d. New product and services

In order to explain the new system and the new product involves, the team decided to use a basic list of
wh’ questions, to answer all the details of them.

What is?

The Micro Delivery System (MDS) is a new kind of business for Combigroep Carrosserieé in order to
extend its potential market following the regulations and trends about transportation and logistics in
the European Union. It is a new perspective for Combigroep Carrosserieé to work with (and in) different
business like night delivery services, e-shopping or integrated deliveries.

The basic idea is to divide the big box on the top of the truck in Micro Delivery Modules to increase the
efficiency and effectiveness of the distribution of goods in cities, decreasing the amount of kilometers
per route. The Micro Delivery Modules can be detachable to be loaded in the Delivery Centers
(business) and to be unloaded and (or) used in the different contexts (users, which could be business or
consumer)



Components of the system (for the case study — e-grocery):

gcombie

The g-combi is a platform with g-modules, the platform has a system with winches, locking mechanism
and rails.

gmodule

The g-modules are containers with empty space to organize different kind of goods. For the case study
this container has a system of panels that provide room for the g-boxes with a locker system, a card
reader (to activate the lock system) and a podium with wheels. The g-module works as a dispenser of g-
boxes in the P+R.

gbox

The g-box is a plastic box to carry groceries (35cm x 35cm x 50cm) to deliver goods in P+R. It is only for
the case study.



Where?

The project can be applicable in Dutch cities during the first step (short term), then in European cities
(medium and large term). For more explanation the reader can go to the section Marketing strategy.

When?

The team divided the strategy in three different terms, in order to achieve the goal to penetrate the
market. The goal for the short term is apply the concept in a study case (e.g. Albert) in Netherlands, for
the medium term the ideal situation is increase the effect of the project to other possible clients
including other products (e.g. Amazon, UPS, etc). in the end the system should be incorporated as a

integral logistic system.
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Who?

Go to the stakeholder analysis.

Why?

Go to the Sustainability and innovation chapter.
How?

Go to the Business structure.
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Cost Structure + price (project cost and product cost)

The direct costs based on the materials used for the product are as following;
Truck bed € 1396,15

Module € 391,85

With these numbers the total costs and the price were calculated for an entire package consisting of one
truck bed with four modules;

direct costs €2963,60
indirect costs 20%
logistics and transportation 3%
labour costs 1440
total costs €5103,00
price (25% utility) €6378,70
price (35% utility) € 6889,00

price (45% utility) €7399,30



e. Marketing strategy

For the marketing strategy the team incorporates three steps to implement the product and penetrate
the market. In the next graphic is possible check the strategy in the three terms.

Short term Medium term Long term
Product R&D of the system Application of the system Full implementation
in a case study
Price Tentative price: Increments according o Economy of scale and increase
€6300 - € 7400 the case study. utility.
Place The Netherlands Europe Extended Europe (EU)
Promotion B2B B2B & B2C B2B & B2C
Launch for the case Marketing to find other Integral logistic system
study: e-groceries (RAl) actors (stakeholders)
First contact with Extend the concept to
stakeholders (RAI) other e-shopping cases

First advertising campaign
to extend the concept in
the final users mind

Expected Risk The potential marketis Copies from competitor Extensive use of the product,
not ready for the the competition will be based
change on price and services

Be the pioneer is
expensive and has a
high risk




Sustainability and Innovation

f. g-Combi and Cradle to Cradle

The concept product presented in this report is based in radical innovation. Along the last semester the
team intended to provide Combigroep a “refreshing” view over the national transportation system. The
delivery services were elected to be the main focus on a project that involves both: innovation and
sustainability.

g-Combi was designed within a Design for Disassembly approach (DfDA), integrating a new concept of
goods transportation service, based on a case study. So a new business is suggested on which service
and product, together, aim at the sustainable best environmental performance within a user-centred
approach in which both merge with he final user’s routine.

New logistics and product requirements are presented, focusing on the DfDA so that the company
benefits of a premiere position on the Europe’s governmental initiatives for the environment.

In what concerns the Cradle to Cradle (C2C) principles some topics should be cleared out, as they are a
significant influence on the choices made for the design of g-Combi.

- Design for Disassembly and standardization: The parts separation is a very important process in the
sense of simplifying and reducing the time on manufacturing and disassembly processes, and thus
facilitating the optimal disposal of different components.

- Priority given to materials: Regarding the C2C focus on re-use of materials, either for the bio-sphere
(recycling) or the techno-sphere (re-use), the optimization of material use is very important. This means
that the less material diversity the easier and more beneficial the recycling becomes.

- A Take-Back system should be considered by the company if the C2C is to be followed by rule. The
control of the disposal of products brings not only environment gain but also economic profit. The
recycling plants are to be taken as stakeholders and the re-use of material from products in the end-of-
life can be optimized through the design.

g. Life Cycle Analysis

The goal of the Life Cycle Analysis is to be able to balance the designed system in the most efficient way,
in terms of environmental gain, costs and product requirements.

The normal analysis process suffered some changes derived from the concept development and the
team’s planning. It wasn’t done in the beginning of the process but rather as an evaluation tool.

With the help of the data bases: CES2008 (Cambridge Engineering Selector) and IdeMat2003; and some
literature research it was possible to document a deep reflection on the choice of materials, processes
and disposal solutions. After that, the tool: Eco-Indicator 99, Manual for Designers; provided the input
for an analysis of the Combi G and respective comparison with Combi 3000 in terms of environmental
benefits.

For the fact that this is a very complex product there were several limitations in terms of specific
information and calculations. Since a profound and comprehensive force analysis would be too
prolonged and out of the team’s scope of action, estimations were frequently done to achieve
conclusions - either by comparison of similar cases or by rough dimensioning of parts.

The most important message the LCA aims at is the disclosure of which issues are more attention
demanding in the truck carroceries and what exactly are the problems that should concern the
implementation of a new product.



In order to justify the construction choices and the material selection, the system was divided in three
parts that make it clear for the most important considerations on the 1% phase of the concept
engineering:

First the load/unload system was discussed following a specific criteria.

Then, the truck bed that includes two different structure profiles, a locking system for the modules and
as extra components: a winch, a conveyor roller and a ramp.

Second, the module, repeated four times, that includes side and back panels, a door, the roof and the
floor panels, two different structure profile types and finally four wheels.

The following sub-topics document the considerations taken by the team throughout the development
of the concept. No extended calculations are presented since it is very complex and time consuming to
make it reliable. Force analysis calculations are more appropriate to do, in this case, on an engineering
phase related to the prototype, by experienced professionals from the field. The decision making was
done over estimations and assumptions, supported by the deep research on materials and production
technologies. Simple graphics are punctually shown in order to visualize the force analysis taken in
account. Next a list of options and reflection on materials and processes is summarized (with frequent
referencing to the respective appendixes), followed by an objective comparison on environmental
impact between the complete new concept and the model Combi3000.

h. System division

Dimensions
The principle of this concept is based on the

division of the Combi3000 total volume in
different modules, differing for the possible

applications and user interfaces - amongst others:
Diverse e-commerce at P+R sites or night delivery.

