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Cargo Space Design for Sustainable, Urban Transport of Cold Goods
ALEXANDER MATTSSON & AMELIE NORDH
Department of Industrial and Materials Science
Chalmers University of Technology

Abstract
The intention of the project was to design a storage solution for the cargo space
part of the electric vehicle called Re:Volt that is under development by Clean Mo-
tion, to facilitate its use for the transport of groceries as part of last mile deliveries
in an urban environment. Part of this was to determine the most suitable cooling
technology and solution for the vehicle’s cargo space.

Research was carried out of what operations within the current industry of last mile
delivery of groceries looked like, to understand how different-sized vehicles were used
to deliver different-sized orders to consumers within varying time spans. People with
responsibility for operations within E-commerce of groceries at relevant companies
operating within the industry were contacted and interviewed to understand their
current operations and needs. The research concluded that Re:Volt, with some
respective adjustments, could fit well for both quick commerce applications with de-
livery times of within an hour and planned deliveries with delivery times exceeding
one hour.

Dometic Frigo DC2500 was the cooling solution chosen to offer an air temperature of
2–4°C in the cargo space of Re:Volt, supported by 30 mm thick polyurethane foam
insulation panels to line the walls of the space. The final solution mainly consisted
of a rollabe shelf unit that could be loaded with goods both outside and inside the
cargo space of Re:Volt. It was named Re:Load, with a capacity of 36 standard paper
bags for groceries intended to be stored at 2–4°C. Of the 36 bags, up to 16 of them
could be replaced with a maximum of four insulated freezer boxes each containing a
PCM block, which consequently allowed the storage of up to 12 smaller paper bags
at a temperature of -18°C to -21°C. The final offering was a shelf storage solution
that could be implemented into current operations of last mile delivery, that enabled
a good interaction for the intended user with the goods in the cargo space regarding
physical- and cognitive ergonomics.

The design of the cargo space of Re:Volt and the shelf solution Re:Load were deemed
suitable to be used for either quick commerce or planned delivery applications. It
could also result in the potential to shape and establish a new market segment for
the food delivery industry where the gap between operations of quick commerce and
planned deliveries would decrease. Alternatively, the vehicle could operate within
the two areas of quick commerce and planned deliveries simultaneously.

Keywords: electric delivery vehicle, adjustable storage solution, refrigerated delivery
vehicle, product development, last mile delivery, quick commerce, planned delivery
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Definitions

Below are the definitions of some industry specific words and concepts.

Quick Commerce Quick on-demand delivery, where the the order tends
to be smaller and delivered within an hour of the order
being placed.

Planned Delivery Deliveries of 10+ orders that are scheduled to be deliv-
ered with the same vehicle on a pre-determined route,
with a delivery time exceeding one hour.

Unbroken Cold Chain The use of low temperature controlled areas throughout
all steps of the supply chain to ensure product quality.

Micro Distribution Center Centrally placed, smaller logistics center, generally used
to redistribute cargo from one larger delivery vehicle into
several smaller delivery vehicles.
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1
Introduction

The introduction chapter describes the background, goal and aim of the project,
along the companies in question. It also explains objectives to reach the goal, and
lastly demarcations that describe areas that were left out from the project.

1.1 Background

The company Clean Motion was developing a three wheeled electric vehicle meant
to go into production during late 2022. This vehicle was throughout this project
called Re:Volt, being equipped with an electric powertrain and a solar panel that
could support the internal battery. A use case for this vehicle was that it could be
used as a part of a vehicle �eet for cargo transport within cities, covering the so
called `last mile delivery' in urban environments.

A collaborative e�ort was made with Clean Motion and another company named
Dometic, that develops and produces cooling technology and o�-the-shelf products,
to develop a solution suitable for sustainable, urban transport of cold goods such as
groceries. The development of such a solution had the potential of improving the
working environment for couriers, by contributing to a better working situation in
comparison to current solutions seen in the industry of last mile delivery of groceries,
in regards to physical- and cognitive ergonomics. It could also bene�t the end
customers by ensuring a high product quality of groceries, and �nally companies
that could have potential interests in such a solution, by selling it as a package deal
that would not require custom con�guration.

