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Abstract—Transportation is a constitutional part of most supply
and value chains in modern economies. Smallholder farmers in
rural Ethiopia face severe challenges along their supply and value
chains. In particular, suitable, affordable, and available transport
services are in high demand. To develop context-specific technical
solutions, a problem-to-solution methodology based on the interaction
with technology is developed. With this approach, we fill the gap
between proven transportation assessment frameworks and general
user-centered techniques. Central to our approach is an electric test
vehicle that is implemented in rural supply and value chains for
research, development, and testing. Based on our objective and the
derived methodological requirements, a set of existing methods is
selected. Local partners are integrated in an organizational framework
that executes major parts of this research endeavour in Arsi Zone,
Oromia Region, Ethiopia.
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I. INTRODUCTION

THE value chain is one of the fundamental frameworks

in modern economics. Rural agricultural value chains in

Sub-Saharan Africa (SSA) and their sustainable development

are an integral part of many development projects. A value

chain represents a firm’s activities that create economic value

by transforming resources into products or services [1].

Economic value is defined as the price a customer is willing

to pay. A firm is profitable if the value created exceeds the

cost of producing the product or delivering the service [1].

The set of decisions on what activities to specialize in and

which ones to outsource is part of every firm’s strategy. The

economic benefits of successfully balancing this trade-off lead

to increasing effectiveness and generating value [2]. Once a

firm decides to outsource a number of value-creating activities

to specialize, it enters into with other firms that supply or

are supplied by the firm. This network of value-creating

participants is known as supply chain [3]. An activity that firms

in modern economies frequently outsource is transportation.

Labor cost reduction, specialization, and asset reduction are

the main reasons to access transportation as a service [4].

Agricultural value chains in Ethiopia account for 36% of

the country’s Gross Domestic Product (GDP). More than

70% of the population is engaged in agriculture [5]. About

95% of the agricultural output originates from smallholder

farmers [6] with an average plot size of 0.85 ha [7]. Ethiopian

farmers in particular have been experiencing declining plot
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sizes with ongoing population growth [7]. Ceteris paribus,

this results in less marketable produce which subsequently

reduces the ability to make decisions about specialization and

the configuration of the value and supply chain.

The research approach developed in this paper analyzes the

problem from a supply point of view. We aim to answer how

we design vehicle-based services that enhance smallholder

farmer’s value chains. We consider modern electric vehicles as

mobile platforms for innovation. The to-be-developed research

approach shall allow for a holistic investigation of rural supply

and value chains in Ethiopia to develop a highly relevant

service.

A. Transportation: A Wicked Problem

”Rural people need transport that is affordable, predictable

and dependable, timely, safe and secure and that can carry

people’s goods and (when required) their supporting persons”

[8]. Based on this information, we define transportation service

quality perceived by users along three main customer-relevant

properties (CRPs): vehicle type, service availability and

affordability. From the vehicle operator perspective, however,

the offered quality of each CRP is related to a set

of costs. Wittenbrink [9] defines these costs as variable

costs (energy costs, maintenance, etc.), staff costs (driver),

fixed costs (acquisition cost, insurance, etc.), and overheads

(management). The most pressing challenges rural transport

operators face in SSA generally are increasing costs due to

remote and scattered communities [10], [11], poor road quality

[12], [13] (especially during the rainy season [14]) and types

of vehicles (passenger cars for heavy-duty application) [12].

Low income across their customer base [15] further increases

the pressure to operate cost-effectively and to overcome

vehicle underutilization [13]. These deterring circumstances

decrease the number of transport operators, which leads to

low competition and increasing prices for users [13]. Rural

agricultural supply chains, therefore suffer from deficits in

all three CRPs. Consequently, the farmers’ ability to take

the introduced specialization and outsourcing decision is

constrained.

B. Methodologies to Assess and Develop Rural
Transportation Services

There are several publications on rural transport services

in SSA. These include works of researchers affiliated with a

research institution and publications executed or funded by

international (development) organizations such as the World

Bank, British Cooperation (UKAID), German Cooperation
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(GIZ), European Union, United Nations, and the African

Union. A range of publications survey and analyze primary

data to understand a well-defined detail within the supply

and value chains of rural farmers. For example, this might be

the price & the cost structure of transportation in a specific

area [12], [13], [16]–[18], available modes of (intermediate)

transport, or travel times to the market [17]. Additionally,

supply and value chains of specific highly valuable agricultural

products like tomatoes are surveyed [19]. Besides surveys,

traffic counting is used to quantify current mobility behavior

at specified points [16]–[18]. Few publications talk about

technological interventions that are based on previously

identified requirements [12], [20], [21].

