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Abstract

In this report the development and design of 
Claus is presented. Claus is an auxiliary drive 
train module for last-mile delivery hand trucks. 
The objective of the concept is to enable delivery 
workers to deliver parcels to the growing amount 
of addresses in urban environments with limited 
mobility access.

Due to the combination of urbanization, the 
rising  popularity of e-commerce and rising 
congestion levels in cities, delivery companies are 
increasingly struggling to transport their goods 
to the customer. Conventional delivery fleets, 
consisting of big delivery vans to handle the rising 
delivery volumes, are not suited to the urban 
environment anymore as cities are undergoing 
rising congestion rates and as automobiles are 
becoming a less prioritized mode of transport. 
Consequently, delivery workers have to cover 
larger distances from the van to the front door of 
the customer by foot. Usually, delivery workers 
use hand trucks to cover these last meters, but as 
these distances increase, walking the hand truck 
becomes a time consuming job.

Keywords: last-mile mobility, last-mile delivery, hand truck, light electric vehicle, logistics

Claus is proposed as a solution for this last leg 
of parcel delivery.  Claus is an auxiliary module 
with a built in electric drive train that connects to 
any regular hand truck.  By connecting Claus to a 
hand truck, a four-wheel vehicle is created that 
can transport a the delivery worker along with 
his or her cargo. The hand truck acts as both the 
cargo carrier as well as the steering device, while 
Claus acts as a standing deck and a drive train. 
Thanks to Claus’ geometry and volume, Claus 
can be transported in a conventional delivery 
van similarly to the hand truck. By bringing both 
a hand truck and Claus during delivery shifts, 
delivery workers are enabled to quickly and easily 
cover areas that are becoming less accessible to 
delivery vans.

Two prototypes were created that were used to 
validate the concept. A technical prototype acted 
as a means to validate the driving characteristics 
and the ergonomics. Furthermore, it was used 
to validate technical aspects such as the battery 
capacity and the drive train system. An aesthetic 
prototype was used to communicate the design to 
the stakeholders. 
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Glossary

The last mile refers to final leg of transportation 
of people and goods. The ‘last-mile’ covers the 
distance from the last transportation hub to the 
final destination.

In the context of this report the ‘last-meter’ refers 
to the part of the last-mile in which goods are 
transported from the delivery vehicle to the front 
door of the customer.

Drop-off refers to the activity of the customer 
dropping off a package at a parcel point or postal 
office

Pick-up refers to the activity of the customer 
picking up a package at a parcel point or postal 
office

A platform is a collection of production assets that 
is shared among a range of different products. The 
concept of a platform will be further elaborated 
on in chapter ‘Analysis - Modularity Approach’

A LEV is any electric vehicle that is significantly 
smaller than a conventional passenger car. 
Typically, LEV’s do not reach speeds higher than 
30km/h.

Any vehicle equipped with an electric motor that is 
powered by batteries.

Last-mile

Last-meter

Drop-off

Pick-up

Platform

LEV - Light Electric Vehicle

BEV - Battery Electric Vehicle

An OEM is a supplier or producer of components 
or sub-assemblies which the producer of the final 
product uses to compose a final product.

OEM - Original Equipment Manufacturer

G
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Refers to vehicles equipped with an internal 
combustion engine.

Delivery within 1-3 days

Delivery within 24 hours

Delivery within a very short amount of time. 
Typically within 2 hours, often even within 10 
minutes.

Relocation of production back to the home country 
of the firm.

Relocation of production closer to, but not within 
the home country of the firm.

Unique property of a product that distinguishes it 
from the competition.

A mobility scooter is an electric vehicle which 
purpose is to assist less mobile people, such 
as elderly and handicapped, in their day-to-day 
needs.

Production stage of an automobile in which the 
main frame is joined together, but no additional 
components or sub-assemblies are assembled 
yet.

ICE - Internal Combustion Engine

Deferred delivery

Same-day delivery

Instant delivery

Backshoring

Nearshoring

USP - Unique Selling Point

Mobility scooter or Scootmobiel

Body-in-white
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Architectural plan for Rotterdam 
Pompenburg. Urbanization and less 
space for automobile transportation 
poses challenges for the last-mile 
delivery sector.
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Introduction

Problem Definition

Assignment

Project Roadmap

In this section, the research topic is introduced. 
The chapters are based on the original project 
brief that was established for the kick-off of the 
project. The original project brief can be found in 
Appendix A.

The last chapter presents a project roadmap of 
the activities that were executed over the course 
of the project.
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Introduction

European urban infrastructures are undergoing 
a transformation due demographic and political 
trends. Ongoing urbanization puts a high strain 
on current urban infrastructures which are 
most often not designed for the growing amount 
of automobile traffic. In addition, the European 
Green Deal states that the European Union must 
reduce emissions from cars by 55% before 2030 
(Delivering the European Green Deal, 2021). As a 
result, European cities are urged to invest in more 
sustainable alternatives to guarantee citizens 

reliable, fast and clean transportation. However, 
this transformation poses challenges for the 
logistics sector since urban areas are becoming 
less accessible for the conventional fleet of 
delivery vehicles. Next to accessibility challenges, 
the parcel volume that has to be handled by the 
logistic companies has risen enormously. In 2019 
e-commerce still showed a worldwide growth 
rate of 20,5% (Statista, 2022). as a result, delivery 
workers have to deal with high time pressures 
(Boysen et al., 2020). 

These problems mostly occur in the very last leg 
of the supply which is often referred to as the 
’last-mile’. The last-mile can be defined as the 
final part of the supply chain where the parcels, 
foods, or groceries land in the hands of the final 
recipient. In research from Capgemini (2019) it is 
estimated that the last mile accounts for 41% of 
the overall supply chain costs. In spite of this high 
market share, delivery companies do not operate 
very efficiently within the last mile delivery 
domain, due to the before mentioned challenges. 

Next to the efficiency challenges for delivery 
businesses and the high shipping costs for the 
final recipient, online retailers are stakeholders in 
this problem as well since they typically take on a 
portion of the delivery costs in order to offer their 
customers lower shipping prices. (Capgemini, 
2019)

Given these challenges, many efforts have been 
done to improve the supply chain accordingly. 
Envisioned solutions range from alternatives on a 
vehicle level such as electric cargo bikes, to pilots 
with delivery drones and autonomous vehicles, 
to strategic reorganization of the overall supply 
chain (World Economic Forum, 2019). Although a 
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lot of development is focused on single vehicles 
for specific delivery scenarios, there is little 
development on modular vehicles that can be 
configured to multiple specific delivery scenario. 
Since the circumstances in which delivery vehicles 
operate differ enormously among delivery 
businesses and urban environments, a modular 
approach for delivery vehicles enables delivery 
businesses to configure their fleets according to 
their individual interests.

A second factor that has become of interest in the 
last decade is the relocation of manufacturing 
closer to the market. This term is often referred 
to as backshoring or nearshoring (Fratocchi et al., 
2014). There are various motivations for back- and 
nearshoring production among which are shorter 
lead times, mitigation of supply chain risks and 
higher perceived quality by the customer in the 
case of European and American producers (di 
Mauro et al., 2018) (Colamatteo et al., 2021). 

The production of a modular light electric 
vehicle might offer a strategic opportunity for 
some automotive OEM’s. Traditional automotive 
power train OEM’s have a reason to tap into new 
markets since the internal combustion engine 
(ICE) is slowly getting replaced by battery electric 
vehicles (BEV) (Ciftci et al., 2022),(Govindan et al., 
2022). The facilities and knowledge that is present 
at these OEM’s might offer a good foundation 
for production of LEV’s close to market. At the 
same time these companies can also establish a 
strategic shift in their product portfolio.

The objective of this study is to develop a concept 
for a modular electric vehicle that can be 
configured to multiple delivery use-cases. Local 
production of this vehicle will be explored as a 
means to ensure flexible production. 

The first section of this study will examine the 
context of last mile delivery by exploring the 
stakeholders’ activities and interests. Also, other 
context factors such as an in-depth analysis of 
modular product architecture and future scenarios 
are performed. In the subsequent section, the 
developed concept is presented. Finally, this 
concept will be evaluated in the validation section 
which encompasses several user tests and 
recommendations for future development of the 
concept.

D
epot em

ployee sorting 
parcels
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The last-mile delivery problem is a very complex 
and large problem. Therefore, it is beyond the 
scope of this master thesis to provide a feasible 
holistic solution for the overall last-mile supply 
chain problem. Instead, the scope of this project 
is to conceptualize a solution for a sub-problem 
in the last-mile delivery problem. The main sub-
problem that is of interest in this project is the 
instance when the delivery worker has to transport 
goods from the main delivery vehicle to a recipient 
or the other way around. These ‘last-meters’ or 
‘in-between’ moments are of significance since 
they influence the delivery speed to a great extend. 
This project aims to deliver a vehicle concept 
for the last-meter that takes the challenges of 
the last-mile into account. At the same time the 
architecture of the vehicle should enable the user 
to configure the vehicle according to the particular 
cargo type, travel distance and traffic situation. 
On a final note, the design of the vehicle should 
account for local production. The aim is to explore 
what automotive production methods are suited 
for producing this vehicle close to the market.

Problem definition
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Assignment

A concept for a modular delivery vehicle will be generated by studying the problems of 
the last-mile delivery ecosystem and by exploring those through the lens of multiple 
delivery scenarios that have future potential. Automotive production methods will be 
explored through which a production proposal for the vehicle will be generated. The 
modular architecture will be defined by pinpointing the needs and use-cases of all 
the different stakeholders.

Assignment
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Project Roadmap

This roadmap is a visual representation of the 
progression of the project from the kick-off 
meeting till the graduation ceremony.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Look and Feel

&

Ergonomics

&

Technical challenges

USP’s

&

Functional freeze

m
id-term

Contextual research & stakeholder identification

Ideation

&

Experimental rototyping

&

Contextual inquiry

Package & materialization Prototyping
User testing

Validation
ReportingScenario exploration

kick-off

green light

graduation cerem
ony

Orientation & defining brief

Revision of b
rief

Through multiple potential scenarios 
the future of last-mile delivery was 
explored. This has set the scene for 
product conceptualization of a 
product with a viable future.

In this phase a beginning was made 
on the unique selling points by 
filtering and composing the relevant 
data from the prior phase

Finding relevant data and stakeholders on context factors

Research into:
Last-mile delivery
Manufacturing - Local Production
Urban environment

The phase prior to the kick-off 
meeting consisted of orientation 
on the subject and writing the 
initial project brief.

By reviewing the future scenarios and the USP’s 
the initial ideation phase was started.

Various concepts based on hand trucks were 
established because the hand truck turned out to 
be a strategic domain for further exploration.

Selection of the concepts took place resulting in 
three concepts. Subsequently, the strengths of 
the three concepts were combined to form a 
single concept. Prototyping of this concept 
followed.

On basis of this prototype a new concept was 
made that was feasible to realize within the time 
given for this project. The functionalities of this 
concept were pinpointed. From this point on the 
concept was fixed.

The look and feel of the 
concept was explored 
through multiple collages.
The ergonomics were 
evaluated by both desk 
research and prototype 
testing.

Some technical 
challenges such as the 
steering mechanism were 
also tackled in this phase.

This phase consisted of defining the 
production techniques, materials and 
looks of the product.

In addition, the cost price was 
estimated.

This phase consisted of testing the 
prototypes on several aspects such as 
ergonomics, drive characteristics and 
power provision.

Prototyping both a technical and an aesthetical 
prototype of the final design.
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concept was fixed.
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concept was explored 
through multiple collages.
The ergonomics were 
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research and prototype 
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Some technical 
challenges such as the 
steering mechanism were 
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Bicycle graveyard - Hangzhou, China 

What initially began as an initiative 
to offer Hangzhou citizens better 
and cleaner shared mobility, ended 
up in thousands of deserted bicycles 
cluttering the streets of Hangzhou. 
Once the Chinese government decided 
to round up all the deserted bicycles, 
the bicycles had no other destination 
than a dedicated graveyard.
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A
N

A
LYSISThis section of the report elaborates on the context 

of the stakeholders as well as last-mile mobility. 
The conclusions of each individual research topic 
were translated into implications for the final 
design. On their turn these implications translated 
into five unique selling points.

