The last scenario refers to Okahao. Based on the access to a market, clinic and school, it is therefore
considered as the largest system, since the key services can be addressed here. In addition, it is
said that also within the city, the electric bicycle is used for short trips. The size of the system is
thus determined as follows. In the morning, there are forty bikes from Okathitu coming to town.
They are charged during the day, so that the user can take the bike to cycle home in the evening.
Within Okahao, forty e-bikes are moved on a short-range basis, which means that the batteries
aren’t depleted after one day. It is assumed that a battery of a bicycle used in Okahao for short
distances must be replaced every two days. Nevertheless, it is important to design all required
charges in the unit [per day] to make them comparable. For this reason, instead of forty bicycles
every two days, twenty bicycles per day are included in the calculation. Finally, the fifteen spare
batteries are added. This results in a number of seventy-five bicycles needed to be powered by the
system. Table 6 illustrates the calculation of the Battery supply system in Okahao.
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BATTERY SUPPLY SYSTEM OKAHAO
Okathitu
Okahao
Number

of

batteries

40*

-

Within Okahao

Spare batteries

Total

20

15

75

* 40 batteries every second Day

Table 6 Scenario battery supply in Okahao.

Consumer
As described above, the calculation is done only with the electric bicycles as consumers or rather
the batteries. Therefore, the technical specifications of the bicycle which is going to be used are
needed. The SunCycle Kalahar-E-Bush bike has a 250-watt motor and a 36 V 10Ah Li-ion battery.
The maximum speed is 30 km/h. The chapter above defines the number of batteries needed. These
values are used to calculate the energy requirement of the batteries.
According to the bicycle company SunCycles, the time needed for the recharge, usually ranges
from four to six hours depending on the discharge. Hence, it can be said that the recharge requires
one day. This must be considered in the planning process so that there is always a fully charged
battery available. Because of the ability to exchange the batteries, those can be charged by the solar
power directly, without efficiency losses from inverting the solar energy or charging the batteries
from other sources [26].
𝑬 𝒃𝒂𝒕𝒕 = 𝑽 × 𝑸

(1)

To calculate the energy needed per battery Ebatt [Wh], the voltage V [V] and the charge Q [Ah]
need to be multiplied. This is shown in formula ( 1 ).
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𝑬 𝒃𝒂𝒕𝒕
𝑬⁄
=
𝒌𝒎
𝒓

(2)

Formula ( 2 ) is used to identify how much energy is needed per kilometre E /km [Wh/km].
Therefore, the calculated energy Ebatt [Wh] must be dived by the range of the bicycle r [km]. This
is additional information not further needed in the calculations below.The results are presented in
Table 7.

Consumer

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 [𝑉]

𝐶ℎ𝑎𝑟𝑔𝑒 [𝐴ℎ]

𝑅𝑒𝑎𝑐ℎ [𝑘𝑚]

battery

36

10

30

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑘𝑚
𝑏𝑎𝑡𝑡𝑒𝑟𝑦[𝑊ℎ]
[𝑊ℎ⁄𝑘𝑚]
360
12

Table 7 Energy requirement of one battery.

𝑬⁄
𝒑𝒂𝒏𝒆𝒍 𝒂𝒏𝒅 𝒅𝒂𝒚 = 𝑷𝒎𝒂𝒙 𝒑𝒂𝒏𝒆𝒍 × 𝒕𝒑𝒆𝒂𝒌

𝒕 𝒑𝒆𝒂𝒌 =

𝒅𝒂𝒊𝒍𝒚 𝒔𝒐𝒍𝒂𝒓 𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆
𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒔𝒐𝒍𝒂𝒓 𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆

(3)

(4)

The next step, shown in formula ( 3 ), is to calculate how much energy can be provided by one
solar panel in one-day E /panel and day [Wh]. For this, the manufacturer's information on the
peak power of the solar panel, Pmax panel [W], is multiplied by the number of peak hours/ day tpeak
[h]. To calculate the daily peak hours tpeak [h], the daily solar irradiance [Wh/m2] shown in Figure
9 is divided by the average solar irradiance of 1,000 [W/m2]. Therefore, formula ( 4 ) is used.
The result for one solar panel is shown in Table 8.
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𝑑𝑎𝑖𝑙𝑦 𝑠𝑜𝑙𝑎𝑟
𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒
[𝑊ℎ⁄𝑚2 ]