In order to present this flexible solution the
volume was divided in four equal sections,
destined to the e-groceries business of a specific
case study.

The functional dimensions of each module are:

1890 width, 1080 length, 2200 height; from which
the volume is 4,45m3 with an estimated empty
weight of 700Kg.




Load and Unload function

The design of the g-Combi implies the incorporation of a feature to comply with the load/unload

function. The solutions were evaluated on the following criteria:

Load/Unload system evaluation

Criteria

Winch

Fork lift_

Environment
The envornmental impact of the possible solutions is
evaluated on four different parameters:

Kilometers: Implied distance made by the truck
to execute the delivery;

Materials: Different properties of the
mechanisms include raw materials and weigth
to be taken in account for mobility and reciclability;

Energy: Working principle relation with the
usage and respective energy consumption;

Assembly/Disassembly: On the perspective of
C2C, the production of these systems must
consider an easy coupling and de-coupling of
the different parts;

Company
Combigroep has a decisive position on this choice. Their
interest is divided in three aspects:

Components: The number of parts involved affect
the complexity of construction on each system;

Supplier chain: The curent chain of stakeholders.
must be considered so that the structure of
relationshios is maintained.

Costs:
System: Overall cost

R&D: Specific investment on product
engineering to take onfo production;

Time
Dwration of the unload and load task;

Driver
The consideration for this user, which has the most physical
contact with the product, takes in account the following
factors:

Effort: Demanded physical human strain;

Easiness: Simplicity of manouvering process;

Traiming: Need for special skills;

System
Flexibility: Versatility of the system in different
proposes;

Integration: Cohesion of the system, in terms of
aesthetics and functionality;




The system: Truck bed and Module

Component Appendix Function/requisites ‘ Material
Truck 1.1
bed
Transversal profile Stiffness, Fatigue strength Aluminium
Lateral structure Tensile strength Aluminium
Coatings Anti-corrosion, recyclability | Zinc-Al.
Locking system Tensile strength Galvanized Steel
Extra 1.2
Winch Capacity, weight, cost | ===---e----
Roll Easy disassembly | semeemeeeee
Ramp Light and capacity Aluminium
Joints No Chromium Galvanized
forged steel
Module 1.3
Side and back panels Tensile strength, weight PVC
Roof Self-supporting, translucent | PVC
Floor Tensile strength, weight Bamstrand
Door Easy disassemble, same | PVC and

material as panels

galvanized hinges
+ latch

Panel finishing Recyclability Bio-adhesive
Profiles Stiffness, weight Aluminium
Wheels Capacity, easy disassembly | -------------

There were two moments of this evaluation where more doubts came up. One was related to the
comparison between aluminium and steel. The other was related to the definition of the side and back
panels of the module.

Concerning the first, there is apparently no formula to solve this question. Nowadays several actors of
the automotive industry try to implement aluminium as the solution for light weight vehicles that
consume less energy. On the case of Combigroep this question isn’t so relevant because the categories
to which Combi2000 and Combi3000 belong are not weight restricted. However, due to the difference
of densities, these materials have a considerable impact on the weight of the vehicle, and this affects,
not only the fuel consumption, but the functioning of the system itself.

The understanding of the issues that are most influential on the system was provided, on a later stage
than the concept design, with the Eco-points analysis. A clear relation exists between the weight of the
materials, their load capacities and the conditions involved in their production and recycling. While
aluminium represents the best light weight solution, it has its cost associated. Whereas steel provides
the required behaviour on heavy loads, aluminium might not correspond with enough strength and
durability. The amount of a certain material is reflected on the proportions, positive or negative, of the
correspondent points and this might not always be adequate to consider. So after some discussion the
team agreed on choosing for an integral frame (truck bed) of aluminium.

Aluminium profiles can be produce with enriched properties, in several shapes that are favourable for
DfD. The use of the same materials (for the frame profiles) will also not originate accelerated corrosion
problems, which could affect its durability and quality perception. The control of its disposal is the most
important matter to attend. The first extraction (of primary aluminium) should not be disregarded and
thus, control and take back material are convenient opportunities that aluminium offers.

(see Appendix: Product description, Truck bed, Transversal profiles)



The second dilemma was related with the choice of material for the module’s panels, between PVC and
aluminium. PVC has been very badly recognized amongst other plastics, but in fact, all the information
found drove the team to accept it as the most reasonable choice (between polymers) because of its
price and mechanical properties.

(see Appendix: Product description, Module components, Panels, side and back)

The fact is that, when compared with aluminium sheets, which are heavier and more expensive, the
environmental impact is revealed to be higher. Once again this represents a constrain to the decision.
The fact that g-Combi has different functions than common delivery trucks, implies a consideration of
new factors. Appearance and weather resistance seemed to be significative features and with it coatings
and textures need to be taken in account. Also comparable examples were investigated such as
containers for military or waste disposal use.

As a result of the research some options were chosen as potential solutions:

- PVC compressed moulded sheets jointed with aluminium profiles;

- Aluminium compressed moulded sheets joints with aluminium profiles;

- Vacuum moulded aluminium sheets that are modular and dispense the vertical and top profiles.

- Rotomoulded one-piece container in PVC;

From these choices the latter two, which had the strongest innovative character, were set aside due to
the priority given (after a meeting with the company) to the adaptability of the proposed concept and
the Combi3000.

The choice was left to be made accordingly to the eco-points analysis’ results that revealed, as they did
previously for the steel-aluminium case, the necessity for equilibrium between weight and
environmental impact. So after some struggle with numbers, PVC was the final choice for the light
weight property, the aesthetics and weather resistance, and the larger scope of moulding shapes (that
should replace the aluminium rail inserts inside). For this advantages, and considering the discussion in
the appendix 1, Product description, Trasversal profiles, Final choice; aluminium was considered an
inferior choice.

Comparison between Combi’s analysis

The table used for the comparison of the new concept, g-Combi, and the Combi3000 can be seen in the
appendix Materials, Eco-points analysis.