To conclude this chapter the five unique selling 
points were composed and elaborated on.

Stakeholders

Delivery Workers

Delivery Businesses

Retailers

Municipalities

Manufacturers

Modularity Approach

Product Benchmark

Future scenarios

USP’s
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Multiple stakeholders were identified and 
discussed. The diagram below displays the 
stakeholders that are involved within the scope of 
this project.

Within the domain of last-mile delivery four sub-
domains were identified, namely meal delivery, 
parcel delivery, on-demand grocery delivery 

and normal grocery delivery. Therefore, some 
stakeholders are represented by sub-categories. 
These are indicated in the diagram by the darker 
table.

The following couple of chapters elaborate on the 
main categories of stakeholders.

Stakeholders

Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers
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Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers
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Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers

Delivery Workers

Parcel delivery workers

Delivery workers ship goods and foods on behalf 
of the delivery business from the retailer to the 
recipients. Delivery workers are the actual users 
of delivery vehicles. The specific activities that are 
carried out by the delivery workers differ among 
the various types of delivery businesses.

To get familiar with the activities and pain points 
of the delivery workers, field research was done. 
A contextual inquiry with a parcel delivery worker 
was done and in addition a brief observational 
study was done on on-demand delivery workers 
and meal delivery workers. Since the final design 
is mostly focussed on parcel delivery workers this 
chapter highlights the parcel delivery workers. 
Contextual studies into other segments can be 
found in Appendix G. The full contextual inquiry 
on the parcel delivery worker including a photo 
report can be found in Appendix F

The interviewed delivery worker mentioned that 
an average parcel delivery worker has to deliver 
around 200 parcels per day. That gives the delivery 
worker 120 seconds per parcel for delivery. 
This puts a high strain on delivery workers. The 
delivery worker that was studied also mentioned 
that delivery in urban areas could be a daunting 
task due to a combination of the time pressure 
and traffic situations. 
According to the delivery worker driving the van 
to each individual delivery destination results in 
irritated road users due the van obstructing the 
road at every stop. An alternative is to gather 
a selection of parcels and walk them to their 
destinations with a hand truck, while the van is 

parked on the corner of the street. However, the 
distance that could be covered in a time-efficient 
way by foot is very limited.

The delivery worker himself did not often use a 
hand truck for these last legs of delivery. He said 
that his particular route through rural areas did 
not necessarily needs a hand truck since he could 
stop his van in front of every address without any 
problems. However, he mentioned that delivery 
workers in big cities such as Amsterdam very 
often use hand trucks to carry 20-30 parcels 
through streets and through apartment buildings. 
According to the delivery worker these delivery 
workers sometimes travel for 1,5 km with the 
hand trucks.
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The delivery worker mentioned that the work 
can be physically demanding in some situations. 
He mentioned that especially routes that include 
shops or businesses often contain heavy packages. 
Repeatedly loading, unloading and carrying these 
parcels can be exhausting. In general, every route 
is physically demanding to some extend since 
every stop requires the delivery worker to get out 
of the van and carrying packages to front doors.

The inquired delivery 
w

orker searching for 
the correct parcel.

Implications for design - Delivery worker

The design should ensure that the delivery 
worker can work efficiently yet enjoy his 
or her work. Therefore the product should 
not be physically demanding to use.

Manoeuvrability is of importance since 
its use environment is a crowded urban 
setting.

Every city, every route, and every 
delivery is unique. The design should be 
customizable to each situation.

Delivery workers are on a very tight time 
schedule and therefore they do not have 
the time to delicately handle their tools.

•

•

•

•
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Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers

Delivery Businesses
Delivery businesses are responsible for bringing 
goods from retailers or depots to recipients. 
These businesses are either in-house logistic 
departments or stand-alone logistic companies. 
The delivery businesses are responsible for 
managing the delivery fleet. An appropriate 
logistics approach with an appropriate fleet 
can result in lower shipping costs and better 
customer and delivery worker satisfaction. For 
example, electrification of the fleet ensures lower 
fuel expenses.

The retailers of goods and foods either have in-
house delivery services or they have contracts 
with external delivery businesses. Very often the 
retailers take on a portion of the delivery costs 
to offer the customer lower prices (Capgemini, 
2019). Therefore, lower shipping costs are of 
interest for retailers as well.

Retailers

Implications for design - Retail and Business

The vehicle is able to offer efficient parcel 
delivery .

An electric drive train is desired for 
affordable  power consumption.

•

•
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The final recipient of the goods is both the person 
who ordered goods and the person who finally 
receives the ordered goods, meals or groceries. 
The exact characteristics of the recipient are 
dependent on the type of goods that are ordered. 
For example, a person who orders a meal or on-
demand groceries is most likely at home and 
has good awareness of the delivery process. A 
consumer who orders parcels online does often 
have limited control or overview over the supply 
chain.

However, since the final design is initially focussed 
on parcel delivery, this chapter discusses the 
characteristics of the recipient of parcels.

As e-commerce is growing, the last mile 
delivery sector is starting to get more user 
oriented (McKinsey & Company, 2016). Also, 
since competition is fierce, shipping companies 
are focussing on customer experience to gain 
strategic advantages over their competitors. 

Recipients have distinct desires that shipping 
companies have to take into account. A survey by 
McKinsey & Company (2016) with respondents 
from both Western and Asian countries mapped 
these customer desires to better understand 
customer preferences. The report by McKinsey 
suggests that the means of transportation is of 
lesser importance than the price, the speed and 
the reliability. 

Implications for design - Recipient

The price, the speed and the reliability of 
parcel delivery are key factors which the 
recipients concern. The design should 
take these factors into account.

•

Recipients

What I do care about What I don’t care about

Price

Speed

Reliability

Type of transport
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Municipalities
Municipalities are important stakeholders 
since they prescribe the layout of cities’ urban 
infrastructure. Appendix L is a more elaborate 
study into the urban context. In this chapter the 
most relevant findings are presented.

Originally, most infrastructures of European 
cities were not build for the rising number of 
automobile traffic that is currently dominating 
cities. The introduction of the car brought huge 
advantages for citizens thanks to the possibilities 
it offered for quick and flexible transit. When the 
popularity of the car grew, the infrastructure of 
cities had to be revised drastically. Nowadays, 
the automobile infrastructure is reaching its 
limits. Commuters are struggling each day with 
congestion during peak hours and transporters of 
goods are struggling with higher volumes, more 
traffic, and cities’ emission regulations.

Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers

European cities have to rethink their mobility 
strategies in order to offer their citizens reliable, 
safe and clean mobility and to reach the emission 
reduction goals that were stated in the European 
Green Deal. 

In many European cities this has resulted in 
investments in alternatives to the car such as 
better and smarter public transport and bicycle 
lanes in order to motivate citizens to choose a 
sustainable mode of transport. Other initiatives 
aim to demotivate citizens to use cars. This 
includes congestion zones, emission zones, and 
high parking fees.

For last-mile delivery providers these initiatives 
result in a worsening work environment. LMD 
businesses have to find solutions by either 
abandoning the conventional delivery vans or by 
deploying their fleet of vans in a smarter way.
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In the last decade the popularity of LEV’s has 
grown significantly resulting in a number of new 
vehicle types that can not directly be categorised 
into any existing laws and regulations. In chapter 
Validation - Discussion | Recommendations - 
Rules and regulations this topic is explored in 
greater detail. A main focus point of the existing 
laws and regulations is that the safety of the driver 
and other road users is guaranteed.
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Implications for design - Municipality

The vehicle should not emit any 
greenhouse gasses or particular matter 
directly when in use.

The vehicle should not pose a safety 
hazard for other road users.

The vehicle should offer an alternative to 
the conventional delivery van or it should 
operate in collaboration with conventional 
delivery vans.

•

•

•

Safety
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Since the aim is to manufacture the vehicle in 
local manufacturing plants, manufacturers play 
an important role. It is of interests to the assembly 
lines and OEM’s that the design of the vehicle is in 
line with their capabilities and facilities.

The production of light electric vehicles might 
offer a strategic opportunity for some automotive 
OEM’s. Traditional automotive power train OEM’s 
have a reason to tap into new markets since the 
internal combustion engine (ICE) is slowly getting 
replaced by battery electric vehicles (BEV)(Ciftci 
et al., 2022),(Govindan et al., 2022). The facilities 
and knowledge that is present at these OEM’s 
might offer a good foundation for production of 
LEV’s close to market. At the same time these 
companies can also establish a strategic shift in 
their product portfolio.

OEM’s

Delivery Businesses Delivery Workers RecipientsManufacturers

OEM’s

On-demand grocery business

(Online) Supermarkets

Meal delivery services

Parcel delivery services

Meal delivery workers

Parcel delivery workers

On-demand delivery workers

Grocery delivery workers

•

•

•

•

Municipalities

Citizens

European Union

Restaurants

E-commerce stores

Retailers

Manufacturers
Local production of the product is one of the 
criteria that was desired by DNAMX. The main 
motivation behind local production is that it allows 
for more flexibility down the whole supply chain. 
In addition, global geopolitical tensions and 
unstable transportation logistics result in a fragile 
supply of products from other parts of the world 
(di Mauro et al., 2018).

Since the before mentioned challenges are  
occurring world wide, local production is relevant 
across the globe. However, to limit the scope of 
this project, local production in Europe is the 
focus area.

This chapter elaborates on the role of local 
suppliers in producing products near market.
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To ensure feasible production in Europe, the 
amount of manual labour should be minimized. 
The big advantage of production in Asia is that 
manual labour is abundant and cheap. In Europe 
however, manual labour is expensive.

Local production is already practiced by the 
automotive industry. Therefore, the automotive 
industry is a source of inspiration regarding 
production and assembly techniques that can 
be deployed for local production. A summary 
of production techniques that are used in the 

automotive industry is provided in Appendix C. It 
is important to keep in mind that the automotive 
industry deals with enormous production volumes 
and enormous investment capitals. When 
choosing a particular production technique the 
investment costs should be weighed against the 
production volume.

In the conceptualization phase, the summary of 
automotive production techniques and assembly 
is used to select an appropriate production 
technique for the product. 

Materialization

Implications for design - Manufacturers

Automated production techniques prevent 
the need for expensive manual labour

Enabling automated production 
techniques implicates large investment 
costs and therefore large production 
volumes to ensure feasible consumer 
prices.

The automotive industry acts as an 
example for local production.

•

•

•
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In the broadest sense, a platform is a collection 
of production assets that are shared by a set 
of products (Robertson & Ulrich, 1998). These 
assets can range from components, to production 
equipment, to supply chains, to testing methods 
and even to relationships with a network of 
suppliers. The development of a platform is always 
a trade-off since too much common assets result 
in a uniform product family while too less common 
assets result in higher overall engineering and 
production costs. The right balance between 
these two factors is dependent on factors such as 
production volume, diversification among target 
groups, product dimensions and the available 
production facilities.

An important aspect of the platform strategy 
is the modularity of products. In the automotive 
industry modules are defined as follows: “A group 
of components physically close to each other, 
that are both assembled and tested outside the 
facilities and can be assembled very simply onto 
the car “(Sako & Warburton, 1999). This definition 
implies that the product architecture should be 
designed in such a way that these modules can be 
assembled directly onto the product, in this case 
a car. The main challenges of designing a modular 
product architecture are added engineering 
time and costs, complex tolerance management 
and structure redundancies due to splitting the 
product into modular chunks. 

A modular product architecture aims to build 
products with standard building blocks called 
modules. These modules can be connected to each 

other via standardized interfaces. The customer 
or assembly worker can configure a range of 
products by composing a specific selection of 
modules. 