6200

average solar
irradiance
surface earth
[𝑊⁄𝑚2 ]

1000

𝑃𝑒𝑎𝑘 ℎ𝑜𝑢𝑟𝑠
[ ℎ]

6,2

𝑃𝑒𝑎𝑘 𝑝𝑜𝑤𝑒𝑟 𝑠𝑜𝑙𝑎𝑟
𝑝𝑎𝑛𝑒𝑙 [𝑊]

270

𝐸𝑛𝑒𝑟𝑔𝑦
𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝑏𝑦
𝑜𝑛𝑒 𝑝𝑎𝑛𝑒𝑙
𝑝𝑒𝑟 𝑑𝑎𝑦
[𝑊ℎ]
1674

Table 8 Produced energy per panel and day.

𝑬⁄
𝒑𝒂𝒏𝒆𝒍 𝒂𝒏𝒅 𝒅𝒂𝒚
𝒏 𝒃𝒂𝒕𝒕 =
𝑬 𝒃𝒂𝒕𝒕

(5)

To calculate how much batteries can be charged by one panel nbatt, formula ( 5 ) is used. The daily
produced energy E /panel and day [Wh] needs to be divided by the energy needed per battery
Ebatt [Wh].

𝒏 𝒑𝒂𝒏 =

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒃𝒂𝒕𝒕𝒆𝒓𝒊𝒆𝒔 𝒑𝒆𝒓 𝒔𝒕𝒂𝒕𝒊𝒐𝒏
𝒏 𝒃𝒂𝒕𝒕

(6)

Formula ( 6 ) is used to identify the amount of solar modules per station npan the number of
batteries per station needs to be divided by the amount of chargeable batteries out of one panel
nbatt. Because different amounts of batteries were defined for different stations the calculation is
done by looking detailed at every station. The results are shown in Table 9.
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𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
𝑏𝑦
𝑜𝑛𝑒 𝑝𝑎𝑛𝑒𝑙
𝑝𝑒𝑟 𝑑𝑎𝑦
[𝑊ℎ]

𝐸𝑛𝑒𝑟𝑔𝑦
𝐴𝑚𝑜𝑢𝑛𝑡
𝑛𝑒𝑒𝑑𝑒𝑑
𝑐ℎ𝑎𝑟𝑔𝑎𝑏𝑙𝑒
𝑝𝑒𝑟 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠
[𝑊ℎ]
𝑜𝑢𝑡 𝑜𝑓
𝑜𝑛𝑒 𝑝𝑎𝑛𝑒𝑙

1674

360

4.65

𝑆𝑡𝑎𝑡𝑖𝑜𝑛
𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓
𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠
𝑝𝑒𝑟 𝑠𝑡𝑎𝑡𝑖𝑜𝑛

𝐴𝑚𝑜𝑢𝑛𝑡
𝑝𝑎𝑛𝑒𝑙𝑠
𝑝𝑒𝑟
𝑠𝑡𝑎𝑡𝑖𝑜𝑛

Villages

12

3

Okathitu

55

12

Okahao

75

17

Table 9 Amount solar panels per station.

The above calculations result in modular numbers of rounded three, twelve and seventeen. As
mentioned earlier, the individual values in the Excel tool can be adjusted to determine the
appropriate number of modules for each number of batteries.