The Combi3000 was used as reference because it’s the latest developed model. This comparison was
possible thanks to the virtual model made, from where the weights of each component were consulted
and the information available on the website of the Combigroep. These values helped the team to
understand the most influential components of the system in terms of environmental impact. In fact,
the eco-points analysis demonstrated, first of all, that the comparison is not entirely efficient, being
both products of such different character. But above all it made clear the necessity of re-thinking the
structure of g-Combi’s module for a weight and material recycling optimization. It was concluded that
the designed structure of the module — projected for easy disassembly and modularity — was not the
most efficient in terms of material optimization and weight reduction. The suggestion presented used
no profiles but modular panels that are attached to each other on plane surfaces as well as corners. For
the development of this last proposal a whole new project should be planned. Finally, and on what
Combi3000 and the eventual merging of concepts concerns, opportunities of improvement in disposal
control and material choice can also be seen by the choices presented on the g-model and the three
different scenarios.



Conclusions and recommendations

- The study here presented summarizes a very consistent learning process and should be used as
guidelines for further contact with specialists.

- Several factors influence the environmental behaviour of a certain component. The eco-points should
be used as a reference table to keep in mind that for each material’s composition there alternatives with
better or worse influence on manufacturing or recycling processes.

- A proper LCA should take long to do. Every component should be evaluated in terms of its function and
requirements so that a well-reasoned choice can lead to significant environment gain.

- The use of less materials’ diversity improves the disassembly process, disposal conditions and adds
value to the environmental gain resumed in the eco-points study — for what it should be seen as a
priority.

- In order to meet the C2C principles or more environmental initiatives the Combigroep is advised to
consider a take-back system from which the control of materials’ disposal is made easier.

- Considering the suggestion made in the chapter Business structure: Stakeholders Analysis, a new
partnership, on which the Combigroep is responsible for the platform design and construction, it is
important to take in account in the final design, the flexibility needed for different vehicle models.

- A virtual test to the designed structures should be performed in order to prove their capacity and
shape requirements.

- The prototype was considered an inefficient tool for this phase of the project since this concept is
complex and involves several other studies beforehand. Besides, it wouldn’t be possible to test the
working principle of the modules since the proposed modular profiles be time and cost consuming to
produce. It was considered that virtual tools replace efficiently this experiment.

- A test plan of the case study — interaction and public adherence - was replaced by a structured
business plan that documents the motivations and guidelines for further investigation. A more personal
approach to potential clients is required in order to get insights on the concept’s potential.

- The LCA/Eco-points exercises gave a considerable input on the project. It was the choice of the team
that it should be done, not for conceptualizing but for evaluation. For the next project phase this should
be done initially in order to have the materials and respective disposal planned beforehand, avoiding
later contradictions and unexpected problems.



Conclusions

Product Design

The product is divided into conceptual & business
technical level

It was decided not to develop the entire concept into detail because it would not be possible within the
given time frame. Developing the loading and unloading of the modules was considered to be most
interesting for Combigroep. The company was also interested in further development of the modular
construction of the containers that was one of the concepts from the concept phase.

We focused on construction; Designing it to be easy to assemble and disassemble
Making it possible to separate and recycle all materials that are used

Choosing the materials that have the best eco values, being either
recyclable, renewable, biodegradable, etc

Use; loading and unloading of modules

The truck should be able to drop of a g-module and pick one up within the same trip. For this scenario
loading the modules from the side is most effective. After considering a crane, a forklift and winches,
the best solution was to use remote controlled winches combined with a deplacable ramp. The ramp is
kept underneath the truckbed. The modules are kept in place with a manual locking system, that locks
the four modules separately. Roll conveyers are attached at the right side of the carrosserie to roll the
modules over the edge.

(Detailed explanation of locking system and winches system can be found in the appendix)

One truckdriver should be able to operate the entire system. In order for him to unload one module he
has to place the ramp in front of the module, release the locking system, take the remote control of the



winch in the hand, pull the module in the direction of the ramp and guide it down with the help of the
winch.

To load a module, the force of the winch can be used to pull it up. The winch pulls the module furthest
to the left so it is in the right place to be locked with the locking system.

Sustainability

Design for disassembly

In order to be able to recycle the materials they must be easy to separate from each other. After
studying the current products of Combigroep we realized that Combigroep does not have any
responsibility for the product after they’ve delivered it to the customer. While building the carrosserie
they do not consider its end of life at all. For this reason most parts are glued or welded together and it
would be very difficult to recapture these materials for recycling.

In order to improve the recyclability, the focus of our product lies on

design for disassembly. This is done by finding alternatives for
definite connections like using adhesives or welding.

Adhesives and screws have been replaced by physical connections;
The upper profiles of the module are designed in a way that they
can be shoved into each other before they are connected by nuts
and bolts. The grooves in these profiles hold the panels in place
without using extra forms of connections.

The roof panel is corrugated to make itself supportive. There is no

extra structure necessary anymore to support the roof N— N—7

Material choice

Materials that preserve their quality after recycling are preferred. Both steel and aluminium can in
principle be recycled infinitely without degrading under the condition that alloys are being separated
and no toxic coatings are added. So for the construction of the frame steel and aluminum were used,
dependent on the other requirements

Materials need to be used that do not need a harmful coatings to give it the right properties. PVC was
chosen over aluminium as the most appropriate material for the panels because aluminium has to be
coated before it can withstand the outdoor environment. Because there was no good solution for
coating it in an ecofriendly way, PVC turned out to be the better choice.

Energy efficiency

The system itself focuses on energy efficiency by reducing the amount of kilometers that need to be
driven to deliver all packages. Within the product the only measurement to attain energy efficiency was
to keep it lightweight by using aluminium instead of steel in all possible cases.



Efficiency & Effectiveness

Design for assembly

The efficiency of the assembly of the body work was
improved with several different means;

To improve the assembly line a modular construction can
be beneficial. Within the new design the amount of
different parts has been reduced drastically. The module
contains three different types of profiles. The truck bed also contains three
types of profiles. The different types are shown within the pictures in
different colors. The profiles can be cut to size so the system is just as
customizable as the combi3000 .

The physical connections between parts, that were explained earlier,
decreased the amount of drilling a screwing that has to be done.

Both the truck bed and the module contain profiles with integrated
grooves, in which bolts can be placed. This construction makes it
unnecessary to drill holes before connecting the nuts and bolts.

Innovation

In this chapter the technical product development is discussed. In this context it is more suitable to use
the conventional definition of innovation being; the introduction of a new good, which could also
include a new method of production.

The method of production of the module is innovative because it is much more modular than current
body works. The amount of different parts has decreased while maintaining customizability.

The loading and unloading system is innovative because loading from the side has not yet been
introduced in existing products within the market. Also the use of a ramp and winches is a solution that
has not yet been used before. However user research with a working prototype has to be done before it
can be stated whether or not this is a good innovation.