In order to design a successful modular product 
architecture, one approach suggests to subdivide 
the product into multiple functional chunks that 
will later form the modules (Zomeren et al., 
2012). A logical subdivision is initially made on 
the basis of sub-functionalities of the product. 
For example, the power provision for an electric 
vehicle translates into a chunk containing the 
battery module including batteries and the 
battery housing. However, conversion of some 
product functionalities into modules is not so 
straightforward. In the case of mechanical 
steering, the steering functionality of a vehicle 
is achieved through a steering wheel that is 
connected to the wheels. The connection is made 
with multiple chains and links that travel through 
various other segments of the vehicle. In this case 
conversion into a module is a tedious job since the 
individual components interface with a multitude 
of other components which do not play part in the 
steering functionality. A well considered design 
decision has to made in order to define what 
components are included in the module and what 
components are not included. Too less components 
might result in no added benefit of modularity, too 
many components might result in engineering 
redundancies that increase total production 
costs. Other factors such as supplier capabilities, 
assembly line capabilities and production volume 
play a role in this decision making as well. In 
order to ensure strategic benefit of a platform, the 
end products should offer added customer value 
and offer lower purchase prices. When executed 
well, a platform drops the production costs 

Modularity Approach

Platform
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for each product in the product family, thanks 
to shared engineering costs, shared facilities, 
larger batch production and quantity discounts in 
supply chains. However, the effect of a platform 
product architecture can have detrimental effects 
on the structural integrity of the product, which 
can create the need for complex engineering 
solutions which in turn can result in higher part 
counts, and a more complex assembly line. These 
solutions therefore only add costs to the product. 
This is directly opposed to the initial intentions of 
the platform concept. To illustrate the benefits 
and the threats of the platform strategy two case 
studies are done. The first case study examines 
the well executed Volkswagen MEB-platform, 
the second case study showcases the threats of 
a platform by studying a concept for an electric 
scooter platform. These case studies can be found 
in Appendix D.

Four modular sub-architectures were identified by 
studying modular products. The main differences 
between the set-ups are whether the assembly of 
the modules occurs at the production side or at the 
customer side. The objective of this classification 
is to find an appropriate module architecture for 
the final design.

1. Shared components
This set up is used by companies to reduce 
costs by sharing components across  multiple 
products. The benefit of this approach is that 
these components do not have to be produced 
and engineered for every single product in the 
companies’ product portfolio. For example, a 
bicycle producer can use the same breaks, fenders 

Four types of modularity

The Cow
boy C4 and 

the Cow
boy C4 ST 

are different bike 
although they have 
m

any com
ponents 

in com
m

on

1
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and head tubes across the whole product portfolio 
while still developing a diverse product family. 
In this set-up the customer usually has some 
control over the configuration of the product, but 
the manufacturer assembles the product.

2. Interchangeable modules
A product that allows for interchangeable modules 
can receive a varying selection of modules at 
the same interface. This is done so that the 
manufacturer is able to produce a wide range 
of products by composing specific selections 
of modules. For example, the MEB-platform by 
Volkswagen AG can act as the basis for utility vans 
as well as for small family cars by composing 
the corresponding battery pack, battery housing, 
electric motor, etcetera.

3. Customer configuration
In this set-up the customers themselves are in 
control over the module configuration during the 

use-phase. For some products it does not make 
sense to have them assembled in the factory. 
Photographers for example, want to be able to 
make close-up photos and landscape photos with 
the same camera so they do not have to buy and 
carry multiple camera bodies. In this case the 
user can assemble a variety of different lenses 
to the camera to tailor the camera to the specific 
use-case of the moment.

4. Customer expansion kits
In this setup the customer is able to infinitely 
expand a product by adding modules. An example 
is the Lundia closet. This closet can be tailored to 
a specific space by adding as much modules as 
needed. Typically every module has an interface 
that receives the following module.

Upon analysing the four types of modularity 
that are discussed in this chapter it is a logical 
choice to pursue the Customer Configuration (3) 
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modularity. Since customer configuration enables 
the user to compose the product on the spot to 
tailor it to the specific use-case, it fits the last 
mile delivery domain. In parcel delivery, every 
city, every neighbourhood and every delivery puts 
the delivery worker in a different situation as 
was concluded from the contextual inquiry. If the 
delivery worker was provided with a vehicle that 
can be tailored on the spot the specific delivery 
situation, it offers the delivery worker a strategic 
benefit.

It should be noted that the four types of modularity 
can be combined in one single product. For 
example, a specific Nikon camera body likely 
shares components with other Nikon body 
models, thus making a Nikon camera both of the 
customer configuration type as well as the shared 
components type.

D
SLR

 cam
eras offer 

the possibility for 
the user to fit a 

variety of lenses

4

Implications for design - Modularity

The delivery worker should be able to 
control the modules him or herself in 
order to tailor the vehicle to a specific 
delivery situation.

The modules should be divided in logical 
subdivisions that can be assembled and 
tested prior to final assembly.

•

•
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Product Benchmark

A product benchmark was done to analyse 
what kind of vehicles are currently deployed for 
transportation in the last-mile domain. 

From this benchmark several vehicle categories 
were derived that are listed below. The vehicles 
that were identified reach from the private domain 
to the corporate domain and from cargo vehicles 
to passenger vehicles. The matrix on the right 
page displays all the vehicles on two axes with the 
before mentioned variables. 

An interesting outcome is that all vehicles either 
resemble a conventional delivery van albeit 
electric or that these vehicles do not have the 
parcel capacity of a delivery van.

Furthermore, it is striking that human powered 
vehicles are very abundant, especially vehicles 
that are electrically assisted and resemble 
bicycles.

Hand truck

Cargo bicycle

e-Scooter

e-Step

Delivery Van

Stint
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Various types 
of vehicles w

ere 
identified in the 
last-m

ile delivery 
dom
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Scenarios

The future of LMD is widely speculated. Since the 
LMD problem is  occurring worldwide it is a main 
point of interest for many research institutes, 
consultancy firms and universities. These 
institutes propose a wide range of scenarios 
that might occur either in the near or far future. 
However, in literature no definitive solution or 
suggestion is proposed as the future of last-mile 
delivery is dependent on too many factors that can 
not be known in advance. 

In addition to the range of solutions that literature 
proposes, a couple of other scenarios were 
drafted that were based on the various sources 
of literature. These scenarios along with a 
description can be found in Appendix E.

As no definitive solution is proposed, it was studied 
whether different types of vehicles occur in these 
future scenarios.

The first column of the table below displays the 
various vehicle types that were found in the previous 
chapter. The first row displays the scenarios that 
were composed and found in literature. The body 
of the table indicates whether a specific vehicle 
type plays a part in which scenarios.  This method 
indicates which vehicle type occurs in the most 
scenarios. This vehicle type has a higher chance 
of long-term benefit as the chances are higher 
that it will remain significant in the near future.
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In almost every scenario the hand truck occurs 
as an auxiliary tool for the delivery worker. The 
relevance of the hand truck likely lies in the 
versatile characteristics that come in handy when 
a delivery worker needs to deliver the last-meter, 
as was also seen during the contextual inquiry 
Moreover, the hand truck is an affordable tool 
that is easy to use and applicable to all kinds of 
deliveries. Therefore, the hand truck is used as a 
starting point for further ideation on the design of 
a LMD mobility solution.

Implications design - Scenario & Benchmark

The design should be based on a hand 
truck or complementary to a hand truck.

•

In N
ew

 York 
delivery drivers 
use hand trucks to 
transport packages 
through city blocks 
and apartm

ent 
buildings.

Conclusion
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The customer is able to adapt the vehicle to his or her specific demands by using modules

The vehicle is not a nuisance or safety hazard to other road users during use.

The vehicles make the job of the delivery worker physically less demanding.

Local production

The delivery worker is able to manoeuvre the vehicle through areas that are hard to reach with 
conventional delivery vans.

1.

3.

4.

5.

2.

Implications design - Scenario & Benchmark

The design should be based on a hand 
truck or complementary to a hand truck.

•

Implications for design - Recipient

The price, the speed and the reliability of 
parcel delivery are key factors which the 
recipients concern. The design should 
take these factors into account.

•

Implications for design - Retail and Business

The vehicle is able to offer efficient parcel 
delivery .

An electric drive train is desired for 
affordable  power consumption.

•

•

Unique Selling Points
Five unique selling points were deducted from the 
context research. The diagram below indicates 
how the conclusions from the context research 
were translated into the five USP’s. On the next 
page the USP’s are discussed in detail. 

The function of the USP’s is to establish a starting 
point for ideation and to gain strategic benefit over 
the competitors. The implications on design that 
were established in the prior chapters both act 
as a basis for the USP’s but also complement the 
USP’s. Also, the USP’s are used to establish a list 
of criteria. 
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Implications for design - Modularity

The delivery worker should be able to 
control the modules him or herself in 
order to tailor the vehicle to a specific 
delivery situation.

The modules should be divided in logical 
subdivisions that can be assembled and 
tested prior to final assembly.

•

•

Implications for design - Manufacturers

Automated production techniques prevent 
the need for expensive manual labour

Enabling automated production 
techniques implicates large investment 
costs and therefore large production 
volumes to ensure feasible consumer 
prices.

The automotive industry acts as an 
example for local production.

•

•

•

Implications for design - Delivery worker

The design should ensure that the delivery 
worker can work efficiently yet enjoy his 
or her work. Therefore the product should 
not be physically demanding to use.

Manoeuvrability is of importance since 
its use environment is a crowded urban 
setting.

Every city, every route, and every 
delivery is unique. The design should be 
customizable to each situation.

Delivery workers are on a very tight time 
schedule and therefore they do not have 
the time to delicately handle their tools.

•

•

•

•

Implications for design - Municipality

The vehicle should not emit any 
greenhouse gasses or particular matter 
directly when in use.

The vehicle should not pose a safety 
hazard for other road users.

The vehicle should offer an alternative to 
the conventional delivery van or it should 
operate in collaboration with conventional 
delivery vans.

•

•

•
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1. The customer is able to adapt the vehicle to his or her specific demands by using modules

2. The delivery worker is able to manoeuvre the vehicle through areas that are hard to reach with 
delivery vans.

3. The vehicle is not a nuisance or safety hazard to other road users during use.

4. The vehicles make the job of the delivery worker physically less demanding.

5. Local production

With the concept vehicle the delivery worker is 
able to configure the vehicle on the spot to his or 
her specific use case. The hand truck acts as the 

The vehicle is designed for a dense and crowded 
urban context. Therefore it is of importance that 
the vehicle can be manoeuvred through dense 

Citizens and other road users are important 
stakeholders since they directly interact with the 
vehicles during operation. They form the public 
opinion on the delivery business or retailer. A 

The job of the delivery worker can be physically 
demanding due to long shifts and due to lifting 
heavy loads repeatedly. Healthier and less 
stressed work force can help to boost productivity. 

Local production of the product is one of the 
criteria that was desired by DNAMX. The main 
motivation behind local production is that it allows 
for more flexibility down the whole supply chain. 
In addition, global geopolitical tensions and 
unstable transportation logistics result in a fragile 

base module to which one or more other modules 
can be added. The hand truck can be used on its 
own as well for short distance delivery jobs.

and populated environments effortlessly by the 
delivery driver. This goes for both driving on the 
sidewalk an driving on the road.

good and safe interaction with the vehicles on the 
road can help to form a good brand image for the 
operating company.

Therefore the vehicle should help the delivery 
workers to make their jobs physically less 
demanding. 

supply of products from other parts of the world.
Next to a strategic advantage on logistics, 
local production can also offer an opportunity 
for traditional power train OEM’s. Due to the 
electrification of automobiles, ICE OEM’s might 
have to find other strategic markets to tap into.
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Render of the final design in the 
context of a delivery van.
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Design Outcome

Materialization

Manufacturing

Look & Feel

Package

Cost Estimation

In this section the design outcome is presented 
based on the USP’s and the research of the prior 
section. An extended ideation phase preceded the 
eventual design. However, in this chapter only the 
final design and the motivations for the design 
features are presented. The ideation activities can 
be found in Appendix H & I

At first, some general topics regarding the design 
are discussed to support the general direction 
and dimensions of the design. Subsequently, 
the sub-components are discussed to clarify the 
motivations for the materialization of the design. 
Finally, a cost estimation is done to shed light 
on the consumer price of the product. The cost 
estimation also acts as a means to see how the 
product performs in the market. A second product 
benchmark was done to compare the price 
and functionalities to other last-mile mobility 
products.