1.1.1 The Company Clean Motion

Clean Motion was founded in 2010 in the Gothenburg area, keeping the focus over the
years of providing sustainable vehicles for urban areas, keeping energy and resource
e�ciency as central elements. The �rst vehicle put into production by Clean Motion
is called Zbee. This vehicle has since been developed into a few versions, o�ering
both person and cargo transport for shorter distances. Re:Volt is the second vehicle
being developed by Clean Motion to be put into production, estimated to the end
of 2022 (Clean Motion, n.d.-a).
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1.1.2 The Vehicle Re:Volt

Re:Volt, a three-wheeled electric vehicle was developed intended to be used for last
mile delivery, see Figure 1.1. The development of Re:Volt was in its �nal stages
of development during the �rst half of 2022, set to start commercial pilots at the
end of 2022. With the aim to be energy e�cient, sustainable and light weight. The
initially targeted market was seen to be Europe, aiming to covering a global market
with time.

The vehicle was mainly planned to be registered as a moped with a capped speed of
45 km/h. In its most basic version, Re:Volt was estimated to weigh around 250�300
kg, with an cargo capacity of2:5 m3 at the initial phase of this project. The total
vehicle weight when being fully loaded was estimated to be 700 kg (Clean Motion,
n.d.-b), and the largest battery capacity o�ered was set to 10 kWh. With the vehicle
being fully loaded up to the total weight of 700 kg, the vehicle was estimated to
have a power consumption of 68 Wh per km. Depending on the charging solution,
the charging time was estimated to be between 2�8 hours (W. Collings, personal
communication, 2022).

Figure 1.1: The design of Re:Volt at the start of this project, from Clean Motion
(2022).

Technical details such as exact measurements of the vehicle were not set in the begin-
ning of the project, but got more de�ned as the project went on. Therefore, solutions
and concepts ware adapted to updated dimensions at several times throughout the
project.
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1.2 Expectations from Clients

According to William Collings, director of electric vehicle technology at Clean Mo-
tion, it was expected of the project to deliver some sort of solution covering the cargo
space of the vehicle Re:Volt, being optimized when it comes to its usability, weight,
cost, size, and insulation e�ectiveness and would work in theory. Meaning, the result
did not have to consist of a physical or digital model. Dometic's current e�ort into
development regarding mobile deliveries motivated them to see their involvement as
a way to gain new insights for potential implementations for their products.

1.3 Aim and Goal

The aim was to work together with Clean Motion with support from Dometic to
design a suitable variant of the cargo space of Re:Volt. The goal was to enable a
sustainable, user friendly, adjustable and e�cient alternative for last mile delivery,
as part of urban transportation of groceries covering dry, refrigerated and frozen
goods, using the electric vehicle Re:Volt. A part of this aim was also to strive
towards utilizing already existing solutions as part of the design when suitable and
possible.

1.4 Objectives

ˆ Create an user friendly interaction with regards to the physical- and cognitive
ergonomics of the user, with the cargo space and the storage solution within
it as well as goods part of it.

ˆ Minimize thermal energy loss of the cargo space.
ˆ The cooling solution should be compatible with the energy carrying solutions

currently being available in Re:Volt.
ˆ The focus should be on home delivery of groceries in an urban environment,

using the vehicle Re:Volt.
ˆ Minimize the weight of the cooling solution and storage walls, without com-

promising strength and energy e�ciency.
ˆ E�ectively optimize the order capacity of the cargo space volume, without

compromising ergonomics and user friendliness of the solution.
ˆ Minimize the production cost of the �nal solution.
ˆ The physical design of the cargo space should be able to adapt to di�erent

customers' requirements, e.g., climate factors such as temperature zones as
well as size of goods.