Three approaches are highlighted because of their relevance

to this domain of research. As part of the World Bank’s

Sub-Saharan Africa Transport Policy Program (SSATP),

Starkey [22] introduces a rapid appraisal survey design

for assessing transportation accessibility in a defined

geographic area. Results from semi-structured interviews with

transport operators, regulators, users, and support services

are triangulated with traffic counts and other primary data

within a relatively short period of time. Commissioned

by the International Labour Organization, Donnges et al.

[23] develop a planning process called Integrated Rural

Accessibility Planning for government-level users including

accessibility mapping, community participation workshops,

and project identification. Funded by the UK Department

for International Development, Bryceson et al. [24] utilize the

Livelihood Approach to identify the mobility and accessibility

needs of target groups in Zimbabwe and Uganda. In two

phases, the study uses Focus Group Discussion, key informant

interviews, and household questionnaires to compare the

accessibility, mode of transport and mobility needs of different

income groups. The remaining publications are review reports

based on secondary survey data to derive policy and project

recommendations on a macro level [10], [21], [25], [26].

Neither of the relevant identified methodologies include a

holistic problem-to-solution development, nor is a majority

focused on the individual rural households’ demands [25].

Most publications conclude with systematic recommendations

to regulatory stakeholders. This is indubitably important

but omits the necessary validation step to link cause and

effect. Literature also suggests that many investments into the

transport sector have missed the preceding intended impact due

to emphasizing the wrong problem scale or a sole focus on

infrastructure investments without the provision of appropriate

services [26]. Apart from acknowledging the rapid increase in

cellphone penetration [27] and conventional motorcycles as a

surveyed item that might be available to the user, only one

publication deals with the potential of modern technologies

like electric vehicles within rural supply and value chains [20].

C. Research Question

It can be seen from the literature that there is a need for an

approach that combines assessment frameworks with methods

of general problem-solving based on the application of modern

technologies. Therefore, this paper aims to develop a research

approach to understand challenges and develop solutions to

address the three CRPs of transportation services.

II. DEVELOPING A RESEARCH APPROACH

”Research approaches are plans and the procedures for

research that span the steps from broad assumptions to detailed

methods of data collection, analysis, and interpretation” [28]

According to Creswell et al. [28], a research approach is

framed by a philosophical worldview, the research design, and

its applied methods. Furthermore, the nature of the research

problem, the researcher’s personal experiences, and the

audience of any result need to be considered preliminarily. As

engineers, we follow a pragmatic problem-solving approach.

By focusing on the identified problem rather than on particular

methodologies and their ontological nature, this paper aims

to develop a requirement-driven research approach. The

deployed methods are selected according to their expected

contribution to the problem. The following paragraphs first

introduce Design Science Research as the underlying school

of thought for such a research approach. A set of context and

project-specific requirements is derived before benchmarking

existing research frameworks and methodologies against them.

A. Requirements for Design Science Research

”Historically and traditionally, it has been the task of science

disciplines to teach about natural things: how they are and how

they work. It has been the task of engineering schools to teach

about artificial things: how to make artifacts that have desired

properties and how to design them” [29].

Excluding direct carriage by humans or animals,

transportation is an activity residing on the utilization

of technical machinery like cars, motorcycles, animal carts,

or bicycles. Consequently, a problem-to-solutions approach

(research, development, and testing) includes either the design

of new or the optimization of existing artifacts. Peffers et al.

[30] summarize a set of practical rules such a research

endeavor shall comply with: The created artifact must

address the problem, be relevant, and its utility, quality, and

efficacy should be evaluated. Furthermore, the development

process must consist of proven methods and its results being

communicated to relevant stakeholders.