A
C
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A
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Claus is an auxiliary module with a built in electric 
drive train that connects to any regular hand truck. 
By connecting Claus to a hand truck, a four-wheel 
vehicle is created that can transport both the 
users along with their cargo. The hand truck acts 
as both the cargo carrier as well as a steer, while 
Claus acts as a standing deck and a drive train. 
Thanks to Claus’ geometry and volume, Claus 
can be transported in a conventional delivery 
van similarly to the hand truck. By bringing both 
a hand truck and Claus during delivery shifts, 
delivery workers are enabled to quickly and easily 
cover areas that are becoming less accessible to 
delivery vans.

Given the quick attach and release coupling point, 
the delivery worker is offered the choice between 
using an individual hand truck or using the hand 
truck together with Claus. This enables the 
delivery worker to cover smaller distances with a 
standalone hand truck and larger distances with 
Claus attached.

Design Outcome
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Weight w/o battery: ±18,9 Kg

Battery weight: ±1-3 Kg

Top speed: 6 km/h

Dimensions (lwh): 120cm, 35cm, 40cm

Motor: 300W transaxle motor

General Specifications
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With Claus

• Medium distances 20m - 5km
• Electric motor

Claus broadens the potential of the hand truck 
by extending the range and by minimizing the 
physical effort for the user. 

This allows the delivery workers reach addresses 
that are hard to reach due to congestion or traffic 
regulations. Once delivery workers place their 
van at the perimeter of a congested zone, they can 
attach Claus to their hand trucks and reach further 
in a shorter timespan compared to delivery with a 
standalone hand truck.

Without Claus

• Short distances 0-50 m
• Human powered

The conventional hand truck is being used in 
delivery work for short distances. Usually, a 
delivery worker unloads the hand truck along with 
the cargo from the van to subsequently walk the 
hand truck with the cargo to the final destination. 
Once the parcels are delivered, the delivery 
worker loads the hand truck back into the van to 
proceed to the next addresses. 

In contrast to carrying parcels by hand, the hand 
truck enables the delivery worker to transport 
a multitude of packages. In addition, it ensures 
that the delivery workers do not have to carry the 
weight of the cargo their selves.
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USP’s

1. The customer is able to adapt the vehicle to his 
or her specific demands by using modules
The delivery workers are able to choose whether 
they use the hand truck separately or whether 
they will use the hand truck in combination with 
Claus. 

2. The delivery worker is able to manoeuvre the 
vehicle through areas that are hard to reach with 
delivery vans.
Since Claus is of equal dimensions to the hand 
truck, it does not require a lot of space. Moreover, 
Claus can take tight corners without any problems.

3. The vehicle is not a nuisance or safety hazard 
to other road users during use.
Claus has a maximum speed of 6km/h. Moreover, 
it can be clearly spotted since the driver is in an 
upright position. The driver is standing a little bit 
higher than the average pedestrian thanks to the 
elevated deck. This ensures that the driver has 
overview over the traffic situation.

4. The vehicles make the job of the delivery 
worker physically less demanding.
Claus enables the delivery worker to carry 
packages over longer distances without the need 
to walk. This means that the delivery worker is not 
required to get in and out of the van at every stop. 

5. Local production
In order to prevent manual labour, production 
techniques are selected which ensure that local 
manufacturers can produce the vehicle.

The name of the final product is Claus, which is an 
acronym for ‘Conrad’s Letzter-meter Anhang für 
Utilität Stockkarre’

Thanks to the German origin of the name, 
Claus is supposed to evoke a feeling of German 
robustness. In addition, Claus is supposed to give 
a certain character to the vehicle that the users 
can relate to as a buddy which they always can 
rely on.

Claus evokes the association with Santa Claus. A 
parallel can be seen in the sense that both Santa 
Claus and Claus bring packages to people their 
homes.

Nomenclature



  •   42
- A

ctualization -
19 A

ugust 2022

Thanks to Claus a delivery worker can gain time 
compared to delivery with a standalone hand 
truck. In order to indicate how much time is 
gained during one shift, a calculation is made 
on basis of a couple variables. An important 
variable is the length of a single leg (dleg). A leg 
is defined as the distance from the delivery van to 
the delivery address and back to the delivery van 
again. Secondly, the total  amount of legs (nleg) 
a delivery worker drives during one shift dictates 
the total time gain during one day. The last two 
parameters are the walking speed without Claus 
(vwalk) and the driving speed with Claus (vclaus).

In the table to the left a time gain calculation is 
done on basis of a range of leg distances. The 
lower right column indicates how much time can 
be gained per leg distance. The formula on the 
bottom of this page was used to calculate these 
values.

tgain = (dleg * vclaus - dleg * vwalk) / (vclaus * vwalk) * nleg * 60

Time gain

Walking speed hand truck

Driving speed with Claus

Amount of legs per shift

4 kmph

6 kmph

20

100 m

200 m

400 m

800 m

1200 m

10 min

20 min

40 min

80 min

120 min

Distance vs. time gain

Input variables

Distance / leg Time / day
To evaluate whether the time gain is significant and 
whether the assumptions on input variables are 
correct, a pilot study should be conducted. A rough 
proposal for a pilot study is done in the chapter 
Validation - Discussion | Recommendations - 
Pilot study

If the example calculation resembles reality, the 
gained time is significant. As delivery workers 
are under high time pressures and as they are 
required to deliver one package every two minutes, 
a 40 minutes time gain per day results in  12 more 
seconds per package or 20 more packages per 
shift.

Conclusion
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Materialization

The main structural element of Claus is the 
base frame. The base frame is a steel deep 
drawn blend that provides structural integrity 
thanks to its geometry. Among other reasons, 
sheet metal forming was chosen as the most 
appropriate production technique thanks to the 
high level of automation that can be achieved (See 
Actualization - Manufacturing). 

The remainder of the components can 
theoretically be made and fastened with various 
methods. Since the aim of this concept is to prove 
and test the functionalities and added value of the 
overall concept, no extensive production analysis 
will be done for the components. However, some 
manufacturing recommendations are done in 
this visual as a starting point for production 
analysis. Local production and reducing manual 
labour is taken into  consideration in these 
recommendations.

The housing for the electronics will consist of 
injection moulded plastic components. Injection 
moulding is chosen due to the geometric 
complexity of the parts. Furthermore, plastic is 
lightweight while providing sufficient protection 
for the electronics. The E-kit cover must provide 
sufficient structural integrity to hold the weight of 
the delivery worker. This is why the cover will be 
produced of steel similarly to the base frame.

Thermoformed plastic

Deep drawn steel

Sourced components

Fenders

Base frame

Wheels and rims

Base frame

E-kit embodiment
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Folded sheet steel

Steel tube

Deep drawn steel

Glass filled injection moulded 
plastic

Aluminium bend tube

Injection moulded plastic

Sourced part

Injection moulded plastic 

Brackets

Coupling tube

E-kit cover

Handle holders and feet

Handle tube

E-kit embodiment

Transaxle motor

Coupling cover

Sourced part (bicycle industry)

Tail light
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Handlebars

Fenders

Fasteners

The handlebars consist of several components, 
namely the brackets that attach to the base 
frame, the handlebars themselves and the feet 
for  storing the drive train module in its upright 
position. The brackets can be made from glass 
filled injection moulded plastics. The addition of 
glass fibres ensures more strength that is desired 
in plastic parts that bear loads. This is relevant for 
the handlebar brackets since they transfer loads  
from the handlebar to the base frame.

The handlebars themselves do not have a complex 
shape since they consists of a single curved tube. 
This offers the opportunity to simply bend a 
aluminium tube to the specified geometry.

The design relies on several sub-assemblies that 
can be assembled independently from the base 
frame. This architecture allows for flexibility in 
product development and it allows for parallel 
assembly within the assembly line.

The first sub-assembly is the e-kit sub-assembly. 
This assembly consists of the e-kit embodiment, 
the transaxle motor, the main electronics, the tail 
light and the battery connections. Optionally, the 
wheels can be assembled to this sub-assembly as 
well. 

The second sub-assembly is the coupling 
sub-assembly. This assembly consist of the 
couple tube, the couple cover and the residual 
components such as the safety release and lock.

The third sub-assembly are the handlebars. The 
front and rear handle brackets and the feet can 
be assembled to the main handlebars prior to 
assembly to the base frame. 

The only function of the fenders is to protect the 
driver from dirt and water while driving. This 
means that the fenders do not bear a significant 
load. Thanks to this, the geometry of the fenders 
does not have to be very complex apart from 
the fact that they need ribs and curved surfaces 
to provide some stiffness. The relatively simple 
geometry allows for vacuum forming as a 
production technique.

The current design relies a lot on mechanical 
fasteners such as bolts and metal screws. Bolts 
and nuts however are difficult and expensive to 
automatically assemble. It is recommended that 
the fasteners will be revised in the future for 
optimizing the assembly line. An alternative that 
is worth exploring is to integrate form closures 
such as snap fingers into the injection moulded 
parts for faster and more affordable assembly to 
the base frame.

Assembly

E-kit assembly

Coupling assembly

Handlebar assembly
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In the table below several appropriate production 
techniques were identified for manufacturing 
the frame. These production techniques were 
selected from the prior research into production 
techniques. (See Appendix C) The frame is by 
far the most important component since it is the 
basis for every other component and since it is the 
main structural element of Claus. The selection 
of the production technique should take several 
factors into account. Namely, the amount of 
assembly that is required, the form freedom and 
the investment and material costs. By plotting the 
identified production techniques against these 
factors an overview was made to select the most 
appropriate technique. 

Stamping was chosen as an appropriate 
production technique thanks to its application in 
the automotive industry and thanks to the high 
levels of automation that can be achieved. 

As described in Appendix C, the automotive 
industry deploys stamping for producing body 
panels. Almost every body-in-white for production 
automobiles is made from stamped sheet metal. 
Also, as almost every automobile production plant 
houses their own body shop, sheet metal stamping 
is a wide-spread and highly automated production 
technique. A potential drawback of sheet metal 
stamping is that it involves high investment 
costs due to complex dies and expensive tooling. 
Therefore, it should be noted that the production 
volume should be high in order to deploy stamping 
in a cost efficient manner. 

Manufacturing
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Look & Feel

Several collages were made in order to choose a 
direction for the product. Based on these collages 
several initial sketches were made together with 
the team of DNAMX and with Stefan Akkerman. 
These exploration are presented in Appendix M.

The chosen direction for the look & feel was 
the ‘Powertool’ direction. Powertools have a 
very distinct form language that communicates 
robustness and strength.

These characteristics of powertools matches 
the core values of Claus. Due to their strict time 

schedules, delivery workers do not have the time 
to delicately handle their tools. This is why the 
robustness of the design is an important aspect; 
the users should have the feeling that they do not 
damage Claus when quickly loading and unloading 
it from the van. 

The muscular look of powertools matches Claus 
since it can convince the user that the product 
is a reliable helping tool for moving cargo and 
therefore alleviating the user from physically 
daunting tasks.

Muscular - Strength Robust

POWERTOOL

Stimulating
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Big grippy handles

Embossed grip surface
Tight rounded corners 

for ‘muscular’ look

Functional pattern to 
provide strength

Big, robust tires

Roll cage style handles
 communicate robustness

The image below displays how the elements of the 
powertool form language are translated into the 
design of Claus. The ‘muscular’ rounded corners 
are integrated into the design of the frame. 

The ruggedness is integrated by implementing roll 
cage style handle bars similar to the handlebars of 
the construction radio in the collage. Furthermore, 
the fat tires give Claus a rugged, fool-proof look.
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Colour ways

The colours of the product have been evaluated 
by making a series of renders that showcase 
the aesthetic characteristics of the design in 
combination with the colours. Also, the original 
look & feel collage was consulted in order to 
make an informed decision to match the original 
idea of look & feel.