1.5 Demarcations

ˆ Large batch deliveries to stores and from stores were not addressed.
ˆ The cooling of other products than groceries was not considered.
ˆ Handling of hot food was not considered.
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ˆ Standardized material for insulation will be utilized, commonly used in the
refrigeration industry.

ˆ The area outside of the cargo space in Re:Volt, such as the drivers cabin, was
not factored in.

ˆ The project only considered the physical design of the �nal solution.
ˆ The �nal solution did not have to propose any type of physical nor digital

solution that aided last mile delivery companies in where to place orders while
loading, and no ways to verify those same orders while unloading.

ˆ Individuals that ordered groceries were not taken into consideration. Focus
was on the customer, referring to the companies responsible for the delivery
as well as the users, referring to the personnel interacting with the cold goods
throughout the delivery process.

ˆ Active cooling systems covering products- and technology from other compa-
nies than Dometic were not factored into this project.

ˆ Actors within the last mile delivery industry that were located outside of
Sweden were not taken into consideration.
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2
Theory

The theory chapter describes di�erent rules and regulations regarding how food can
and should be stored during transportation, some issues that can surface with home
delivery of food as well as di�erent cooling techniques and insulation.

2.1 Rules and Regulations related to Tempera-
ture for Transport in the Food Industry

This section was mainly based on a literature study of a document published by the
Swedish Food Retailers Federation as well as additional documentation from the
Swedish Food Agency and the Swedish Food Federation. According to the president
and vice president of this Council for Cold-and Frozen Chain in Sweden (see section
4.1.1), the legislation and regulations for vehicles that are smaller than light duty
trucks is lacking regarding transport of cold goods. With this as a basis, the decision
was made to adhere to rules and regulations targeting light- and heavy duty trucks
in areas related to the transportation of groceries covering dry, refrigerated and
frozen products.

2.1.1 Pre-packed, Refrigerated Groceries

Refrigerated groceries is food to be stored in a temperature below room tempera-
ture. (Swedish Food Retailers Federation, 2021, p. 71).

The cold chain is not allowed to be broken, according to Regulation (EC) No
852/2004 of the European Parliament of the Council of 29 April 2004 on the hygiene
of groceries. In addition to this, the temperature stated on the packaging has to be
maintained. If the storage temperature of a product is below room temperature, it
is required by law to be stated clearly on the packaging of the product (Söderqvist,
2016).

2.1.2 Industry Guidelines: Handling, Storage and Trans-
port of Cold and Frozen Groceries

Swedish Food Retailers Federation (2021) is a collection of industry guidelines, based
on regulations and common practice in regards to temperature control during stor-
age and transport of cold and frozen groceries in Sweden. Targeting the �ow of goods
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from the producer to the store/restaurant/E-commerce consumer within Sweden.

An overarching regulation in relation to the temperature of handling, storage and
transport of cold and frozen groceries is that it should ensure any health risk is
avoided. Additionally, consider minimizing the risk of an a�ected product quality
food waste as well as environmental and economical factors (Swedish Food Retailers
Federation, 2021).

The main areas of consideration related to this are the temperature requirements
for di�erent groups of products, the usage of a temperature reserve and variables
a�ecting the cold retention such as a co-storage and similar as well as regulations
around air circulation and temperature measuring. Air humidity is not considered
for this more temporary storing of groceries, such as during transport or related
handling. (Swedish Food Retailers Federation, 2021).

2.1.3 Temperature Requirements of Food Product Groups

The general rule is that the temperature requirements of the product should be
clearly marked on the packaging, and satisfactorily followed throughout the trans-
port stages (Söderqvist, 2016).