Business Strategy and Orientation

Being as an initiator of this new business model gives opportunity for Combiegroup to be a pioneer in
the implementation of sustainable transportation and logistic system in European Union

Be the first in the market always gives advantage to create first the market share, and therefore grow
faster than the follower competitor when this business category will reach its maturity cycle

This new business model will ad new product- services portfolio for Combigroep that means the
company continuously extend its market potential

The alternative business partnership model within stakeholders also gives flexibility for Combigroep to
form other non-exclusive business relationship with other potential e-grocers to expand their business
in the future



Branding Strategy

In term of brand strategy, the implementation of this new system gives an excellent impact for
Combigroep Carrosserieé to be recognized as

An innovative company, that the company is always being one step ahead of its competitor in term of
business and technology innovation and always adapt with trends and changes, and creatively finding
solutions for a better, sustainable transportation / logistic distribution system

Sustainable brand : Green / Environmentally-aware company, that company can be recognized
through its product and services that consistently support sustainable transportation / logistic
distribution system and policies, and recognizable as the company that continuously lowering
environmental load / impacts through their innovative products

Sustainability

Acording to our analysis, the product requires more construction compared to standard regular Combi,
it means the product actually is not lightweight. But fuel efficiency can be achieved from the
implementation of the micro delivery system

Material recyclability, the product is using materials those are well recyclable: Steel Aluminum and does
not use toxic adhesives and coatings

From Life Cycle Analysis, we can conclude the using of recycled aluminum and PVC will increase its eco-
indicator.

Design for Disassembly: the materials used for the products can be separated to be recycled after use.
Definite connections are replaced with detachable ones, and do not use adhesive nuts and bolts. The
design is reducing the amount of different materials to make it easier for recycling logistics in the end of
life of the product.

System Vision

The table below shows the aspects of the marketing strategy over three different terms.

Short term Medium term Long term
Place The Netherlands Europe Extended Europe (EU)
Promotion B2B B2B & B2C B2B & B2C
Launch for the case Marketing to find other Integral logistic system
study: e-groceries (RAI) actors (stakeholders)
First contact with Extend the concept to
stakeholders (RAI) other e-shopping cases

First advertising campaign
to extend the concept in
the final users mind

Expected Risk The potential marketis Copies from competitor Extensive use of the product,
not ready for the the competition will be based
change on price and services

Be the pioneer is
expensive and has a
high risk



Innovation

The system is innovative as it makes use of current trends in the European Union (increase of online
shopping and Civitas programme) to develop a new service that reaches its purpose of easy personalized
delivery, without exerting extra pressure on the road infrastructure and without breaking the
customer’s current routine.

The fact that the modules are detachable, also represent an increase in efficiency as while some
modules are being filled up, the truck can be on the road delivering other modules.

Sustainability

The system is seen as an improvement of sustainability on many fronts. Due to the fact that the modules
are detachable and they become a direct channel for the recollection of recycling material, the delivery
trucks never ride empty since the modules are always full (either with groceries or recycling material),
and because they only have to make a specific route every time and making a delivery for a large
amount of people in a single place, they spend less time on the road than if they were making door to
door deliveries.

The fact that goods are delivered to the Park and Rides, also means that private cars will not be used by
the users to drive to the supermarket, meaning of course, less emissions from their part. This, combined
with the having the trucks deliver the goods outside of the rush hours means a more optimal use of the
road infrastructure and less congestion.
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The graphic shows a timeline of the actions that we recommend Combigroep to take after our final
meeting. The timeline is divided into a business strategy line and a product development line.

In the first year Combigroep should focus on creating interest for the product by contacting potential
clients. Companies like Albert, Bol and UPS might be good to address. Another way of creating interest is
using stands at transport fares. The movies that are made during this project can be shown at the
transport RAl in October 2009 and at other fares. Other materials such as flyers can also be useful during
these promotional activities. A scale model of the g-combi, g-module and g-box should be produced in
order to make the entire product visible .

If there is enough interest, combigroep should continue with further development of the product.
Extensive strength calculations need to be made. A real size prototype needs to be manufactured in
order to test the loading and unloading with an operator. The system itself needs to be tested with
users. The product needs to be completely developed up to the level of production.

In about two years from now the product could be ready for production. At this time combigroep can
run a pilot session in cooperation with a client. The pilot session can take place at a few selected park
and rides.

The pilot session can be used for two things; To check the operation of the g-combi, g-modules and g-
boxes. If necessary alterations to the design can be made. Also to check the demand for the system. If all
goes well, more g-combi’s can be produced and implemented at more park an rides in the Netherlands.
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6. Appendixes
1. Product description

1.1 The truck bed
- Profile to connect platform to chassis
- Transversal profiles to support modules
- Lateral structure
- Coatings
- Locking system

1.2 Extra components
- Winch
- Roll conveyor
- Ramp
- Joints and other components

1.3 Module components
- Panels
Side and back
Roof
Floor
Door
- Panel finishing
- Profiles
- Wheels

2. Materials
2.1 Eco-points analysis
2.2 CES2008 graphics

2.3 Bio-polymers

3. Disassembly design



1. Product description
1.1 The truck bed

Profile to connect the platform to the chassis

The aluminium profile currently in use was maintained
because it is already homologated and it allows the
adaptability to all chassis. As the construction of the
MyTCombi is generally similar to the Combi3000, it is
assumed that its properties are also adequate.

Transversal profiles to support modules

On the current product’s structure these analogue
profiles are made out of steel (in the case of the Combi
Plywood model) or aluminium (in the case of
Combi3000) and are used for supporting carrosserie’s
floor. These were re-arranged in order to serve the
same structuring function and also for the modules to slide over them.

It was necessary to redraw the profile by adding a rail shape along the height of the profile.

Since every module was designed with its own floor platform it was decided to remove the plywood
flooring from the original structure, as its functional/protective purpose isn't justified anymore.

This profile has two different functions: structural and linear guidance. As for the structural part the
profiles carry the load weight of the module. Each of them contains holes destined to the locking system
of each module. The most important engineering requirements to consider for this feature are:

Stiffness — There are two profiles for each module, thus eight in total.

The riskier scenario for this component is at the moment when the module is still on the structure. When a
module is moving out or up the weight acting on the profiles is reduced to half because only one wheel is
in contact with the profile. Estimating that the module is 700kg one can say that each profile of one
module needs to hold 350 or 175kg per wheel. The design decision to optimize this system and avoid the
bending of the profile was positioning the two wheels at the largest distance from each other so that the
weight of the module is distributed the furthest from the centre (most responsive point to bend forces).
Also, according to their location, the wheels are still able to touch the ground when the module is
positioned at any angle.

Material’s fatigue — As this profile has the additional function of rail it is extremely important to consider
the softness of the respective material and its fatigue strength for heavy loads. It was estimated that the
life expectancy of this system is 10 years. According to the case study example each Combi delivers one
container at a P&R, so four containers at 4 P&R. Assuming that the same truck repeats the same cycle
four times a day (in total 16 P&R’s) during 260 business days in a year, each pair of rails has to support
around 4160 loading and unloading movements. In the time of 10 years that means a total of 41.600
movements.