Several general approaches facilitate complex

human-centered problem-solving. The most prominent

one is called “Design Thinking”. Within a creative five-phase

approach, an interdisciplinary team works towards designing

a specifically suitable solution for defined target groups

[31]. In the Understand & Empathize Phase, methods from

ethnology are applied to investigate the living context of

the target group to derive a well-defined problem and target

group definition during the Define Phase. Expanding from

that, the following Ideate Phase, Prototype Phase, and Test

& Validation Phase iteratively generate solutions [31]. Each

of these is tested frequently, collecting feedback from the

target group to increase acceptance and ensure quick and

coordinated solution development [31].

Participatory Rural Appraisal is an overarching description

for an extensive set of methods to enable local people to
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share, enhance, and analyze their knowledge to plan and

act for a better standard of living [32]. Participatory Rural

Appraisal highlights the importance of secondary sources,

verbal interaction, and observations. Its origins can be found

in research on farming systems and agro-economic analysis

[32].

A more recent method to foster user-centered research and

co-creation is Living Labs. The basic concept behind them

is the involvement of the entire value chain from technology

suppliers, content and technology providers, and the end

customer or consumer in a setting that is investigated [33].

Within this real-world laboratory, it is possible to grasp the

value and implications specific technological interventions

offer. The collaboration of different actors within the Living

Labs is called open-innovation networks [34] that can enhance

user acceptance, integrate existing knowledge, and increase

sustainability.

These three general approaches inspired us to consider

the user as an active member in the research, development,

and testing by increasing interactions between the user and

technology. Nevertheless, as the objective, technology, and

users of our endeavor are highly contextual, a research

approach needs to be specified accordingly.

TABLE I
ASSESSMENT OF EXISTING METHODS

Objective No.

Method 1 2 3 4 5 6 7

Starkey et al. [22]

Donnges et al. [23]

Vajjhala et al. [35]

Njenga et al. [17]

Siebert et al. [19]

Bryceson et al. [24]

Dennis [18]

Ellis et al. [13]

B. Context and Project-specific Requirements

Differences between the context in which a technical

solution is developed, and the one in which it is implemented

are detrimental to its properties and cannot be neglected. To

translate the general practical rules imposed by Design Science

Research and the fundamental ideas from general approaches

into more context-specific requirements, the objective of this

research approach is further specified: The main objective

is to facilitate a user-centered research and development

process accompanied by continuous data gathering and

analysis. Focusing on the individual farmers’ challenges

in the agricultural value and supply chain in Ethiopia, a

sustainable transport service model needs to be developed

specifically for and with this target demographic. The key

performance indicators are the three CRPs affordability,

availability, and vehicle type. The result shall allow for

a quantified assessment of electric vehicles’ transformation

potential within the agricultural sector in Ethiopia. Based on

this main objective, a set of requirements is derived (Table II)

to further assess supplementary methods.

TABLE II
REQUIREMENTS FOR RESEARCH APPROACH

No. CRP Outcome Research approach requirement

1 Cost Sustainable
business model

Cost & revenue analysis
Value & supply chain focus
Vehicle-based service development

2 Availability Efficient operation
model

Transport demand analysis
Energy demand analysis

3 Vehicle Suitable vehicle
concept

User-vehicle interaction

4
Cost
Availability

Feasible system
integration

Energy access assessment
Existing fleet assessment
Road assessment

5
Cost
Availability
Vehicle

High user
acceptance

Co-development
Inclusiveness
Capacity building

6 General High stakeholder
acceptance

Integration of stakeholders
Transfer of ownership
Leveraging existing structures
Capacity building

7 General Validated solution

Contextual parameter definition
Longitudinal data collection
Data triangulation
Real world testing

C. Assessment of Existing Methods
The identified transport-related research methods are

assessed in Table I according to the outcome set out

in Table II. The general problem-solving methods are

excluded from the assessment as their methodology is

highly generalized. Nevertheless, their introduction and

understanding are essential as they represent the paradigmatic

foundation of the proposed research approach. Harvey Balls

are used to rate the fit on the following scale: - not

considered, - proposed, - analysed, - developed, and

- tested.