6 The CONCEPT
The final Concept to improve mobility in the Omusati Region Namibia using a solar powered ebike rental results out of the parameters identified above. The determination of these parameters
was done by different approaches. In the end, it was decided on the one approach, best considering
and integrating the local conditions. This way the study obtains all parameters needed for a concept
of an e-bike rental which is optimally tailored to the local conditions. The following chapter is the
final description of the Electrical BSS which has been developed by the above methodology.
Primarily chapter 5.1.1 shows one of the main reasons why alternative transport modes are in need.
44.4 % of the monthly income is spent transport. With the goal to reduce poverty, especially in
remote areas, it is essential to reduce the monthly expenditures by offering cheaper transport.
The region selected for the pilot project is the first identified metric in Chapter 5.1.2. The analysis
primarily considers the area between Outapi, Tsandi and Okahao. An online app from the Namibia
Statistics Agency calculated an area of 508.60 km2, providing the framework for the bicycle rental
system. The second metric in Chapter 5.1.2 is the population considered for the use of the system,
meaning the number of inhabitants within the coverage area of 508.60 m2. The identification of
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this number was carried through the help of an online geographical information system developed
by GIZ. The intersect of a self-created shape file with the tools map reveals a total of 32016
inhabitants within the cities-triangle.
Chapter 5.1.3. is used to define the size of the system. Therefore, the number of bikes is initially
set. Detailed analyses concerning pilot projects in northern Namibia confirm the Master Plan North
as a primary-source revealing 150 electric bicycles for a pilot project on that topic. Also identified
in chapter 5.1.3. are the number of batteries needed for the use of the electric bicycles. Out of
consultations with the responsible persons, a factor of 1.5 is determined with which the amount of
bicycles need to be multiplied. The factor provides the availability of more batteries than bicycles.
Hence, it is assured that a fully charged battery is available and the user can rent a bicycle at all
desired times. In total the rental system is then equipped with a number of 225 batteries. The last
parameter identified in chapter 5.1.3. is how many stations are set up in the area. Ensuring that as
many people as possible benefit from an alternative mobility option, leads to the conclusion that
stations have to be built at different locations in the coverage area. Due to different conditions of
locations within the area in terms of access to schools, health facilities or markets it was recognized
that the size of the stations also need to vary. Therefore, two sizes of stations must be offered. The
larger station will be set up at locations providing access to key services. The smaller stations will
be used to connect as many rural inhabitants as possible from the remote areas to the supply
systems. With a total number of 150 bicycles available, this results in two stations with fifty
bicycles and five stations with ten bicycles to achieve the desired purpose.
The following paragraph summarizes the results identified in Chapter 5.1.4. Categorized in
different parameters, the chapter is used for the detailed planning and design of the e-bike rental.
In this context, the first parameter identifies the exact station location. Expanded literature review
revealed the village Okathitu as a suitable place for the first of the seven stations. The location for
the second station was identified by answering the question on which of the three cities (Outapi,
Tsandi or Okahao) with access to key services can be best accessed from Okathitu by bike. For
this purpose, the range of the e-bike of fifteen kilometres is integrated. The research clearly shows
that from Okathitu, the city of Okahao is located at fourteen kilometres distance and thus chosen
as location for the installation of the second station. The five smaller stations will not be assigned
to a specific location, as the interest of the villages and local authorities on an e-bike rental is
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needed. However, it is suggested to distribute the stations within the radius of Okathitu, with the
intention to enable schoolchildren access to a secondary school. Figure 6 illustrates the schematic
distributions of the stations. The second parameter identifies the exact station type and design. A
manual, modular system is detected as the most feasible station type, looking at the local
conditions. The implementation of this technique is selected. A conventional container available
on the market is used as a storage for bicycles and batteries and installed in a way to be relocatable
at any time. This container is equipped so that 2 x 50 and 5 x 10 bicycles as well as 2 x 75 and 5 x
15 batteries can be accommodated and securely stored. The operation of the system is carried out
by a local attendant. This person has the task to manage the applications, to settle the payment, to
hand out and take back the bicycles and to ensure that always enough charged batteries are
available. Parameter three concerning detailed planning and design is the question on an
information-technology system. The respective paragraph concludes that the system is designed