Lemon Howl was considered the most appropriate 
colour in relation to the powertool look & feel. 
Yellow in combination with black is a frequently 
used colour palette for powertools thanks to the 
high contrast and high visibility which can create a 
stimulating appearance.
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Nifty NeptuneMidnite Mayhem Lemon Howl

The colours can also be customized to specific 
customers to match their brand image and the 
other vehicles of the customers delivery fleet. The 
image below displays an example of this.
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The purpose of this chapter is to elaborate on 
each individual sub-system of Claus that is not 
discussed in the prior chapters. Each sub-system 
that is discussed in this chapter is pointed out on 

the image below. Every sub-chapter discusses 
one sub-system. Both the design criteria and the 
current specifications are pointed out in each sub-
chapter to shed light on the motivation for specific 
choices.

Package

Coupling point

Dashboard

Motor and transmission

Lighting

Storage

Dimensions

Wheels

Hand truck

Batteries

Electronics

15
 c

m

Dashboard

Motor,

transmissionBattery

60 cm

30 cm

Residual Electronics

Coupling point

20 cm10 cm

1200 mm

1000 mm

11
00

 m
m

Ø25cm

9 
cm

54
 c

m

15
0 

cm

40º

19
cm

50
cm

Ø38cm

Balancing 
point
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m
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Motor,
transmission

Battery

60 cm

30 cm

Residual Electronics

Coupling point

20 cm

10 cm

1200 mm

1000 mm
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00
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m

Ø25cm

9 
cm

54
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m

15
0 

cm

40º

19
cm

50
cm

Ø38cm

Balancing 
point

Current dimension specifications

The figures below displays the overall dimensions 
of the vehicle and the rough positioning of other 
components. 

The green area is the area in which the frame is 
located. The dimensions of the green area are 
defined by both the ergonomic research (Validation 
- User tests - Ergonomics) in combination 
with experimental prototyping (Appendix I). At 
the front of the frame the area becomes more 
narrow. This is because the hand truck requires 
some space to steer. The exact dimensions of the 
narrow front area are defined to acquire a turning 

circle of three meters (R=150cm, see upper right 
schematic.)

The positioning of the motor is defined by the axis 
of the rear wheels. In addition, it is required that 
the centre of mass is positioned as far backwards 
as possible for a stable storage position. This is 
also the reason that the batteries and electronics 
are positioned as far back as possible as well. 
Storage characteristics and the motivation for the 
positioning of the centre of mass are elaborated 
on in a separate sub-chapter. (Actualization - 
Package - Storage)

Dimensions

Turning circle of three meters.

Similar volume to a conventional hand 
truck.

•

•

Dimension criteria

Centre of mass moved as far backwards as 
possible for storage characteristics.

Dimensions conform to ergonomic test.

•

•
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Current electronics specifications

The electronics are divided into two main sections; 
the electronics that are integrated in the drive 
train module (in-board) and the electronics that 
are integrated in the dashboard. The in-board 
electronics house the main processor since the 
frame of the drive train module can offer good 
physical protection and because the e-kit sub-
assembly is located on the frame as well.

The dashboard houses the drive controls and 
a front light. The front light is integrated in 
the dashboard to obtain a higher position that 
is situated above the cargo instead of being 
obstructed by the cargo. 

The specifications of the motor and battery are 
elaborated on in later chapters.

Electronics

Central processor
Power management

Motor controller

Battery status 
indicator

Rear light
Break light

Front light

Dashboard In-board

Speed control

Brake

Batteries

24-48 V

!10 Ah

Transaxle motor

DC 24-48 V

250-300 W

Good physical protection from weather, dirt 
and impact.

•

Electronics criteria

One central processor processes everything 
from the user input to the motor power and 
the battery status.

•
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DC Motor - Transaxle sub-assembly

DC 24 V

300 Watt

•

•

•

Current motor specifications

The transaxle motor was chosen since it can 
power both rear wheels with a single motor. In 
addition, a transaxle is both an electric motor and 
a differential mechanism combined. This means 
that it can be bought as a single sub-assembly.

The transaxle motor is also used for other mobility 
purposes such as mobility scooters and therefore 
proves itself as an efficient motor for transporting  
persons.

The top speeds of mobility scooters typically range 
from 6kmph to 30kmph. As Claus is required to 
have a top speed of 6kmph, a transaxle motor that 
is used in low-speed mobility scooters has been 
taken as a starting point. Therefore, the motor 
should have a continuous power rating of around 
300 Watts. The voltage of these motors typically 
range from 24 Volts to 48 Volts. As a 24 Volt 
motor was used in the technical prototype this 
is currently the voltage rating of choice. Higher 
voltages might work more efficient, but this is a 
topic for future research.

The specific motor that is displayed in the images 
below is not necessarily the chosen transaxle 
motor. However, it does represent the general 
direction for the motor.

The motor has enough power to propel 
Claus up to 6km/h including driver and 
cargo.

It should be possible to power the motor 
with a li-ion battery

•

•

Motor criteria
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Li-ion battery for optimal capacity, 
weight ratio.

NOTE: The exact battery specifications 
depend on a number of variables. At the 
end of this chapter a guide for selecting 
batteries is provided.

The battery can easily be reached and  
swapped by the user.

The battery is able to provide enough 
power for a full work shift.

The battery is located close to the rear 
of the drive train module for better 
weight distribution (See: Actualization - 
Package - Storage)

•

•

•

Current battery specifications

Battery criteria
Battery

•

•

The battery specifications are relatively complex 
as multiple aspects should be considered and 
balanced against each other. For example, the 
battery should not be to heavy since the user has 
to constantly tilt Claus in and out of the van, but on 
the other hand the battery should have sufficient 
capacity to assist the delivery workers for the 
duration of their shifts. Since the battery specifics 
rely on yet unknown variables such as the travel 
distance of Claus during a shift and on the motor 
voltage, a final decision on the battery specifics 
have not yet been made. However, this chapter 
also provides a guide to compose the appropriate 
battery specifications that correspond to a specific 
use-case. Also an example battery is presented 
based on a 24V motor and a total travel distance 
of 8km.

As mentioned in the previous chapter, the battery 
should be balanced with the motor in terms of 
voltage and discharge current. 
The voltage magnitude of the motor has effect 
on its efficiency. This also goes for the voltage 
magnitude of the battery. For a maximum 
efficiency over both the battery and the motor, the 
optimum voltage has to be found. However, since 
efficiency optimization is beyond the scope of this 
project, this is a topic for future research.

Finally, as many e-bikes operate on a 300W 
motor, e-bike batteries can be a good candidate 
for powering the transaxle motor. This offers the 
opportunity to buy the batteries as sub-assemblies 
from bicycle OEM’s instead of designing and 
producing the battery from scratch.
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Claus’ frame has two openings which can be used  
to store electronics and batteries in a protected 
casing that is flush with the deck. The rear 
opening is used for the batteries to ensure that 
a low centre of gravity can be established when 
Claus is stored in a vertical position. The front 
opening has the exact same geometry as the rear 
opening and therefore it can be used for a battery 

extension pack (See ‘Validation - Discussion | 
Recommendations’).

Either one big battery pack can be used opposed 
to multiple smaller ones. The benefit of multiple 
smaller battery packs is that consumers are able 
to configure the batteries to their specific use-
case, by increasing or decreasing the capacity and 
therefore also the total weight and the range.

This Claus houses tw
o 

exam
ple batteries from

 
the follow

ing page 
connected in parallel for 
m

ore capacity.

This Claus has a single 
e-bike battery that can 
easily be sw

apped. 
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Cbat = (dleg * nleg / vcon) * Idis

Idis = Pmotor / Umotor

The continuous discharge current is the current 
at which the motor can safely operate for longer 
periods without overheating. This number is 
incorporated in the power rating of the motor. To 

This battery selection guide helps to select 
a suitable battery based on a variety of input 
variables. As some of the variables are not yet 
known, such as the desired range of Claus, this 
guide is currently used to explore the ballpark of 

acquire the continuous discharge current (Idis) 
the power rating (Pmotor) of the motor should be 
divided by the motor voltage (Umotor).

possible batteries on basis of assumed variables. 
An example battery was calculated for this 
purpose. This example is displayed on the right 
page. In the future, when more variables are 
known, this guide can be used for a final selection. 

To give an indication of the required capacity of 
the motor (Cbat), the duration of the motor usage 
is multiplied by the continuous discharge current. 
The duration depends on the distance travelled 
(dleg; distance of one leg - nleg; amount of legs 

per work shift) and the speed at which Claus 
drives.
It is assumed that the user drives at full speed 
(vcon, 6kmph) during which the motor operates at 
the continuous discharge current. 

The layout of the battery pack depends on the 
voltage which the battery pack should provide 
and on the required battery capacity. The battery 
pack voltage (Upack) should be equal to the rated 
voltage of the motor (Umotor). 
Most Li-ion batteries are built from standard cells. 
To acquire the battery pack voltage, a certain 
amount of these cells need to be connected in 
series (nserial). To acquire the required capacity, 
a certain amount of cells need to be connected 
in parallel (nparallel). By dividing the required 

capacity of the battery by the individual cell 
capacity (Ccell), the amount of cells that need 
to be connected in parallel is found. With every 
additional parallel group of cells, the battery 
pack’s maximum discharge current (Ipack) 
raises with the maximum discharge current of an 
individual cell (Icell).

The weight of the pack (mpack) is calculated 
by multiplying the total amount of cells by the 
individual cell mass (mcell).

nserial (number of cells in serial configuration) =  Upack / Ucell

nparallel (number of cells in parallel configuration) = Cbat / Ccell

Ipack = nparallel * Icell

mpack = nserial * nparallel * mcell

Battery capacity

Continuous discharge current

Battery layout

BATTERY SELECTION GUIDE
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Motor voltage : 24 V

Motor power : 250 W

Top speed : 6kmph

Leg distance : 400 m

Leg amount : 20

Battery pack capacity

Cell configuration

Cell amount

Battery pack max discharge current

Battery pack weight

14 Ah

6 serial 6 parallel

36

60 A

1,6 Kg

•

•

•

•

•

•

•

•

•

•

Battery pack example

Input variables + (Samsung ICR 18650-26FM cells)

Output

The grey dots in the 
background represent 
individual battery cells. 
Together they display 
the dim

ensions of the 
exam

ple battery to scale.
Voltage : 3,7 V

Capacity : 2600 mAh

Max. discharge current : 10 A

Weight : 43,8 g

Width, Height : 18 mm, 65 mm

Samsung ICR 18650-26FM - Typical cell

•

•

•

•

•
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The dashboard is connected to the drive 
train module by an electric cord.

The dashboard can be connected to the 
cargo module quickly and easily.

The speed can be controlled in a logical 
manner on the dashboard.

The braking can be controlled in logical 
manner on the dashboard

The dashboard has an integrated front 
light that is projected forwards.

Claus’ frame should have a receptor for 
the dashboard if its not in use. 

Dashboard criteria

•

•

•

•

•

•

Dashboard

The dashboard is a separate device that is 
connected to the drive train module through 
an electric wire. It allows the user to control 
the speed of the vehicle. Other options such as 
wireless controls via Bluetooth can be explored 
in future research, but are out of scope for the 
moment. 

A connection mechanism should be integrated 
in the dashboard to quickly and easily connect 
the dashboard to the cargo module. This topic is 
covered in the future recommendations.

Braking is done through dynamic braking on the 
electric motor. The motivation for dynamic braking 
is that the infrastructure for dynamic braking 
is already present and it reduces the amount of 
components compared to mechanical braking.

This im
age displays a sim

ple 
dashboard that has a push button for 
speed control. A

t the m
om

ent this is 
the current state of the dashboard. 
In the recom

m
endation chapter the 

further developm
ent of the dashboard 

is discussed. 

Connection through an electric wire.