D. Generalization of Results for Potential Evaluation
As the sciences’ objective is generalizability, the

to-be-developed research approach must address its ability

to produce valid solutions for similar problems in changing

circumstances (transferability) and valid solutions for -to

limited extent- related problems. Transferability starts with

the stated research and development objectives that apply

to similar regions with shortcomings along agricultural

supply and value chains in SSA. This further applies to the

derived methodological requirements. The final selection

of the implemented methods depends on the country and

regionally-specific properties like the availability of traffic

data and needs to be evaluated beforehand. The question of

whether the produced results can be scaled on a regional

or even national level in Ethiopia poses the fundamental

question of the general resides in particular. In an economic

and therefore social science setting, Hill et al. [36] confirm

this as a widely held belief in this domain. Its validity for

engineering endeavors is at least to be questioned.

III. THE ACAR MOBILITY RESEARCH APPROACH

The proposed research approach is the result of an analysis

of specific transport-oriented approaches focused on the
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application in and for SSA and general complex sociotechnical

problem-solving methods. It is a mixed-method approach

within a scenario similar to a Living Lab, involving all

relevant stakeholders over a period of two years. The following

sections give a detailed overview of the research phases,

the methodological foundation, specific interventions, and the

technical artifacts.

A. Research Phases

The process is based on Design Thinking and is divided into

four distinct research phases. These are initiated sequentially

but allow for iterations if necessary. Since the target user

group is predefined as rural farmers, Design Thinking’s

Definition Phase is omitted. Starting with the Understand &

Empathize Phase (UP), the contextual system surrounding

rural supply and value chains in the target area is described and

parameterized. The resulting system design is then transferred

to the renamed Concept Phase (CP) for the co-development of

an extensive set of desired solution concepts. The prioritized

concepts are then translated into functional but very simple

prototypes within the Prototype Phase (PP). A subset of

feasible prototypes is tested throughout the Test & Validation

Phase (TP). The procedure takes up to two years but should

not be shorter than one year to safeguard user and stakeholder

acceptance and trust in the developed technology. Fig. 1

uses a matrix view. While the four phases’ desired outcomes

are arranged horizontally, the vertical axis separates the

methodological categories of human-centered (qualitative) and

data-driven (quantitative) methods. Each field within this

matrix shows the main methods used. These will be further

detailed in Section III-B.

B. Mixed-Method Approach & Triangulation

In all four research phases, various methods based on the

requirements derived in Table II are applied. A majority of

them are based on the presented literature, but additional

methods specific to this research approach are proposed

(Table III). Combining quantitative and qualitative methods to

provide a more comprehensive image, this research approach

can be classified as a “Convergent Mixed Method” approach

[28]. Triangulating results from different methods for the same

phenomena, supports the analysis process [36], and eases

plausibilization. In the following, the most important ones are

presented.

1) Community & Stakeholder Workshops: Within each

research phase, a community workshop involving the target

group of farmers is hosted, enabling a continued involvement

and co-creation process. The workshop duration is 2 - 3 days

to cater for initial group forming activities necessary in a

larger group of about 20 participants. The participant selection

is the same for all four workshops to facilitate analysis

over the project duration. A workshop moderator facilitates

the process in the local language. Each workshop’s topics

are based on those of the respective research phase. During

the UP, the participants work to e. g. identify challenges

and systematic problems along their agricultural supply and

value chains, whereas in the CP, efforts are focused on

theoretical solution concepts. Both at the beginning and at

the end of the project, a stakeholder workshop is held.

Representatives from local authorities, transport operators,

and international organizations active in the agricultural

sector participate in a single-day event to discuss research

interventions and outcomes. This workshop is particularly

important to create awareness amongst stakeholders and gain

support for activities.

2) Vehicle Operation: Throughout the project duration, an

electric vehicle is continuously operated as a test platform. Its

selection process is described in Section III-D. Initially, the

vehicle offers basic on-demand transportation to participating

communities. At this point, valuable technical data about road

quality, energy consumption, charging, and grid reliability

are gathered. Additionally, the users are introduced to the

technology to build trust and acceptance. In later research

phases, the vehicle operation scheme is modified as a test

platform for solutions.

3) Local Research Partnership: To increase user and

stakeholder acceptance, incorporate local knowledge, and

build local capacity, a local research partner is selected to

execute major parts of the research approach. Local research

staff is responsible for gathering data, supervising operations,

hosting workshops, and conducting surveys. A regular report

(in our case following a biweekly schedule) is gathered

from other involved persons and forwarded to the responsible

research team in Germany.

4) Literature Review: In a pre-study, relevant literature

on rural transportation, agricultural supply & value chains,

mobility analysis, electrification (on and off-grid), and vehicle

concepts with focus on SSA is identified and screened.