With these considerations in account two possibilities for material were analyzed:
Recycled aluminium and Steel.

It is essential to underline the importance of using recycled aluminium, even in general terms. This
material has the advantage of being 100% and indefinitely recycled, not loosing its properties’ quality.
Besides, it saves about 95% of the energy used in the production of the pure aluminium and it's more
economic.

Aluminium extrusion provides several advantages in comparison to the available technologies of
machining steel sheet (steel extrusion was not considered for it is only available for very simple profiles
and it's too expensive). It is also faster and cheaper to manufacture and it ultimately will provide a lighter
structure.



The disadvantage of this material though hits remarkably on the engineering requirements referred above.
Aluminium is very ductile and thus flexible.

The estimation can be made: Regarding that the aluminium’s fatigue strength is approximately 599,8MPa
at 10*7 cycles and its elastic limit is around twice the times of fatigue’s strength, it's possible to establish

a concrete requirement for the aluminium profile on which it should be designed to hold a strain of
600MPa. The life cycle of 10*7 is such a higher potency in relation with 41,600 cycles that this value can
be taken as high tolerance to elastic deformation. Considering, besides the low frequency of use, that this
is a system that requires no high precision and deals with bulky loads, it is indeed possible to assume
aluminium as a viable material. However detailed calculations should be made further on, in parallel with
the environmental analysis that was done.

Steel has a high tensile strength and a better fatigue performance (normalized steel, not tempered, has
more than half of the fatigue strength that aluminium) but the manufacture process is more expensive,
due to human labour.

Both are recyclable, steel is separable because of magnetism, aluminium is 100%.

Final choice
Aluminium Steel
Mechanical properties - +
Material cost - +
Manufacturing cost + -
Weight + -
Appearance/User perception + -
Eco-factors Dependent on interpretation

After evaluating the two choices available for the material of these profiles the team concluded that:

- Steel, although presenting the best mechanical properties, has a significant weight due to its density
(three times higher than aluminium’s) that is very inadequate to the team’s purpose.

- Aluminium is chosen because it, not only saves around 100kg on the total weight, but has also a
higher benefit on environmental points.

For this specific case, the argument of environmental gain can be questioned. The fact is that the
calculation of environmental points is not the most adequate for the support of decisions that involve such
different materials. So the benefits of aluminium can be approached on a different manner, in the sense
that EI'99 rates are not totally fair towards steel.

The production of pure aluminium has the value of 780. As it is known, the production of secondary
aluminium takes up only 5% of the energy used in primary production, meaning that a value of 60 is then
set for the secondary aluminium. This means that 720 (780-60) of the original value is recovered on the
recycling process.

In parallel, the production of primary steel has the value of 86.

From this we conclude that, although there are high benefits in using recycled aluminium, this doesn’t
mean that the first production of aluminium can be unconsidered. One can say, contradicting the
environmental impact results that the general production of steel is less damaging than the aluminium
one.

However it is necessary to find equilibrium amongst these issues. Two characteristics must be considered:
- Weight

- EI'99

Having chosen PVC for the panels, due to its superior resistance to outdoor environments, price and
weight, and causing this a decrease on the environmental gain, aluminium had to be increased on the
composition of the structure to balance both characteristics.

This structure has to be highly resistant to outdoor harsh environments so a design for draining and
effective coatings should be considered. This matter is discussed further on.



Lateral structure profiles
These profiles were replaced by a new design of a multifunctional profile, on which several components
can be attached. The specific features addressed in this concept are: a winch, a roll conveyor and a ramp.

The modules are loaded and unloaded one at a time and the changing forces of the system must be
balanced. The engineering requirements for these profiles are:

Each profile has to hold half of the total weight of one module and each ¥ section of the profile’s total
length also.

The profile should support the momentum
implied in the use of the three components.
The winch and the roll cause a momentum
on the profile that would cause it to turn.
The ramp on the other hand causes a
vertical force that might force the profile to
bend.

In order to minimize these problems two
less wide profiles were suggested, instead
of a larger one. Having now an improved
distribution of the component’s weight, the
momentum is reduced and the components
are more stable. The roller should be
damped with the aim of reducing the
pressure on the profile section.

For this case the same options as above were taken in consideration. Since the fatigue of this profile is
not the most significant property to the system but rather its weight and cross section, recycled aluminium
was chosen as the most adequate material. With aluminium a bigger variety of profiles, and complexity,
can be achieved. The extruded profiles make the assembly and disassembly faster because there’s no
need to drill holes on it for the extra components. Since these profiles are the most exposed surfaces the
property of absorbing shocks is also considered an advantage of aluminium against steel.

In this manner, it is expected that Combigroep meets more easily the legislated recycling standards, in a
very cost efficient way.

The lightness of the profiles was not considered the most important requirement because these trucks
don’t belong to the category restricted on loads. It is a relevant factor though, in terms of the vehicle’s fuel
economy.

Aluminium might harm the stability of the system because, although steel corrodes faster, when both are
jointed together as a galvanic couple, the mix of corrosion potential is lower than detached steel but
higher than aluminium’s. So aluminium will corrode very fast.



Coatings
There are options for steel and for aluminium that must be considered in terms of cost and environmental
impact since they represent the first cause for recycling problems.

For steel coatings two options are available that match the requirements above: zinc and aluminium. From
these two, Zinc is more often used and advised by specialists. Nowadays an alloy of Zinc-aluminium is
experimentally used.

Hexavalent chromium, lead, copper, cadmium and polymeric paints should be avoided because, while
effective, they have a high impact on the environment.

inc coats sacrifice to protect the steel that, being cathodic in relation to the zinc coating, is double
protected. Hot-dipped galvanizing can have several thicknesses and protects both inner and outer
surfaces, better than any paint. This coating has not CO2 footprint of maintenance because Zinc is self-
healing and of very easy inspection. The presence of a zinc coating on steel does not restrict its
recyclability. Galvanized steel is recycled with other steel scrap and Zinc evaporates and is recovered
during the process.
The environmentally-friendly galvanizing plants are based on closed-loop system. This process includes:
low air emissions, full recyclability of zinc and steel and nonexistence of any manufacturing wastes
requiring disposal off-site.

coating thickness: pm measured from Steal surface

o 10 20 30 40 50 60 7a BO 90 100 110 120 130
a5 |

| | | S— | | 1

steel surface coating weight: g/mr  * 610

steal of =Bmm section
hot dip galvanized to BS EN IS0 1461

thick hot dip galvanized coating
cantrifuge galvanizing to BS T37T1 PLG

zinc spraying to BS EN 150 2063: 2005

continuous galvanized
sheet to BS EN 1SO 10327: 2004 1
ey dispersed zing pigment

mnGc plating o Fe/Zns of BS EN 12329

- Zinc aHD':r' layers

sherardizing to grade 1 of BS 4921

ure Finc
painis and coatings . P
incorparating zinc dust

Increased attention to life-cycle costing is motivating designers and investors to opt for zinc-coated steel in many traditional and
new applications, from construction to automobiles, from electricity distribution poles to safety barriers, from farm gates to ski-
lifts.