Speed control and braking is done 
through push buttons on the dashboard.

A quick connection allows quick 
assembly on the hand truck as well as 
on the frame.

•

•

•

Current dashboard specifications
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The coupling point allows for three 
degrees of freedom. (Roll, Pitch, Yaw)

The coupling point should allow for 
quick attachment of the drive train 
module to the cargo module.

To release the module the user has 
to use a safety release prior to de-
attaching the module.

Coupling point criteria

•

•

•

Coupling point

The coupling point between Claus and the hand 
truck should allow for three degrees of freedom 
for the user to be able to steer and tilt the hand 
truck. (See image on the next page)

When the hand truck is both tilted backwards and 
simultaneously steering to either the left or right, 
it rotates both over the X-axis as well as over the 
Z-axis. 
If the horizontal Y-axis were to be fixed, Claus 
would roll in the same direction as the hand 
truck. The direction of this tilting effect in the 
drive train module is opposite to the desirable tilt 
while driving.  This is why an additional degree of 
freedom is desirable in the Y-axis.

Ball joint - 3 DOF.

Ball on hand truck, cup on Claus.

Quick release and quick attach

•

•

•

Current coupling point specifications
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To allow the three degrees of freedom between 
Claus and the hand truck, a ball joint is the most 
appropriate and simple solution. A ball joint allows 
rotation in three different axes. A ball joint also 
ensures connection to a single point which makes 
quick release and quick attach functionalities 
easier to implement. 

The connection of the ball to the hand truck 
and the quick release mechanism are not yet 
detailed. This is a topic for further research. (See 
‘Validation - Discussion | Recommendations’)

Ball joint

x
y

z

Tilting the cargo module backwards and forwards

Allowing the cargo module to roll in the opposite 
direction to the drive train module

Allowing the cargo module to steer left and right

X

Y

Z
X - pitch

Y - roll

Z - yaw



  •   62
- A

ctualization -
19 A

ugust 2022

The ball joint connector consists of a ball and a 
cup. The cup fits on the ball and can slide over the 
surface of the ball in three degrees of freedom. 
Claus embodies the cup and the hand truck 
embodies the ball. The choice for this configuration 
is based on the configuration of ball joints in other 
vehicles such as caravans and trailers. In these 
vehicles the ball joint is always attached to the car 
(front) while the cup is always connected to the 
trailer (rear). 
On the other hand, in Claus’ case the rear unit 
(Claus) is pushing the front unit (hand truck), where 
in the trailer case, the front unit (car) is pulling 
the rear unit (trailer). Nevertheless, the prototype 
testing pointed out that this configuration works 
without any problems. However, if the coupling 
point will be designed to a higher level, this 
principle can be reconsidered if necessary.

Y - roll

This is how
 the trailer 

hitch currently is 
connected to the hand 
truck on the technical 
prototype 

This render show
s how

 the 
ball joint m

echanism
 can be 

integrated in the coupling 
point. A

 quick release 
m

echanism
 should still be 

developed.

Ball

Cup

Cup and Ball
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The front light (white) should be 
projected forwards and it should not 
be obstructed by cargo on the cargo 
module.

The rear light (red) should be projected 
backwards.

The lights should be powered by the  
batteries.

Lighting criteria

•

•

•

Lighting

The choice was made to integrate the front light 
into the dashboard in order to prevent the front 
light from being obstructed by cargo on the 
cargo module. Sub-chapters ‘Dashboard’ and 
‘Electronics’ also discuss this matter.

The rear light is an off the shelve component. The 
current light originates from the bicycle industry. 
The Spanninga Aerflow 2.0 V-light is displayed in 
the image below and it is also integrated in the 
aesthetic prototype.

Rear light: Spanninga Aerflow 2.0 V light

Lights connected to the electronics 
circuit

•

•

Current lighting specifications

Spanninga Aerflow 2.0 V-light
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The drive train module should have 
inflatable rubber tires for a comfortable 
ride.

The wheels including tires should have 
a diameter of approximately 33 cm for a 
comfortable ride and rugged look.

Wheels criteria

•

•

Wheels

The diameter of the wheels is defined by a trade-
off between the comfort for the driver, look & feel 
and the effect it has on the height of the frame. A 
diameter that is too big results in a frame that is 
positioned higher from the ground which in turn 
results in a higher standing position which can 
cause ergonomic problems in relation to the hand 
truck. Too small wheels however can result in 
worse drive characteristics and a look & feel that 
does not match the intended appearance. 

The current wheel diameter of 30 - 40 cm is 
defined through experimental prototyping and 
look & feel explorations. (See Appendix I)

30 - 40 cm diameter

Inflatable tires

•

•

Current wheels specifications
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Hand truck

Handles

Back support

Additional functions

The objective of Claus is that it can connect to 
multiple types of hand trucks. However, due to 
time limitations it is not feasible to test any hand 
truck that is on the market. Prototyping and 
testing was done with a basic hand truck with 
air tires and double handles. The overview on 
this page elaborates on the parameters that are 
involved in hand trucks that are currently on the 

market. This overview acts as an exploration into 
different types of hand trucks that can put the 
testing of prototypes with the hand truck that was 
used in the user tests into perspective. 
This sub-chapter does not present criteria and 
specifications since the hand truck itself is not 
considered a part of the design scope.

Double handles

Air tires

Single horizontal bar

Solid plastic tires

Protruding mid tube

Triple stair wheels

Wheels

Full rack

Foldable

Horizontal bars

Slide rails
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The storage volume and characteristics of Claus 
are essential since delivery drivers should be able 
to store it a fully packed delivery van and they 
should be able to quickly load and unload it.

The handles on the rear of Claus serve multiple 
functions. First of the handles can be used to lift 
Claus easily and comfortably. Secondly, two ‘feet’ 
at the rear of the handles act as support points 
that can be used to store Claus in an upright 
position. In its upright position Claus requires a 
minimum amount of floor space which comes in 
handy when storing it in a delivery van. Moreover, 
in its upright position Claus takes up roughly the 
same volume as a delivery van.

Storage

Claus should have a low centre of mass 
in its upright position to guarantee a 
stable standing position.

Claus should be stored in a similar way 
to the hand truck because this is what 
delivery workers are familiar with and 
because it is a proven concept.

Storage criteria

•

•

Centre of mass is ±30cm above the 
ground in Claus’ upright position.

•

Current storage specifications
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The composition of the cost price depends largely 
on the production volume of the product. This cost 
price estimation relies on several scenarios which 
encompass various production volumes. 

Some of the components can be sourced and 
therefore do not require additional tooling and 
development. The transaxle motor for instance 
can be bought as a complete assembly. The price 
for the transaxle motor is set at 30 Euros. 

As was concluded in the ‘Batteries’ sub-chapter, 
batteries come in low-end and high-end varieties. 
The pricing difference between those two is 
significant and therefore the additional price of the 
batteries is calculated separately. The production 
price of the high-end and low-end batteries is 
calculated by determining the consumer price 
of two 8Ah batteries and consequently reverse 
calculating the production price by subtracting the 
margins that were used in the price calculation 
for Claus itself.

The estimated costs for the sheet metal material 
of the base frame is 15 Euros, labour and 
maintenance costs of the deep drawing equipment  
is estimated on 15 Euros. In total, that makes 30 
Euros for the frame.

For the remainder of the product specific 
components 2 Euros per component was set as a 
price for material and labour.

The table on the next page displays the price 
range of Claus on basis of a couple parameters. 
The first parameter is the production volume and 
the second parameter is the costs of the batteries. 

In the Netherlands alone 991.000 delivery vehicles 
are registered (Centraal Bureau voor de Statistiek, 
2022). This includes vehicles for construction, 
industry and rental. Extrapolating this number 
for the European continent on basis of population 
numbers gives us 42 million delivery vehicles in 
Europe alone. 
If 1% of this market is reached, grossly 400.000 
units can be sold. This production volume is 
considered the best case scenario. A quarter of 
this number is considered worst case scenario.

By far the most expensive tooling is the tooling 
for the deep drawn frame. This is due to multiple 
progressive dies that should be made from high 
strength steel. The estimated costs for the tooling 
is set at 2 million Euros. This number is informed 
by DNAMX.

Tooling for injection moulded tooling is estimated 
at 20.000 Euros per mould. The glass fibre tooling 
is estimated slightly higher because of increased 
wear in the die due to the glass fibres.

Tooling for less complex production techniques  
such as tube bending and vacuum forming are 
estimated at 15.000 Euros.

Production volumes

Tooling costs

Table

Sourcing and material costs

Cost Price Estimation
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Material and labour costs per component.
The sum of all component costs is given in the last 
row.

The total cost for all tooling is translated into 
tooling costs per unit on basis of the production 
volume.

The amortization costs are added to the base total. 
The margins for production, retail, transport, etc. 
are added to this number. The three columns take 
the different production volumes into account.

The last row displays the total consumer price 
without batteries per production volume.

The margins for the batteries are set at the same 
as the margins for Claus itself. The consumer 
price of the batteries per battery type is displayed 
in the last row.

This table shows the consumer price per 
production volume in combination with the price 
per battery type. In the lower left corner the most 
expensive scenario is represented (€ 629,-). In the 
upper right corner the most affordable scenario is 
represented (€ 405,-).
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Price Benchmark

A benchmark was done with electric hand trucks 
and other small LEV’s to assess how Claus 
performs in the market.

Since Claus is a new product category, it is 
not possible to compare Claus with direct 
competitors. Therefore two benchmarks are 
done. One benchmark explores electrified hand 
trucks, the second benchmark explores LEV’s 
that are currently popular on the market. 

In the image below a selection of electrified hand 
trucks is made. At the very right a conventional 
non-electric hand truck is added for comparison 
purposes. The selection clearly shows that 
electrified hand trucks that are currently on the 
market either are focussed on heavy duty use-
cases or that they operate in a niche such as house 
moving. In addition, the electric hand trucks have 
a high price range, ranging from around 1200,- to 
7000,- Euros.

Hand trucks

6LQJOHb
PRWRU�b

Di΍erential

0RGXODUb
FDUJRb

attachments

+LWFKb
Module

6ZDSSDEOHb
nose

Foldable

+HDY\b
duty

6SHHGb
control

Lifting

Stairs

Winch

Magliner
€4270,-

*URHQWHFKQLHNb
Haber

€1190,-

0DJOLQHU��b
liftplus
€3448,-

Overland Carts
€2495,-

Stairmobil
€6950,-

Stanley HT524
€126,-

ShopȵRRU�RUb
GHSRW�IRU�KHDY\b

objects.

2XWGRRU�XVHb
heavy duty

'HSRW�RUb
shopȵoor

mini- forklift

ShopȵRRU�RUb
GHSRW�IRU�KHDY\b

objects.

House moving
HVSHFLDOO\�IRUb

stairs

$OO�RI�WKHb
beforementioned



  •   70
- A

ctualization -
19 A

ugust 2022

LEV’s

Range

Vo
lu

m
e

Makita BBY180
€713,-

Xiaomi Mi
€388,-

ExcelQnect
€1295,-

Stanley HT524
€126,-

0DNLWDb
Wheelbarrow

€829,-

Stint BSO bus
€10890,-

Urban Arrow
€4890,-

Elops Longtail
€2799,-

Trophy 6
€4895,-

Niu NQI
€3999,-

€499,-

The second benchmark explores other LEV’s that 
are currently on the market. Both LEV’s for utility 
purposes as well as LEV’s for personal use-cases 
are included to give a complete overview of the 
market. 

In the graph below a selection of LEV’s are 
plotted in a graph. Some of the LEV’s originate 
from the prior product benchmark (Analysis - 
Product Benchmark), others were found along 
the way during the design process. The vertical 

axis represents the cargo or people volume that 
the vehicle can transport from low to high. The 
horizontal axis represents the range for which the 
vehicles are intended from low to high.