An extensive set of 50 influential contextual parameters is

derived. These parameters are evaluated through the mentioned

workshops and semi-structured interviews, as well as the

quantitative data gathering.

5) Semi-structured Interviews: Since the literature on

contextual parameters in the specific intervention area is

scarce, semi-structured interviews with users, operators, and

other stakeholders allow for novel perspectives. Results from

the pre-study are translated into a general framework of

themes. Newly addressed issues are first tested against

literature before being included in the framework of themes

for qualification and quantification.

C. Involved Partners

To facilitate the research approach and methods, a

multi-level structure of different research partners is

developed. A local research partner (university) oversees all

data-gathering activities, hosts community workshops, and

maintains the vehicle’s operation. The university staff directly

communicates with a farmers’ union, representing several

Primary Cooperatives (PCs). The PCs themselves are split

up into grain and seed-producing cooperatives. In Ethiopia,

most individual farmers are organized in cooperatives to

receive agricultural inputs and services [37], [38]. The

vehicle is stationed at the union’s compound and serves a

selection of two to three PCs within a radius of 20 km. The
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feasible solutions Tested solutionDefined

context

Vehicle 
tracking
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tracking

Traffic
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Vehicle 
tracking

Phone 
tracking

Traffic
enumeration

Fig. 1 Matrix view of chronological and methodological research approach

participating farming communities are exclusively members of

the cooperatives.

A Local Project Leader (LPL) is employed by the union.

He or she oversees daily operations, executes the plan set

out by the universities, and maintains engagement with

the community members, being their direct access point

to the project. He or she issues a regular (in this case

biweekly) report containing the driving routes, customers

served, goods transported, and faced issues. During the

community workshops, the LPL acts as a spokesman for the

community.

Primary 
cooperative

Primary 
cooperative

Farm

Farm

Farm
Farm

Local university
Project Coordinator

Students

Farmers‘ union
Local Project Leader

Driver

Fig. 2 Overview of the partner structure, including the respective roles
within the project

D. Test Vehicle

The employed vehicle type is one of the three transport

services CRPs. It, therefore, is of significant importance to the

success of the proposed research approach. Apart from being

an electric vehicle and therefore accurately modeling their

possible future implementation, several other requirements

arise from the SSA test setting, listed in Table IV. In short,

a simple and smart vehicle is required [20], with a smart

vehicle being one that is well-suited to the context it is being

implemented into. While multiple concepts for electrified drive

trains exist, the most common being the Hybrid Electric

Vehicle (HEV), Battery Electric Vehicle (BEV) and Fuel Cell

Electric Vehicle (FCEV), only the BEV can operate without

harmful gaseous and acoustic emissions, alleviating local as

well as global pollution problems while simultaneously being

compatible to existing energy supply infrastructure in SSA.

The requirements listed strongly differ from those typically

for passenger vehicles in highly industrialized countries, like

high speed, connectivity, and automated functions. Therefore,

such vehicles are excluded, and an alternative specifically

designed for similar requirements is sought. In 2014, the

Institute of Automotive Technology (FTM) at TUM initiated

a research and development project for an electric vehicle

concept for rural SSA, called the “aCar” [20]. In 2017, a

fully functioning prototype was exhibited at the International

Motor Show (IAA) in Frankfurt am Main, Germany, while

another was tested in Ghana. In 2020, EVUM Motors GmbH

started series production of a further refined version in
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TABLE III
APPLIED METHODS BASED ON RESEARCH APPROACH REQUIREMENT

Obj. Research approach
requirement

Method Phase(s)

1 Cost & revenue analysis

User interviews
Operator interviews
Literature analysis
Continuous vehicle operation