with little technology and therefore in no need of an IT-System. At the end, parameter four and
five detect what bicycles and batteries are going to be used. The analysis results in the Kalahar-EBush Bike of SunCyles with a 250-watt motor, powered by a 36V, 10 Ah li-ion battery.
In the following those factors are all brought together to describe in detail how the e-bike rental is
going to work once it is implemented. To make use of the system, the customer first needs to log
in at one of the stations by leaving information about name, address, purpose on why the rental
would be needed, etc. With regards to the signing-in process, the user is in need to fill out a predefined paper with his/her personal information. Additionally, a paper needs to be signed by the
user, confirming that he/ she will be responsible and charged for any damage or theft happening
during the time he/ she is in use of the bicycle. Subsequently, a personalized membership card is
created by the attendant. This card confirms the permission to rent out bicycles at any station within
the system. Each time before a bicycle is handed out by a staff member, the membership card
needs to be shown and the attendant needs to prove the accuracy. As soon as the membership is
correct, the customer is provided with a bike along with a battery. Each bike is equipped with an
on board computer. This technology gives information about where and at what time the bike was
handed out and to whom. An integrated GPS system is used to track the bike in case of theft. As
there is already an on-board computer on every electric bicycle, it needs to be confirmed if this
system can be used for the described purpose. The identification will happen in terms of further
planning on the implementation of the e-bike rental. Now the bike is ready to be used and the rider
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can cover his desired distance. At his/her final destination, he hands over the bike to the local staff.
The attendant proves if there is any damage or missing parts on the bikes. Additionally, he/ she
reads the information appearing on the on-board computer, with regards to the travel distance and
time. Based on these parameters, a price for the rental is defined. The price also depends on which
user group the rider is assigned to. The different user groups are schoolchildren, employees who
use the bicycle for everyday purposes and cyclists who make short-term use of the rental system.
This information will be marked on the membership card. As soon as the price for the trip is
identified the user is charged for it and pays in cash. After the payment the renting is completed
and the user can continue his/ her individual journey. The employee now needs to check the state
of charge of the battery. Depending on this state of charge, the battery is either connected to the
charging station or safely secured in the battery management system. The bicycle is also stowed
in the container just like the battery. With this act the whole renting out process is completed.
A very essential parameter in terms of a e-bike rental is the analysis of risks and barriers. Therefore,
the following paragraph will summarize the possible methods addressing this issue, defined in
chapter 5.1.4. The risk of theft and damage of the bicycle and batteries can be minimized by storing
them safely and define a clear responsibility towards the rider while the items are in use. As
described above, the responsibility will be sorted out in a contract between the rental system and
the user. Another risk identified is the fear of lacking security. This danger addresses especially
the traffic situations and the fear of criminal acts. Therefore, safety measures like lighted bicycles
and infrastructure like bicycle paths must be implement at the same time. The third barrier is that
cycling is not a common picture on the streets of Namibia. This leads to difficulties in connection
with a BSS and needs to be addressed by an intense promotion of the rental scheme and cycling in
general. The last risk is the amount of technology used within the system. It needs to assured that
the system does not require advanced technology. This issue is addressed by the choice of a manual
rental system instead of an automated one. Nevertheless, there must be the possibility of upgrading
to an advanced technology.
In order to provide the required power for the batteries, a decentralized solar system is installed.
Chapter 5.2 defines the thus needed parameters. A solar irradiance of up to 3100 kWh/ m2/ year
makes Namibia one of the sunniest countries of the world. Therefore, a high potential on providing
the needed energy out of this power source exists. The design of the solar system was done
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individually station by station. Hence, the number of batteries per station is defined using a
potential scenario on which the bicycles move within the system. Those scenarios reveal that a
number of twelve batteries need to be charged per day in the villages. Okathitu has to be designed
for the power supply of fifty-five batteries per day and Okahao for seventy-five batteries per day.
Further calculations on the appropriate number of solar modules per stations are done with the goal
to supply the batteries only by solar power. This analysis results in 3 x 270 Watt modules for the
villages, 12 x 270 Watt modules for Okathitu and 17 x 270 Watt modules for the station in
Okahao.Table 10 summarizes the results.
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Transport costs