Another commonly adapted practice by the industry responsible for the handling,
storage and transport of cold as well as frozen groceries is to utilize a temperature
reserve. In practice, this results in an aim of keeping the product temperature 2°C
below the temperature set regulated by law for refrigerated products and 2°C�7 °C
below the temperature set regulated by law for frozen products. This is seen as
necessary in order to keep product temperature within an acceptable range, while
enabling some temporary storage and handling outside of temperature-regulated ar-
eas (Swedish Food Retailers Federation, 2021, p. 13)

Deep frozen food

The de�nition of quick frozen products, also called deep frozen products, are prod-
ucts being rapidly frozen to a temperature of -18°C or below. This does not include
ice-cream products (Söderqvist, 2016, p. 106). Deep frozen products together with
ice-cream products are also commonly referred to as frozen products.

Deep frozen food is never to exceed the temperature of -18°C (Swedish Food Retail-
ers Federation, 2021, p. 14). It is seen as acceptable that deep frozen food, except
for ice-cream products, might have a temporary increase of product temperature to
a maximum of -15°C during for example transport. Ice-cream products are expected
to always hold a product temperature of a maximum of -18°C (Swedish Food Re-
tailers Federation, 2021, p. 26).

Products of animal origin
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The handling and temperature of cooled products of animal origin is more strictly
regulated, related to the food safety of the product (Swedish Food Retailers Federa-
tion, 2021, p. 14). For minced meat, the maximum temperature of the product is set
to 2°C. The air temperature can temporarily, for example during shorter transports,
be up to 4°C (Swedish Food Retailers Federation, 2021, p. 27).

Vegetables

Many fruit and vegetables should be stored at low temperatures ranging from
0°C�12°C in order to slow down their metabolic and transpiration (water loss from
produce) rates (Gast, 1986). Gast (1986) states that transpiration rates can be
slowed down by having a high humidity relative to the produce's water content, low
air velocity and low temperatures. It is also mentioned that it is impossible to make
a single recommendation of how to store all fruits and vegetables, but a general rule
for cool-season crops and vegetables is 0°C�1,7°C, and 7,2°C�12°C for warm season
crops. There are also fruits and vegetables that have an optimal storage temperature
above 12°C, and a mix of 18 di�erent ones were mentioned in the article by Gast
(1986). Moreover, 16 out of 16 commonly grown fruits had an optimum storage
temperature of about 0°C, and 44 of 68 common vegetables also had an optimum
storage temperature of 0°C. The remaining 24 di�erent vegetables had ranging op-
timum storage temperatures from 0°C�21°C. Freezing injury can occur in in both
fruits and vegetables, but some can handle it better than others. Some produce can
get damaged after a single time being frozen, whilst others can be frozen and thawed
repeatedly (Gast, 1986). An important note is that the article described optimum
conditions and temperatures for storing fruits and vegetables the longest possible
duration. It did not mention how produce would be a�ected during shorter time
frames of e.g. 1�3 hours, which is relevant in this project, see section 4.1.3.3.

Swedish Food Retailers Federation (2021, p. 68) describe the topic in a similar man-
ner. They state that most produce can be sensitive to variations in temperature and
drafts, and that it can be categorized into warm vegetables/fruits (>8°C) and cold
vegetables/fruits (<8°C) (Swedish Food Retailers Federation, 2021, p. 68). There
are no detailed regulations of temperature in relation to fruits and vegetables, other
than the general rule of never compromising the food safety or quality of some prod-
uct. It is seen as acceptable to store vegetables, being more sensitive, together with
other products for a short period of time during transport (Swedish Food Retailers
Federation, 2021, p. 26).

2.1.4 Regulations Related to Temperature Measuring and
Storage of Data During Transport

All cargo spaces used for transport of food are de�ned as food business establish-
ments, and are thus required to ful�ll all requirements of one (Swedish Food Retailers
Federation, 2021, p. 44). The main points of this are that the space is to be insu-
lated, being designed to minimize thermal energy loss, equipped with a refrigeration
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unit and an air circulation unit to keep a stable product temperature as well as mea-
suring equipment to continuously measure the air temperature of the cargo space
(Swedish Food Retailers Federation, 2021, p. 45). This data of measurements of air
temperature during transport is to be stored and accessible at request for at least
12 months (Swedish Food Retailers Federation, 2021, p. 15). Permanently installed
measuring devices for air temperature in the cargo space is recommended to be
equipped with an alarm to �ag for deviations in the air temperature (Swedish Food
Retailers Federation, 2021, p. 44).