Source : www.hdg.org.uk/221_How_Galvanizing_Protects_Steel_Explained.php

As for aluminium coatings some other possibilities were researched but as it seems environment-friendly
organic inhibitors are not appropriate for outdoor environments because they degrade too fast.
Anodizing is often called the greenest finishing on the field.

The main advantages of using anode coatings on aluminium are their safe use and direct recycling
possibility. The disadvantage though is that the process releases toxins into the environment. The liquid
by-products are recycled and returned to the process.



The other “sustainable” solution is more Type of Powder
recent. Powder. coating is a technique _ Property | |Stndard[Bnbanced | | e | Acrytic | PVDE
analogue to paint that sprays compressed air Ealyestes (ERIve ey
and non toxic pigments towards a negatively If;:i:]i:\ Good | Excellent ;::': Poor Good Excellent [Excellent
charged part, with use of no solvents. The =
H H S Good Good  [Excellent| Good Good Good Good
adhesion happens due to the difference of Resistance
charges between the part and the spray Impact  |Excellent| Poor |Excellent [Excellent| Good Poor  |Excellent
particles‘ Afterwards the part should bake in Flexibility |Excellent| Good |Excellent [Excellent Good Good  [Excellent
an oven so that the Sprayed |ayer becomes Adhesion |Excellent | Excellent |Excellent [Excellent| Excellent |Excellent| Poor
hard. This is a non significant energy- Cost | Medium | MEES™ | Medium | Low | Metium | High | High
spending process. The main disadvantages of =
this technique are the I‘ecycling conditions — Appearance Good | Very Good | Good Good Excellent Good Poor
The coat must be previously removed with @S
abrasive blaSting, a pOSSible solution is the E;l;:.l::’ Very Low | Very Low |Very Low |Very Low Low Very Low |Very Low
organic abrailvhe - an((jj the enwronmelntal e T = T = e e
restrictions of the powder raw materials. : - =S
p Clulzmlcai Good Good  |Excellent pren Good yeg Good
Resistance Good Good
Gloss Range | 10-95% | 20-95% | 5.90% | 5.90% 505% | 30-90% | 30-60%
Re :.il:::n = :;-::‘; Good Poor Good Very Good Good Good
Abrasion Good Good Eer_v Good Good Good Poor
ood
Compatibility| Good | Good | Good | Good Good ;‘,::‘r ;‘,::‘r

Useful sites about “green” coatings:
www.voestalpine.com/stahl/en/products/steelstrip/steelstrip_organically.html
www?2.dupont.com/Renewably _Sourced_Materials/en_US/materials.html
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www.akzonobel.com

Locking system of modules

The modules need to be locked to the platform for several reasons of road safety. The first concept of this
component used the rescaled working principle of the current BCC system: pin-hole connection, remotely
controlled. This solution was later found not adequate because it locked each module on only one place
and thus, had to be reproduced to many times, what would cause it to be too heavy and complex in terms
of disassembly. Also the electronic actuators implied would raise the cost of the system.

So a different solution was designed using the same pin-hole principle but this time activated manually
with a special wrench. It is composed by a steel bar along the width of the truck with a gear on each end
that controls the transversal pin bars to opposite sides and locks the platform to the module.

The material choice for this part was made regarding the aluminium vs steel topic. Steel was the material
chosen due to the requirements of this mechanical system. The lock will suffer permanently of pressure
caused by the weight of the modules over the profiles where the pin is locked. The gears should also be
highly resistant to fatigue in order to keep the minimum of precision necessary.

An important consideration of this design is that the gears should be protected on a container so that
corrosion problems interfere with the working of the pins.



1.2 Extra components

These features were taken as examples to correspond to the needs required by the designed system.
They should be tested in properties and amount, whistle a prototype testing, and then reconsidered within
the stakeholders involved with the Combigroep. Some were found on international suppliers and others
on the Dutch market. The factors that influenced the choice are listed below together with the respective
justification.

Winch and guides

The winch was the elected system, selected from one of several suppliers in the Netherlands.

The choice was made regarding the factors:

The length of the cable and its power supply, the cost and finally its compactness;

Four winches were used, one for each module. This choice was made due to the uncertainty of whether
the locking system would be enough security in case of a non flat pavement when loading or unloading.

The fact is that this “row” of winches should be protected from assault and accidents or hidden.

For this case the team understood that the choice should be given to Combigroep after a prototype test.

In case only one winch is enough, and it is surely more economic, it should be placed under the chassis,
either mounted on a sliding system or fixed and used with four winch guides/single pulleys (each aligned
with a module and fixed to the lateral profiles).

Roll conveyor

Due to the dimensions of the modules and the height of the chassis this element was necessary in order
to balance the movement of the module when moving up or down from the chassis. There are several
types of roll conveyors on the market that can be purchased either in single units or chains.

It is also possible to design a customized solution in order to have a customized assembly and also
recycling of materials.

The most important characteristics of this component are its price and weight capacity. It is additionally
suggested that the roll is damped so it can absorb more effectively the shocks implicit in the load of the
modules when loading/unloading.

Ramp

In order to overcome the distance to the ground a ramp was included in the system because it enriches
the product by not being dependent on the infrastructure. The solutions involving the action of
municipalities, special concrete installation for instance, would be time and cost consuming.

The most efficient solution was to search for an aluminium ramp regarding the following criteria:

Light weight, single material for recycling reasons, load capacity and self-guidance.

Joints and other components (bolts and nuts, wheels, conveyor roll)

The connections between parts chosen were bolt and nut joints in order to avoid the use of glue or
adhesives which causes great problems to the disassembly.

Generally snap-fit joints are the best option, and the advisable one, but this solution requires specific
attention when designing components as profiles and wall panels. The concept presented in this project
can and should be improved at a later stage of development.

Stainless steel is commonly used in joints with exposure to outside environment and high tensile
requirements. This solution isn’t advisable for a Cradle-to-Cradle product since the Chromium existing in
their composition is highly toxic to the environment.

Galvanized forged steel would then be the most appropriate solution for both components since they are
magnetized and made out the same material.