44 % of monthly
income

System Coverage Area in km2

508,6

Population in coverage Area

32016

Number of bikes

150

Number of batteries

225 (1.5x150)

Number of Stations

7
-

Station location
Station type and design
Bikes
Batteries

-

Risk and barriers

Number of batteries per station
charged per day
Number of solar Modules per
Station

- Villages:
- Okathitu:
- Okahao:

12
55
75

- Villages:
- Okathitu:
- Okahao:

3
12
17

Table 10 Results The CONCEPT.
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1x Okathitu
1x Okahao
5x Villages
Manual
Modular
Kalahar-E-Bush bike
from SunCycles
10 Ah
36 V
Security
Image
Safety
Technology

7 Conclusion
People in rural Namibia need transport services to access markets, health and education facilities.
However most of the rural inhabitant’s don´t own motorized transport and are therefore dependent
on transport services. To make use of these services, long waiting hours or high transport costs are
required. Hence, because of unreliable and expensive transport service, the rural population can’t
access the key services on a regular basis. This results in a clear need of an improved mobility
option on an alternative, affordable, timely and dependable basis.
A bicycle rental can address this demand. In this study a concept of an e-bike rental was developed,
adapted to local conditions of the Omusati region in Namibia. The design was done for the region
between Tsandi, Okahao and Okathitu. The system consists of a total of 150 bicycles and 225
batteries. This number of bicycles and batteries is distributed to a total of seven stations. One
station will be implemented in Okathitu and contains 50 bicycles, one in Okahao, a city within 14
kilometre distance from Okathitu and access to key services. This station also contains 50 bicycles.
The last 50 bicycles will be distributed to 5 stations each with 10 e-bikes in villages around
Okathitu. The system is designed in a way that the batteries are supplied by solar power only. To
guarantee this supply, the study identifies through calculation, how many solar modules are
required per station. With regards to the station type, the e-bike rental is designed as a manual
system. Before the first use, the rider registers and receives a membership card which confirms the
permission to rent out bicycles. By showing this card, he/she can get a bike with a battery from
every station in the system. The cost of the trip is due after the return of the bike. At each station,
an employee is responsible for ensuring that the bicycles and batteries are safely stored, that there
are always enough batteries charged and that the lending of the bicycles works frictionless.
It is important to mention that the study is a theoretical concept. All results are based on literature
research or assumptions, from experience. Therefore, there is no information as to whether the
parameters determined are of the correct size. Quantities such as the number of bicycles and
batteries, the number of stations and the amount of batteries in need of daily power supply must
be verified before the implementation of the system. Furthermore, it is important to review the
exact station location. The study only recommends to implement the rental at the identified places.
However, they could also be build up anywhere in the region if other locations are seen as more
feasible. To verify the parameters, it is thus recommended to conduct further studies.
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Furthermore, it is essential to note that the concept can´t be based on a similar system. No bicycle
rental system for improving mobility of rural areas in Africa or anywhere else could be found. As
a result, the concept had to be completely developed by itself. The data available in terms of a
bicycle rental in urban areas set the framework and pointed out the most important parameters
needed for the construction of a bicycle rental. The transference to the local conditions was
determined by individual considerations and literature, on how such a system could work best
within rural areas. Due to the fact that it is not possible to refer back to other comparable countries
in terms of experience, the concept needs to be implemented in order to see whether improved
mobility can be achieved. Thus, no statement can be made about the effectiveness of the pilot
project until field trials have been carried out.
Other difficulties with regards to the topic are the data the study is based on. Although there are
values for Namibia, it needs to be said, that these are either no longer current, not complete, or not
comprehensible. This again underlines the need of a practical implementations with accompanying
research to gain up-to-date data for the region in terms of transport. Especially, with data referring
to the solar potential, difficulties came up. Different sources use different numbers for the same
value. Hence, values such as solar irradiance vary accordingly. In this study, the calculations are
based on a source presenting a high solar irradiance compared to other sources. Keeping that in
mind, it is recommended to plan generously with the number of solar modules, as it may be that
the solar irradiance and accordingly the peak hours are not as high as indicated. Therefore, more
solar modules are needed to produce the power needed for the charging of the batteries.
Nevertheless, the study shows that mobility can be improved by setting up an e-bike rental.
Problems such as expensive and dependent transport services, difficult access to key services and
high expenses for transport can be optimally solved with the concept designed in this study.
Daily available bicycles provide an individual transport service and can then be used as soon as it
is needed, independent of other persons or circumstances. Although the price of using a bike has
still to be finalized, it can be said that it definitely competes with existing transport offers. In
addition, the charging of solar-powered batteries makes use of the country's prevalent potential
and thus contributes to the development of renewable energies. Additionally, the implementation
of the e- bike rental contributes to the achievement of the sustainable development goals and in
this context Agenda 2030. Improved mobility, especially the concept of the e-bike rental, can
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address the first sustainable goal, end poverty in all its forms everywhere, by creating new jobs
in form of attendants who run the system. Also easier and cheaper access to work places, schools
or other services is an enabling factor for economic growth and the fight of poverty and
contributes therefore to the first SDG. In this context SDG two, zero hunger, SDG three, good
health and well-being, SDG four, quality education, SDG six, clean water and sanitation, can be
addressed. The goal of SDG seven, to ensure access to affordable, reliable and sustainable
modern energy for all, can be also integrated in the concept. The solar panels used for the battery
charging present a sustainable way of producing energy and extension could also supply the local
inhabitants. Through the need of creating workplaces in terms of the operation of the rental, the
concept contributes to SDG eight, decent work and economic growth. SDG nine, industry,
innovation and infrastructure, is mainly addressed by the need of the implementation of bicycle
paths. To complete this analysis, it can be said that SDG ten, reduced inequalities, SDG eleven,
sustainable cities and communities and SDG thirteen climate action, are also addressed by the
implementation of the E-Bike rental.
To achieve this implementation, further steps need to be undertaken. The most essential and most
necessary one is the conduction of different studies. Those studies need to reveal information
about the exact amount of people living in the area, about the amount of money spent on
transportation, about the demand for an alternative transport mode, about the distances travelled
at what time in the week, about the willingness to ride a bicycle and about the interest in the
presented concept. This is important to specify the design of the concept and the to adapt it
exactly to the conditions in the coverage area. With the knowledge revealed by the studies, the
exact number of bicycles and batteries can be confirmed. Also, the exact villages need to be
identified. Therefore, the local authorities need to be informed and asked for permission. To
define the costs per trip, it is necessary to conduct a survey where the different target groups are
questioned about what they were willing to pay. Also the technical components need to be
exactly defined in further research. This concerns mainly the charging process of the batteries
and the technical specifications that are therefore needed. Additionally to the described studies, it
is crucial to undertake a financial analysis to see whether the system is financially feasible.
Furthermore, a whole business model needs to be created defining the organizational structure,
the asset ownership and the contracting structure including service levels [1]. Hence, it is
important to take the local authorities and the government into account. To conclude, it can be
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seen, that a solar based e-bike rental can not only improve mobility in the Omusati region of
Namibia, but has also a major impact on the achievement of Agenda 2030 and therefore the
future development of this plane. How such a concept could look like after implementation is
shown in Figure 11
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- 51Figure 11 Final solar based e-bike rental.