Claus is plotted in the graph as well to indicate 
where Claus stands in the market. In comparison 
to the other LEV’s, Claus has a medium range 
and a medium cargo volume. It also can be seen 
that the price is very reasonable compared to its 
surrounding competitors.
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Stanley Quitz is manoeuvring the 
technical prototype through a narrow 
corner in Bergen op Zoom.
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Prototypes

User tests

Current status | Overview

Discussion | Recommendations

This section discusses how the current design was 
simulated and tested. Furthermore, this section 
also elaborates on aspects of Claus that are not yet 
validated. The ‘Discussion | Recommendations’ 
chapter discusses topics that need additional 
attention in order to bring Claus to the next level.

VA
LID

A
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Deviations from design

Goal

The main goal of the functional prototype is to 
test and evaluate the most vital functions of 
the concept such as the manoeuvrability and 
steering, but also technical aspects such as 
motor power and battery capacity

Less vital functions, such as the handlebars 
are not be included in the functional prototype. 
The look and feel is of less importance for the 
functionality of the concept and is therefore 
not incorporated in the technical prototype. 
However, ergonomics are of vital importance, 
thus the overall dimensions are adopted. 
However, the elevation of the deck is slightly 
higher than intended.

For the technical testing of the battery and 
motor, the prototype underwent several 
iterations. This is clearly indicated in its own 
sub-chapter. 

Other factors that differ from the design are:

The coupling point, Hebie F1 Anhangerkupplung

No fenders

Dashboard consists of a magnet with a pot-
meter.

The weight of the prototype is close to the 
intended weight of the design. The prototype 
without battery is 18 Kg. The weight of the 
design is 18,9 Kg

Functional prototype

Prototypes

Two prototypes were created that were used to 
validate the concept. A technical prototype acted 
as a means to validate the driving characteristics 
and the ergonomics. Furthermore, it was used 
to validate technical aspects such as the battery 
capacity and the drive train system. An aesthetic 
prototype was used to communicate the design to 
the stakeholders.
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Deviations from design

Goal

The most important goal of the aesthetic 
prototype is to communicate the design to 
the spectator. The prototype approaches the 
final design as close as possible to convey a 
realistic and convincing idea of the design.

The second goal of the aesthetic prototype 
is to assess aesthetic qualities and to study 
dimensional relations. Also, by placing the 
prototype in its intended use-environment it 
will represent how the final product will fit in 
the environment.

The embodiment of the electronics will consist 
of a solid piece of foam. Therefore the cover 
will not be able to open and the battery will not 
be included in this prototype.

The deep drawn frame will consist of a solid 
piece of foam. In contrast to the steel deep 
drawn frame, the foam model will not be 
hollow.

Since the aesthetic model mostly consists 
of other materials than the materials in the 
design, most fastening methods will deviate.

Other factors that differ from the design are:

- No dashboard

- No functioning coupling point

- As the prototype does not have a motor or 
batteries it is much lighter than the design.

Aesthetic prototype
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User tests
Research questions
Q1 How does Claus handle urban infrastructure 
(sidewalks, tight corners, etc.) and surrounding 
traffic (pedestrians, cyclists, automobiles, etc.)?

Q2 How tight is the turning radius in the current 
design? 

Methods
The technical prototype was taken out to the 
streets of inner city Bergen op Zoom during 
late afternoon 16:00 - 17:00. To test the general 
interaction with the surrounding traffic and the 
urban infrastructure, the technical prototype was 
driven several times up and down the street both 
over the main road and over the sidewalk through 
regular traffic. The test site consisted of a mixed 
environment with all kinds of traffic (pedestrians, 
automobiles, cyclists).

Manoeuvrability

The user tests encompasses various test to 
evaluate the performance of the current concept.

The tests range from user-tests that evaluate  the 
overall handling and decoupling to technical tests 
that aim to optimize the drive train characteristics. 

Cornering test w
ith cargo over 

a 1.5 m
eter turning radius.

1.5 m

1.5 m
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To test whether Claus’ turning circle met the 1.5m 
requirement, a turning circle of 1.5m was drawn 
with tape on the ground. Claus was manoeuvred 
over the tape to see whether it stayed within the 
lines. Tests were done both with and without 
cargo. In this test the cargo consisted of an empty 
guitar casing that was transported in an upright 
position.

Results
Thanks to Claus’ relatively low top speed (6kmph) 
and thanks to the slightly elevated standing 
position of the user, the user has a good overview 
on traffic situations. Furthermore, the turning 
circle of Claus was small enough to turn the 
vehicle around at the main road without any 
additional manoeuvres.

Claus managed to stay within the 1.5 m turning 
circle both with and without cargo. As cargo with a 
high centre of mass forces the user to tilt the hand 
truck further backwards, sharp corners force the 
users to sway the handles farther away from them. 
This can result in ergonomic problems. However, 
with the cargo that was used in the test this was 
not a problem.

Discussion
Both tests were done with only a single test 
subject. Testing with multiple test subjects with 
various body compositions would shed light on 
the ergonomics of the turning radius. Also, most 
of the long runs on the streets were performed 
without cargo. Driving with cargo for a longer 
time might point out precarious situation during 
manoeuvring the vehicle.

The radius of the turning 
circle of the prototype w

as 
under 1.5 m

eters.
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Ergonomics

956 mm

Research Questions
Q1 What is an appropriate length for the drive 
train module?

Methods  | Desk Research
The length of Claus is defined by the maximum 
distance of the users body to the wheel axis of the 
hand truck.  

If the hand truck is tilted backwards, the user 
is removed further away from the wheel axis. 
However, there is a limit to which the user 
can comfortably hold the handles of the hand 
truck. It is assumed that the users  only have a 
comfortable position when their bodies are in a 
straight standing position. As the hand truck tilts 
backwards, the handles also move downwards. 
From a certain distance from the hand trucks 
wheel axis, the users should bent to keep hold 
of the handles. This is regarded as the maximum 
distance. An additional factor that comes into 
play for finding the maximum distance is that the 
users are able to rotate their lower arms. If the 
lower arms are swung down, the users can grab 
the handles as low as possible without bending 
their bodies. Therefore, the maximum distance is 
measured with the users lower arms in a swung 
down position. The figures display the trajectory 
of the lower arm with a red line.

As this distance differs per body length, P5, P50, 
and P95 are evaluated. The shortest people are 
able to move the furthest backwards as can be 
seen in the figures. Therefore, the maximum 
distance from the wheel axis of a P5 human being 
is regarded as an appropriate length for Claus.

Results | Desk research
According to the desk research, the total 
required length of the drive train module is 95,6 
centimetres. (See figure P5)

Methods  |  Physical testing
The technical prototype was built according to 
the dimension that was found during the desk 
research. This prototype was subsequently tested 
by multiple people.

Results | Physical testing
The physical ergonomic test showed that a little 
bit more length of the drive train module was 
required than the results of the desk research 
indicated. This is probably due to the assumption 
of a comfortable stance. In reality the user does 
not hang his or her upper arms completely 
vertical next to the body. As can be seen in the 
photo below, the test subject has his upper arms 
slightly pointed forwards.
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In general, hand trucks are ergonomically 
optimized  already. In the modular setup with 
Claus, the user is elevated 10-15cm above 
the ground which results in a higher stance in 
relative to the hand truck. Especially for longer 
users this results in a sub-optimal standing 
position. In chapter Validation - Discussion | 
Recommendations, a proposal is done for an 
additional, higher steer that can be attached to 
hand trucks. 

Discussion

Stefan A
kkerm

an testing 
the ergonom

ics of the 
technical prototype
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Research questions
Q1 How long does it take to load and unload Claus 
and the hand truck in a delivery van?

Methods
For this test the test subject was asked to store the 
cargo, Claus and the hand truck in a small delivery 
van. In the beginning, Claus was assembled to the 
hand truck and five cardboard boxes were stored 
on the hand truck. This test was repeated the 
other way around to study the unloading speed. 

Results
The full disassembly including loading cargo, 
hand truck and Claus into the van took less than 
two minutes. 

Assembling and unloading everything from the 
van also took less than two minutes.

Discussion
Loading and unloading time under two minutes 
is significant since it shows that loading and 
unloading Claus does not require a lot of  additional 
time compared to loading and unloading only a 
hand truck. However, a timed run without Claus 
was not performed so the actual time difference 
is not known.

Loading and unloading

Loading parcels Loading Claus Loading hand truck
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Research questions
Q1 Is a mid-sized ball joint/trailer hitch strong 
enough for the current use case?

Q2 Does the current coupling point allow for the 
three required rotational DOF’s (pitch, yaw, roll)?

Q3 How long does it take to couple and uncouple 
Claus to a hand truck?

Methods
A Hebie F1 Anhangerkupplung was used to study 
how a mid-sized ball joint mechanism performs 
in the current prototype during use. During all the 
tests, this coupling point was used for connecting 
and steering the hand truck. The dashboard 
should also be coupled and uncoupled by the 
user when assembling Claus. In the technical 
prototype it can be connected with a magnet to the 
steel hand truck.

The duration of coupling and uncoupling was 
measured during the loading and unloading test. 

Results
During all the tests that were performed 
with the technical prototype the Hebie F1 
Anhangerkupplung did not cause any problems 
whatsoever. Also, steering and tilting the hand 
truck went smooth and as intended.

Discussion
The current ball joint connector does not 
necessarily have the same safety pin/release as 
the eventual design. However, this test does act as 
a proof of principle for the mechanism in general.

In the technical prototype the dashboard was 
connected with a magnet only. The final connection 
mechanism is yet to be designed, but will likely be 
working with a alternative mechanism.

Coupling point

Storage in van Decoupling the dashboard Uncoupling
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Research questions
Q1 Can the a low-power transaxle motor provide 
enough power to propel Claus during normal use?

Q2 How does the range corresponds to the battery 
capacities of the used batteries?

Q3 How high is the discharge current at full 
throttle continuous speed (transaxle motor)?

Q4 How does the motor responds to different 
types of batteries (See table)?

Methods
The motor that is used in the technical prototype is 
the Pihsiang M4-7uM. While its exact specifications 
could not be found, the mobility scooters in which 
it is integrated could be traced (f.e. Shoprider 
Wispa) These mobility scooters typically operated 
at 300 W continuous discharge, so it is assumed 
that this is the continuous discharge rating of the 
motor. 

To test the motor power several iterations were 
done with various batteries to find a fitting power 
supply for the motor. Also, in the first iterations 
of the prototype another motor was used, namely 
a 24V 260 W hub wheel motor that was fitted in 
between the two rear wheels.

To find the top speed of Claus the throttle was 
fully opened while the distance travelled and the 
time travelled were measured.

To find the range of Claus, the prototype was 
driven on the streets of Bergen op Zoom until the 
batteries did not provide enough power anymore 
for propelling Claus faster than walking speed.

To find the continuous discharge current, a 
multimeter was wired in series to the battery 
output. When Claus was driving at constant speed, 
the current was read from the multimeter.

Results
The test results for each iteration are provided 
in the table below on the facing page. The first 
iteration (V1) was fully functional and therefore 
a clear range is found. Further iterations were 
done with the transaxle motor. The setup with 
powertool batteries and the transaxle motor did 
not result in a useful test result.

The last iteration (V4) gave a clear indication of the 
discharge current. At continuous speed (±6kmph) 
the multimeter gave a reading around 10 Amps. 
When more power was needed it read spikes up 
to 15 Amps. 
The range of the last iteration (V4) is not yet tested.

Motor | Battery
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Discussion
The prototype houses a second hand motor and 
therefore it is not known how many hours the 
motor had already run for and whether the internal 
gearing and bearings of the motor were still up to 
standards. A motor with a lot of wear could have 
resulted in worse efficiency characteristics.

Over the course of the iterations several other 
aspects of the technical prototype were optimized 
as well such as the dashboard and the motor 
suspension. This might have resulted in an 
improvement of test results in the latest iteration.

Li-ion batteries with a low capacity typically 
have a lower max. current discharge rating as 
the individual cells are only wired in series. This 
might have been the reason that the motor did not 
get enough power in iterations V2 and V3.  Using 
batteries with a higher capacities typically consist 
of cells that are connected in parallel as well 
which result in a higher max. discharge rating. 
The setup of V2 and V3 can be repeated with 
powertool batteries with a higher capacity to test 
this hypothesis.