The carrier is responsible for the air temperature of the cargo space of the vehicle
used for transport of cold groceries (Swedish Food Retailers Federation, 2021, p. 40).

2.2 Rules and Regulations Related to Work En-
vironment

This section was mainly based on a literature study of work law and regulation
regarding manual handling from The Swedish Work Environment Authority (2020).
The main areas of concern connected to this is seen as heavy lifts, carrying heavier
loads, pushing and dragging of objects. An additional area covered is time pressure
as an in�uencing factor. The general guideline is that manual labour should be
limited when possible (The Swedish Work Environment Authority, 2020).

2.2.1 Ergonomics for the Prevention of Musculoskeletal Dis-
orders

Swedish regulations on the area of ergonomics for the prevention of musculoskeletal
disorders are gathered in the code of statute AFS 2012:2 (The Swedish Work Envi-
ronment Authority, 2019). Several parts are bringing attention to relevant factors
to consider as risks that could result in injuries related to manual handling. Some
of them are identi�ed as especially relevant to pay attention to in the project.

Properties of the load
One factor seen as a risk for injury is if the placement of the load is requiring the
load being handled while being at a distance from the body of the individual a�ected
(The Swedish Work Environment Authority, 2019). It is seen as unsuitable to han-
dle loads over 15 kg in these instances (The Swedish Work Environment Authority,
2020). Another aspect to pay attention to is if the load is being ungainly to handle
or more di�cult to get a good grip of (The Swedish Work Environment Authority,
2019).

Physical exertion
It can be seen as a risk for injury if the physical exertion of manually handling the
load is overly strenuous (The Swedish Work Environment Authority, 2020). In ad-
dition, manual lifts of loads weighting over 25kg should generally not occur. Lastly,
another risk factor for injury is if the physical exertion is performed through twisting
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the torso (The Swedish Work Environment Authority, 2019).

Work environment design
The design of the work environment can pose a risk for injury if it hinders the indi-
vidual to handle the load in a safe working height or in a suitable working position
(The Swedish Work Environment Authority, 2019).

Organisational requirements
The main factor here to consider as a risk for injury is raised as carrying the load
longer distances (The Swedish Work Environment Authority, 2019).

2.2.2 Time Pressure as an In�uencing Factor

Time pressure is seen as a risk for injuries when manually handling a load, based on
the increased tension in the body and some risk for negligence (The Swedish Work
Environment Authority, 2020).

2.3 Cooling

The following section explains how di�erent active and passive cooling systems work,
along with insulation. It also illuminates two di�erent existing cooling solutions from
Dometic.

2.3.1 Broad Concepts of Cooling a Space

This section describes some technical background to cooling a space, as well as in-
troducing some cooling alternatives.

2.3.1.1 Cooling Capacity vs Passive and Active Thermal Energy Loss

Cooling capacity is seen as a cooling system's ability to remove heat from a space,
with watts (W) used as the unit of measurement (Cooling Power, 2018).

The expert interview on cooling systems, see section 4.1.6.3, introduces two parts of
thermal energy loss, being either passive or active. Passive thermal energy loss is the
energy lost through insulation and seals of the cooled space. Active thermal energy
loss is the energy loss through for example opening doors to the cargo space, resulting
in cooled air being replaced by warmer air. To ensure a stable cooling system, the
cooling capacity needs to cover the sum of the passive and active thermal energy
loss from the cooled area.

2.3.1.2 Passive vs Active Cooling

Di�erent methods can be used in order to cool a space. These methods can be
divided into passive and active cooling techniques (Intersam, 2021). Passive cooling
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