8 Summary
The study is part of the implementation process of the Master Plan for Sustainable Transport for
Ohangwena, Omusati, Oshana and Oshikoto Regions. In the context of the Master Plan, several
pilot projects are being developed. The development of one of these pilot projects was carried out
in this study. A concept was created to improve mobility in the Omusati region using a solarpowered e-bike rental.
The first part of the study deals with the transport system of rural regions in developing countries.
An overview shows the reason for the importance of transport in those regions. Furthermore, the
current situation in terms of transport is described and it is listed how far the Namibian government
addresses the issue. Additionally, the role of bicycles in terms of the development of rural areas is
explained. At the end of this part, the benefits and limitations of using bicycles, with a particular
focus on rural Namibia are presented.
Part two presents the study area selected for the development of the concept. Starting with Namibia
as a country, the chapter goes into a more detailed presentation of the Omusati region. In particular,
the transport situation in Omusati is discussed. Furthermore, high transport costs and long walking
distances are indicated as the reason for the need of an alternative mobility solution.
The third part presents the topic of electric bike sharing in more detail. In that regard, the history
of the development of bicycle rental systems is used as an introduction. Additionally, the chapter
provides a detailed look at the components of the electric bike and the benefits of a bike-rental
using electric bikes.
In the fourth part, the parameters required for the electric bike rental are determined methodically
and additionally adapted to the region. The chapter identifies, among other things, the number of
bicycles required, the exact location of the stations and the way the system is operated. A
calculation regarding the number of solar modules, in needed to charge the batteries, can be found.
All results are summarized and discussed in the fifth part in terms of the final concept. For the
rental system in Omusati, the study reveals 150 bicycles with 225 batteries. Therefore, a total of
seven stations is presented. The study recommends to build up these stations as follows. One
container with bicycles and batteries in Okathitu, one container in Okahao and five containers
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distributed in villages in the surrounding of Okathitu. The station will be modular and the renting
process will be handled manually by an attendant of the system. The batteries will be charged at
every individual station by solar power. The goal of the solar based e-bike rental is to improve the
mobility in the Omusati region of Namibia and therefore ensure the rural inhabitants access to the
key services. It can be noted that, despite difficulties related to the actuality and accuracy of the
data, this study develops a concept forming the basis for further planning of a bicycle related pilot
project in the Omusati region and thus presenting an alternative mobility option.
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10 Appendix
Calculation transport costs

Complete picture of GoogleEarthEngingeApps website. [34]
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Figure average hours of sunshine in Namibia

Data sheet Kalahr-e-bush bike and battery
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Data sheet Solar panel
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Excel Tool
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