UP
UP
UP
All

1 Value & supply chain focus
Stakeholder workshop interviews
Community workshops
Literature analysis

UP
All
UP

1
Vehicle-based
service development

Stakeholder workshops
Community workshops
Literature analysis

UP
CP
UP

2
Transport demand analysis
Energy demand analysis

GPS mobility tracking
Traffic flow enumeration
Literature analysis

All
CP
UP

3 User-vehicle interaction Continuous vehicle operations All

4 Energy access assessment
Stakeholder workshops
Community workshops
Literature analysis

UP
UP
UP

4 Existing fleet assessment
Community workshops
Literature analysis
Traffic flow enumeration

UP
UP
CP

4 Road assessment
Continuous vehicle operations
Aerial image analysis

All
CP

5 Co-development
Community workshops
Continuous vehicle operations

All
All

5 Inclusiveness
>40% females in workshops
Female-specific value chains

All
All

5 Capacity Building
Driver training
Technician training
Community workshops

CP
CP
All

6 Integration of stakeholders
Stakeholder workshops
Stakeholder interviews

UP & TP
UP

6 Transfer of ownership
Partnership with local university
Local staffing
Farmers’ union involvement

All
All
All

6 Leveraging existing
structures

Farmers’ union involvement All

7 Contextual parameter
analysis

Literature review
Expert interviews

UP
UP

7 Longitudinal data
collection

Continuous vehicle operation
Traffic enumeration

All
CP

7 Data triangulation
Rolling data analysis
Mixed-Methods

All
All

7 Real world testing
Continuous vehicle operation
Community workshops

All
All

Germany. Due to its bespoke concept for use in rural SSA,

it fulfills the listed requirements sufficiently as shown with

Harvey Balls in the rightmost column of Table IV and will

therefore be used as this research concept’s test vehicle.

Its shortcomings are mainly based on the currently high

purchase price compared to conventionally fueled vehicles,

which will alleviate with rising production numbers, and the

currently inexisting spare parts supply in SSA, which requires

importing the needed parts from Germany within the project.

Competitors in the light electric truck sector are usually

designed for EU municipal & commercial customers, therefore

following different priorities and not being suitable for the

target scenario. Fig. 3 shows the selected test vehicle in its

current form.

TABLE IV
TEST VEHICLE REQUIREMENTS AND FULFILLMENT BY THE SELECTED

VEHICLE

Operational aspect Vehicle requirements aCar

Affordability
Low initial purchase price
Low variable cost
Longevity

Locally emission-free operation
Independence from fuel oil supply

Exclusion of HEVs

Feasible energy supply
Exclusion of FCEVs
230VAC charging
Long battery range (>100km)

Reliable operation
Low maintenance requirements

Simple design
Enclosed components
Proven components

Easy maintenance
Use of standard parts
Accessible modular construction
Technical support available

Easy failure repair
Good spare parts supply
Technical support available

Easy damage repair
Widely known materials
Available joining processes
Good spare parts supply

Uneven road surface
High ground clearance
Long suspension travel
Large ramp & breakover angles

Unpaved road surface
Flooded or damaged roads

All-wheel drive
Off-road tires
High wading depth

Inexperienced drivers Easy-to-use cockpit layout

Inexperienced personnel Safe-to-touch voltage levels (<60VDC)

Versatile cargo space Flat truck bed

Higher capacity than trad. IMTs min.1000kg useful load

Energy transport capability External power outlet (230VAC)

Fig. 3 EVUM Motors aCar [39]

E. Data Collection

An optimized operational strategy, and therefore vehicle

distribution, maximizes the impact electric vehicles can have

in this project while at the same time reducing cost, energy

consumption, and workload. To select an optimal operational

strategy, simulations in mobility frameworks accurately

depicting human behavior are needed. Conventionally, detailed
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mobility models are agent-based [40], [41] and need much

input data for calibration [42], [43]. Therefore, innovative

mobility models, methods, and data-acquisition devices shall

be explored to reduce data requirements and to acquire

needed data that describe the status quo of mobility in the

target regions. Different technological options for mobility

assessment were compared, considering the calibration

requirements of existing mobility frameworks and on-site

acquisition efforts. Table V shows the preferred methods

that offer the best ratio between acquisition effort and data

usability. The collected data will be shared openly to the

scientific community and stakeholders after anonymization

and visualized inside an online map platform for easy

continuous apprehension and processing towards mobility

framework inputs. This transformation process is based

on participatory & collaborative involvement by the open

community and will be analyzed in further publications.