Especially in the case of the module composition, and concerning the design for disassembly principles in
case of need for bolt-nut connections, holes should be made going completely through the material to
which it is attached to something, so that it can later be tapped out instead of unscrewed. Another option
is to use moulded-in fasteners made out of the same material so that separation is not needed.
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Recommendations for design for disassembly
(www.srl.gatech.edu/education/ME4171/DFR-Improve.ppt)

Material choice
e Avoid regulated and/or restricted materials
These often MUST be recycled, whatever the monetary cost of removal is.
e Use recyclable materials
e Standardize material types
e Reduce number of material types
o Use compatible materials, if different materials are needed.
Single material is preferred, however.
e Eliminate incompatible laminated/non-separable materials.
Mechanical separation:
e Reduce number of materials as much as possible
e Choose materials with different properties
(e.g., magnetic vs non-magnetic; heavy vs light), thus enabling easy separation.
e Allow for density separation
Maintain at least 0.03 specific gravity difference between polymers
Isolate polymers with largest mass by density
Eliminate incompatible laminated/non-separable materials
The separation of staple, glue, press joints or joints made by deformation not only require more
specialized equipment, but also embody a higher risk of damaging the component, if it is to be
reused.
e When practical, use fasteners of the same (or compatible) material as the attaching part.
o If this is not possible for plastic fasteners, use ferrous fasteners or inserts to allow for magnetic
separation after shredding.
Try to design with minimum screw head types and sizes
Cadmium coatings should not be used because of potential health and environmental hazard.

Visited webpage for fasteners: www.me.mtu.edu/~jwsuther/erdm/fasteners.pdf



1.3 Module components

In the previous report three concepts were displayed. Two of these concepts caught the interest of
Combigroep. The Combi Minimal was one of these concepts. For this reason it was decided to develop
the modules according to this concept because it is flexible to be implemented on the regular Combi3000.
It is questionable if this choice of materials and production methods is the optimal choice for the module
with these smaller dimensions. The current configuration recommendations are given for a more optimal
way of construction for smaller sized container.

The panels that compose this module have different requirements that influence the decision on material
application.

Side and back panels —These walls, though easily self supported, require a big deal of resistance when it

comes to impact suffered from forces created by wind around the moving truck and possible
deviations/drops of the load inside. This resistance depends on the thickness of the panel and on
its material.

Several options were looked at for this problem: Wood, Plastic or Aluminium are materials that
can be produced as very light planar surfaces and are recyclable.

The usual panels used by Combigroep are very convenient but do not follow the principles of
Cradle-to-Cradle and are not efficiently recycled because their composition is a sandwich of
different materials.

Plastics and aluminium have a better resistance to the environmental conditions, not suffering
from changes in dimensions but aluminium should be efficiently coated in order not to have
corrosion problems.

The advantage of wooden walls is the environmental benefits on extraction and production phase.
Compared with aluminium or PVC, it is heavier and earlier degraded. This option was studied
through but left out for the final decision.

The most important engineering requirements are: impact strength or tensile strength and
stiffness (in case of accident or vandalism the content must be protected), weight (due to their
dimension the panels weight easily too much) and low reactivity on weather conditions such as
water and UV radiation. Eventually the aesthetics will play an important role. The topic Panel
finishes this will be discussed.

Wood

Panels’ construction requires a smooth surface without flaws so that fast degradation is avoided.
The environmental concern within woods resides on questions as the unsustainable logging and
the protective coatings that use softeners for the negative out-gassing, toxic urea formaldehyde
and other solvent-based finishes. However, the most important consideration for wooden eco-
design is to minimize the quantity of material needed for the task.

Therefore particle/fibre boards as MDF represent advantages because they are made mainly of
waste or recycled wood fiber. Plywood is commonly named as the least eco-friendly panel but
indeed it is less susceptible to degrade, thus longer lasting, because of its high moisture
resistance and the highest strength-to-weight ratio of any other panel.

Bamboo Bamstrand flooring is a similar product to plywood. Its advantages are related to the high
availability of this wood, the established use of eco-friendly compressed adhesives within the
production process and also the superior mechanical properties.

This last feature is indeed the most valuable in terms of saving costs with the durability of the
material. MDF is also made out of bamboo, offering a lighter and recycled solution.



Plastics

Amongst these there are important features to consider amongst all the options available: Bio-
plastics (environmentally friendly), PVC (with adequate and versatile properties) and PET (within

this family

The current trend on bio-plastics has a strong impact on the social perception of each product.
Options as Cellulose Polymers, Polyhydroxyalkanoates (PHA,PHB) or the most common for rigid
and hard surfaces Polylactide (PLA) are already developed to a sufficient technical level and they
have indeed high environmental benefits. Unfortunately the application for these polymers is
limited and they are expensive. The fact that this is a fast degradable solution doesn’t meet the
requirements of the product and the ratio life cycle-ecologic impact is a more important variable in
the sense of longer the product’s life the lesser its eco-impact. (see Appendix: Materials,

CES2008 graphics)
The choice between PET family polymers and PVC was done based in the following table:
PET PVC
Price 1.87 Euros/m 1.75 Euros/m
Mechanical properties
Density 1290 — 1400 Kg/m3 1300 — 1580 Kg/m3
Stiffness 2757 — 4136 MPa 2137 — 4136 MPa
Tensile Strength 48 — 72 MPa 41 — 65 MPa
Optical properties
Refractive index 1.54-1.56 1.57-1.58
Durability
Sunlight UV Good Very good
Water Very good Very good
Flammability Both are flammable but can be converted into self extinguished.
Processability Equal values Equal values
Eco properties
CO2 footprint - Moulding Less More

CO2 footprint - Recycling

Regarding the CES database this two values stand very close.

EI'99 - Material

0.43Pt

0.22Pt

The values on this table were taken from CES EduPark 2008 and IdeMat2003 databases and are mainly

representative and approximate.

PVC has several advantages towards other plastics. Although with a very bad reputation it
presents a high rate of recyclability (when not mixed with other polymers) — recycled PVC takes
around 95% less energy to produce than pure - and its properties reveal a long lasting choice80
percent of PVC products have a life expectancy of 15 to 100 years.

The price, durability and outer surface protection, and manufacturing are all favourable for the use

as one part container.

So according to this, the hypothesis is given to re-think the construction of each module and
produce it out of only one piece to which only the door has to be attached, although this

constrains the use of a translucent ceiling.
As for processes, rotational moulding advantages towards vacuum forming are described briefly

below.