The continuous discharge current test indicated 
that the motor draws 10 Amps at a continuous 
speed. Therefore, the batteries should have a 
discharge rating of at least 10 Amps.

This version (V
4) of the 

technical prototype houses 
a 36 V, 8,8A

h e-bike battery

V1

V2

V3

V4

Single powertool battery (18V ; 1,5Ah | 4Ah)
Hub wheel motor (24V - 260 W)

Single powertool battery (18V ; 1,5Ah)
Transaxle motor (24V ; 250-300 W)

2x powertool battery (parallel)(18V ; 3-5,5Ah)
Transaxle motor (24V ; 250-300 W)

E-bike battery (36V step down to 24V) ; 8,8Ah
Transaxle motor (24V ; 250-300 W)

Motor - Battery configurations

V1

V2

V3

V4

1,5 Ah > ±1500 meter, top speed ±6kmph
4,0 Ah > ±5000 meter, top speed ±6kmph

1,5 Ah > ±50 meter, top speed ±6kmph (est.)

3 Ah > ±50 meter, top speed ±6kmph (est.)
5,5 Ah > ±50 meter, top speed ±6kmph (est.)

100+ meter, top speed ±6kmph (est.)
±10A cont. discharge current at full speed

Test results | range, top speed
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Current Status | Overview

This table gives an overview of the current testing 
status of Claus. For every sub-component or 
system it is pointed out which aspects still need 
additional attention and which aspects are already 
proven with the earlier presented user tests.

The first column points out the sub-system, 
component or topic.

The second column (‘Proven’) indicates what 
aspects of the sub-system are proven in the 
earlier presented user tests. The third column 
(‘To Be Proven’) indicates what aspects still need 
additional testing to move to a final design.

Finally, the fourth column (‘To Be Designed’) 
indicates what aspects of Claus are not yet 
designed. These aspects need to be designed and 
proven still.

The last two columns of this table are used to inform 
the Validation - Discussion | Recommendations 
chapter
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To get Claus to the next level, several factors still 
need to be designed and tested. In the previous 
chapter an overview is provided of what aspects 
are proven and what aspects still need to be 
validated. In this chapter recommendations are 
provided for future development of the aspects 
that still need additional attention. 

Pilot study

A delivery company will only purchase Claus if it 
makes last-mile delivery more efficient. Therefore 
it has to be tested in a real world environment 
whether delivery workers are willing to use 
Claus and whether it really offers a significant 
time advantage. This chapter presents a rough 
proposal for a small pilot study.

Discussion | Recommendations
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To test whether Claus offers a significant time 
gain, a test route with real delivery addresses can 
be set up that a test subject has to service with a 
delivery van and actual parcels. Two runs, one with 
and one without Claus should be done by the test 
subjects to compare the total time that was spend 
on delivery. To test on what threshold distance 
the delivery worker will go through the effort of 
connecting Claus to the hand truck, the run with 
Claus can be used to observe this distance.

Materials

Context

Objective

Delivery van, 10 mid-sized parcels, hand truck

Q1 What is the threshold distance of one leg at which users start to use Claus in addition to the 
hand truck?

Q2 What is the total time difference between a delivery run with and without Claus?

10 addresses in city centre with limited 
mobility access.
Between 8:00 am and 5:00 pm

Deliver all packages on their corresponding 
addresses. Test subjects can choose the route 
and the available tools however they like.

Dry run

Research Questions

Materials
Delivery van 10 mid-sized parcels, hand truck, 
Claus

Claus

Context

Objective

10 addresses in city centre with limited 
mobility access.
Between 8:00 am and 5:00 pm

Deliver all packages on their corresponding 
addresses. Test subjects can choose the route 
and the available tools however they like.
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Dashboard

Braking

The dashboard is not yet designed. The dashboard 
that is displayed in the images is an impression 
of what the dashboard can look like roughly. 
However, some functionalities such as the braking 
lever and the quick attach mechanism are not yet 
integrated into a suitable embodiment. 

In the image above a recommendation is made 
for quick attaching the dashboard to the frame 
by using a magnet and a form closure. When the 
dashboard is not in use and when Claus is not 
coupled to a hand truck, the user can quickly and 
easily store away the dashboard on the frame. 

For quickly and easily attaching the dashboard to 
the hand truck three mechanisms are proposed 
on the right.

In the current design, braking is done with a 
separate button on the dashboard that is supposed 
to electronically stall the motor in a controlled 
manner. However, this is not integrated in the 
functional prototype and therefore is not tested 
yet.

A proposal for the integration of the brake lever is 
done on the lower right of the facing page.
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An integrated clamp in the dashboard can 
be used to secure the dashboard to the hand 
trucks handles. The adjustment screw on the 
clamp makes sure that there can be variation 
in the diameter of the hand truck handle. 

This solution consists of an interface that is 
installed once on the hand truck handle by the 
user. Consequently, the interface receives the 
dashboard by using a form closure, magnet, or 
other quick attachment manner.

In this solution the dashboard is permanently 
mounted to the handles of the hand truck. 
Once the users have to attach Claus, they only 
have to plug in a cord to the dashboard.

This is an impression of a possible brake button. 
The button is clearly red to communicate 
the function. Furthermore, it resembles a 
mechanical brake also to communicate its 
function to the user.

Clamp

Interface

Cord & plug

Brake button
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Batteries

As mentioned earlier in the ‘package’ chapter, 
the battery configuration is not yet defined. This 
chapter elaborates on yet to be performed battery 
tests.

A powertool battery configuration was tested with 
the technical prototype, but no conclusive result 
was found that indicated that powering Claus with 
powertool batteries was not possible at all. More 
research can be done with powertool batteries to 
find whether it is possible or not. For example, 
the front opening of the frame can be used as an 
additional battery box to wire two extra powertool 
batteries in parallel for more capacity and a higher 
discharge current. Also, the powertool battery 
tests were conducted with two 18V 1,5Ah  Wesco 
brand batteries. The possibility exists that these 
batteries could not provide enough discharge 
current to the motor. Batteries with a higher 

discharge current might solve the encountered 
power issues.

The battery specifications guide that was 
presented in the ‘package’ chapter is purely 
theoretical and is not validated with real batteries 
and prototypes. If range tests will be performed 
with different types of batteries the specifications 
guide can be validated and calibrated accordingly.

A configuration in which multiple powertool 
batteries were wired in parallel was tested on 
the technical prototype. This setup encountered 
problems, but is was unclear whether 
these problems originated from the battery 
characteristics or whether they originated from 
the wiring setup. As other proposals also rely on 
parallel wired batteries more tests have to be 
done on battery winding to validate the parallel 
wiring setup.
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Business Model

Look & Feel User test

Tailored hand truck

The current design is focussed on compatibility 
with different brands of hand trucks. However, for 
an optimal ergonomics, either a specialized hand 
truck or extension modules for hand trucks can 
be developed. In the image on this page multiple 
suggestions are made for optimizing ergonomics 
and user experience.

Next to the retail price there has not been any 
attention to the business model of Claus. Since 
Claus is focused on delivery workers and delivery 
companies, a B2B sales strategy is probably the 
most appropriate.
Another possible scenario would be to develop a 
subscription model around Claus. In this scenario 
Claus is used by delivery companies for a monthly  
or yearly fee. Since the subscription company 
keeps ownership over Claus, the company can 
continuously gather data to improve Claus and 
also offer their customers tailored products and 
services. 

The look & feel of Claus is not yet validated with its 
intended user base. However, the look&feel might 
be an important characteristic of the product on 
which the delivery workers make the decision to 
use it or not. Therefore, an elaborate user test 
concerning look&feel should still be performed. 

FEM analysis

Production analysis

Since the structural architecture of the technical 
prototype differs from the envisioned architecture, 
there is no indication yet whether the envisioned 
production method of the frame is sufficient in 
terms of structural integrity. Therefore, a FEM 
analysis should be performed on the frame and 
on other structural elements of Claus to assess 
whether the sheet thickness, production methods 
and material choice is appropriate. Furthermore, 
these FEM analyses should be validated with 
physical prototypes.

The chosen production methods are not yet 
validated.

The designs of the various components are 
based on ergonomics, look & feel and general 
functionality. However, these designs are 
not yet validated in terms of manufacturing. 
The current form of the frame for example is 
constructed with general knowledge about the 
production technique, but is not yet validated by a 
manufacturer.
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Rules and regulations for LEV’s differ per country 
and is a grey area regarding vehicles that do not 
directly fall into a specific vehicle category. In the 
last decade there has been an enormous increase 
in LEV’s and therefore the rules and regulations 
are lagging behind. For the development of Claus 
Dutch and European regulations were consulted, 
but they were not studied in detail nor practiced 
in detail. For further development of Claus, 
these regulations should be studied in greater 
detail. Some relevant rules and regulations are 
presented in this chapter.

European law has regulation for Quadricycles 
(Regulation (EU) No 168/2013) However , these 
regulations do not apply to quadricyles with no 
seat. The Dutch government did a proposal for 
future regulation, since in the Netherlands LEV 
regulations are still non-existent as well. LEV 
regulations are likely being introduced in 2023 in 
the Netherlands. In the figure below a proposition 
is presented for these regulations.(Infrastructure 
and Water Management, 2021).
In this project these regulation proposals are 
taken as starting point for some criteria. Based 
on the current concept Claus is likely to fall into 
‘Categorie 1b’ (Category 1b).

Regulations and rules

D
utch proposal for rules 

and regulations on LE
V

’s
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The general mechanism and workings of 
the coupling point are described in chapter 
Actualization - Package - Coupling point. Aspects 
like the safety release and the ball joint connection 
of the coupling point are still underdeveloped and 
should be explored in future research.

The consumer should be able to adapt a hand 
truck for connection with Claus by permanently 
or semi-permanently attaching a ball joint to the 
central wheel axis. Since hand trucks slightly 
differ in dimensions across brands, this ball 
joint should account for different axis diameters. 
Furthermore, a connection should be established 
that prevents the ball connector to rotate over the 
axis when there is force applied to it.

The prototypes proved a ball joint connection as 
displayed to the right to be an efficient manner 
of connection. In all the prototypes the cup was 
attached to Claus while the ball was attached to 
the hand truck. Since this has been a very decent 
connection during all the tests, no additional tests 
were done with a configuration in which the ball 
was attached to Claus and the cup to the hand 
truck. Tests can still be done to assess whether 
this alternative configuration works as well.

Electronics

The electronics can be optimized for better driving 
characteristics and overall better user experience. 
For example, the latest version of the technical 
prototype accelerates and decelerates at very 
fast which results in uncomfortable driving. This 
can be solved by either using more appropriate 
hardware such as a better throttle or it can be 
solved by software that controls the motor power.
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Product Family

As the hand truck was the initial seed for the 
ideation of Claus, this report always presents Claus 
in combination with the hand truck. In retrospect, 
as Claus does not have any features that are hard-
wired to the hand truck, Claus might act as a drive 
train module for other products as well. In the 
image below, some proposals are done  for other 
products that can connect to Claus. Some of these 
proposals might be a bit farfetched, but the main 
goal of the visual is to explore the possibilities of 
Claus as an all-round drive train module.

On the right page some proposals are done to 
extend the product family of Claus by producing 
other types of power modules. A step is proposed 
for light-duty work or for the consumer market, 
while a scooter-like module is proposed for 
business purposes and for longer distances.

Ideally, the power modules can be mixed and 
matched with the several types of cargo modules 
for a wide range of possibilities.
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Drive train

Step

Comfort scooter

This is the module that is presented in this 
report. It has an electric drive train and a deck 
which the user stands on.

This is a visualization for a passive module. It 
functions as a kick scooter and therefore does 
not have electronics. 

This is a visualization for a more comfortable 
electrically assisted module. The user has a 
seat and footrests. This might be beneficial for 
longer distances. 
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Aesthetic prototype 
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