TABLE V
DATA COLLECTION METHODS

Source Method Data output

GPS OBD & GPS logger

Vehicle position
Altitude
Speed
Technical data

GPS Smartphone app

Participant position
Altitude
Speed
Modality
Mobility behavior

Video Traffic enumeration devices
Traffic flow
Modalities
Local speed

Survey Mobility survey
Mobility intentions
Individual POIs

Observations
Pictures
Community engagement

Map framework
Road infrastructure
Electrical infrastructure
Aggregated POIs

F. Energy Sector Coupling

In contrast to conventionally fueled vehicles, which

rely on a separate infrastructure for their energy supply,

BEVs are inseparably linked to the local electric system.

This effectively couples the sectors of electrification and

motorization of transport and opens up many more research

questions that were previously irrelevant. Some of those

questions consider (1) the requirements that electric mobility

poses to electric supply in a rural SSA setting, (2) the

assessment of these requirements in specific geographies, (3)

the impact of AC power-sharing on agricultural use cases,

(4) the implementation in rural settings, both centralized

and decentralized and (5) the influence of all previous

results on the optimal design of BEVs. These questions

shall also be addressed within the project “aCar Mobility”

through analysis of open-access data on electrification and

gathered data from the implemented vehicle in conjunction

with modelling & mathematical optimization of power systems

using open-source software. This enables toggling the

presence of electric vehicles on or off, comparing optimum

configurations in their cost structures, uncertainties and values

offered to users. The focus will be on decentralized systems, as

rural areas are their main application area [44], they are facing

scalability issues due to rarely being economically sustainable

on their own [45]–[48], and offer advantages in modeling

due to being closed systems. Results shall be validated in

existing electrification projects by transferring the test vehicle

there temporarily. Should the need for modifications to the

vehicle arise, prototypical installations are possible using the

test vehicle both in Germany and Ethiopia.
The results of these efforts shall aid electrification and

transport stakeholders such as legislators, utilities, developers

and operators in their decision-making towards clean,

affordable energy and mobility as well as BEV designers,

producers and operators in more effectively targeting the

rural SSA market. All proceedings and results will be

published with open-source code and open-access data

wherever possible.

IV. CONCLUSION & DISCUSSION

The research approach presented in this paper fills the

gap between pure assessment methods and the actual

implementation of technological solutions. Taking a pragmatic,

result-oriented perspective on existing approaches, our work

introduces a problem-to-solution procedure that combines a

variety of methods to fulfill the contextual requirements. The

overarching goal is a methodology that caters to research,

development, and testing of vehicle-based solutions for

agricultural supply and value chains in Ethiopia, ultimately

focusing on the three CRPs affordability, availability, and

vehicle type. By encouraging user participation, early transfer

of ownership, and continuous vehicle operation, we seek

to address shortcomings of previous research projects and

develop sustainable business models around novel technology.
In 2003, a report by the SSATP concluded that it is still

easier to assess the ‘contribution’ of the transport sector

in terms of deliverables, such as the number of kilometers

of road rehabilitated. . . or the provision of IMT, than in

terms of improved access and mobility [49]. Although this

conclusion was drawn more than 17 years ago, measuring

and improving people’s choices for transportation is still a

pressing issue for most SSA countries. In particular, the

perspective on farmers’ ability to make crucial outsourcing

decisions optimizing and specializing their supply and value

chain introduced at the beginning of this paper is at stake. This

inability has far-reaching consequences. Referring to Adam

Smith’s theory of the division of labor, Rosenberg concludes

his negotiation about the importance and risks of specialization

regarding innovativeness with the remark that “the creativity

of society as a whole grows while that of the laboring poor

declines” [50]. Increasing the yield per hectare is linked

to a functioning supply chain and effective, value-creating

farming activities, but there is an upper limit. Land is scarce,

and continuous population growth in SSA countries and in

Ethiopia particularly increases the socio-economic pressure on

individuals [7]. Rural smallholder farmers and their offspring

need to seek diversification of income-generating activities

off the farm [51] which again puts affordable, available, and

suitable transportation on the table.
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The research approach introduced focuses on the

agricultural supply and value chain as the system to be

enhanced for the sake of impact measurability. Nevertheless,

certain incorporated methods, like the living lab approach,

enlarge the user’s degrees of freedom to utilize technology

in more than only agriculture and in ways it was never

used before. Consequently, from the implementation day, the

proposed research approach is due to constant iteration and

improvement. Believing in technology’s ability to enhance

lives, we as engineers need to always be able to adapt any

methodology to the needs and desires of people.
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