Advantages of rotational moulding over other plastic moulding processes:

www.haywood-rotomoulding.co.uk/benefits.html

e Economic tooling costs in either fabricated steel, cast aluminium or
CNC machined aluminium.

o Mouldings are a one piece construction, virtually stress free and can
be totally enclosed or with openings.

e Due to the low stress in the moulding parts are stronger and therefore can
be made lighter.

o Wall thickness of the product is even and can be varied via shot weight.

e Rotational mouldings can be produced with a variety of surface finishes and
practically any colour.

o Wide variety of available materials to suit many applications where

strength, rigidity, chemical resistance, UV resistance, temperature

resistance and impact resistance are important.

The ability to produce multi walled mouldings.

Design flexibility, from small and intricate to large and complex.

Excellent resistance to environmental stress cracking and corrosion.

Most materials can be easily recycled.

Recycled materials can be used to make new products without

significant reduction in performance.

e The process uses less low energy input.

Compounding
Fibre Extrusion
Film Extrusion

Frofie Extrusion

Inection Moulding

Compression Moulding

Fotational Moulding

Thermafarming

Specific Energy Consumption per transformation process
Source: Energy management guide for large industry business at www.sei.ie

Aluminium

The advantage of aluminium foam or sheet is the easy and strong manufacturing, its weight and
the high benefits on recycling phase because it can not only save 95% energy on its
manufacturing — compared with pure aluminium — but it reduces also the amount of different
materials that compose the hole system.

The options regarded for this function were: aluminium moulded sheets and aluminium foam.
For aluminium foam AlCarbon was the brand researched. This company offers as products
aluminium foam sheets, aluminium foam profiles and, amongst others, aluminium foam shaped
building components. For technical applications these products are known for their good rigidity,
heat resistance, sound absorption, resistance to impact and fire and explosion safety.



They are lightweight solutions for wall and floor coverings or sandwich sheets. This alternative has
a strong potential because it combines strength and lightness but it is at the moment a very
expensive material.

The aluminium sheets considered for the use in panels were taken from the analogy with
dashboards of some vehicles. Shaping aluminium might incorporate some disadvantages due to
the elasticity of the material. Vacuum forming or hybrid processes are known such as
electroforming and traditional stamping in order to present good form finishing.

The corrosion of the material is the most relevant threat because it contradicts all this advantages,
weakening the product and reducing its life expectancy.

Final choice

The ultimate decision stands between vacuum formed aluminium sheet and compressed PVC.
While aluminium behaves better on environmental factors, PVC is indeed the most economic
solution (if all the recycling conditions are assured).Aluminium has a low resistance to the
environment and must be efficiently coated, which involves more processes of coating and de-
coating than PVC itself.

For this reason and according to the environmental data on processes, compressed moulded
PVC was the material elected for the lateral and back panels of the modules.

Roof — During the design process several similar products were looked at as analogies. From the
normalized freight containers one feature was taken as the best solution for the Combi module: a
self supporting roof. This can be done by corrugating a surface in order for it to get structure and
thus, avoid extra heavy elements.

The most important requirement is that it's light and structured enough to hold itself. One extra
design prerequisite is the possibility of having it transparent so that the installation of lights is
avoided by having natural light. Other sustainable solutions for natural lighting were considered
too expensive and of complex installation.

The choice will of course be dependent on the intended use of the module and whether it needs
or not light. It was assumed that it should be translucent for the optimal environmental benefits.
The suggestions considered sufficient were: PET (family of polyesters, as the opaque one used
by Combigroep currently), PVC and Polycarbonate (material used frequently in bus stops
structures).

The mechanical and optical properties of PET and PVC are in general very similar but according
to the design for disassembly or design for recycling principles, there should be the minimum
variation of materials so PVC should be chosen. PC is in fact a better engineering polymer but its
cost and high CO2 footprint — in both production and recycling phases — doesn't justify the
eventual performance benefits.

Floor — It was previously estimated a maximum load per module of 500kg that the floor platform must hold.
The current product uses, for a similar end, plywood flooring layered with adherent adhesive.
The most important characteristic of this surface is the bending resistance to its load.
The most important remark to make is in terms of environment-friendly choices. In order to avoid
resins or glues in laminated or fibre boards, the compactness of the material is very important.
Strand woven bamboo flooring is available as a very strong and resistant to bending solution. It is
produced as plywood but uses environmental friendly adhesive and doesn’t need to be layered.
Also aluminium foam is a viable option due to its weight but due to its elevated cost and need for
coating the bamboo was chosen.

Door — This feature is dependent on the use of the container since there are different types of working
principles and security functions. Also its shape requires different two depths (inner and outer
surfaces of the module) and the incorporation of an insulator to efficiently seal the module.

The solution should be found in the same way as for the panels, preferably using incorporated
hinges from the same material that are not inserts.

In order to prevent the use of different parts that need to be assembled, moulding the door in one
single form is an appropriate production technique. The options for the material should then be
made accordingly to the lateral panels’ material.



Panel Finishing

There are several possible solutions for the layering
of the panel surfaces, products and processing.
Surface finishing can be harming for the
environment due to the release of toxic substances
on the air by spraying. Or it can also stop some
materials from being recyclable. This is the case of
the get coat, currently in use. It is inadvisable
because they are very damaging for the
environment. The sprayed gel coat is responsible for
releasing toxic fumes from solvents and chemicals.
Besides environmental concerns, the options will
vary according to the intended use of the container,
its outer surface material, and whether publicity
panels are needed or not. The suggestions
regarding this topic are divided between the use of
eco paint, biodegradable adhesive and vinyl flexible
panels.

Considering that PVC panels dismiss the need for protective external coating, and presenting a final good
surface a soy-based eco adhesive was elected as the best option. Vinyl posters would contribute with too
much unnecessary weight and are an expensive solution for periodic publicity. Eco paints are available in
the market but would require special installations and are more time consuming than adhesive layers.
These have the advantage of a small CO2 footprint in the landfill and are easily detached.

Source: www.adhesivesmag.com

Profiles

The module construction was designed destined for the adaptation of the existing carrocerries and their
possible improvement. As referred above, the option of rotomoulded PVC would allow, for the case of
smaller modules, not to use these profiles because their structural function is efficiently recreated by ribs
in the moulding process.

Since the agreement settled with the Combigroep was to present a structure focused on design for
disassembly, easily adapted to the structure of the Combi2000 and Combi3000 — important to notice that
these are four times larger - the design with panels and joint profiles was kept. For this, some properties
were listed that support the material choice for this component.

The complex cross sections, very modular, imply an easy machinability of the material. Since there are
profiles for every edge of the module, they need to be as light as possible in order not to interfere with the
stability on the platform. Coated and recycled extrusions of aluminium were once again considerer as the
most effective solution for they allow the best performance in profiles and are a lightweight option.
Besides aluminium, magnesium profiles were considered has a bet for the future, very worth due to its
strength-weight ratio that, when alloyed, has the highest value of all structural metals. But magnesium is
very reactive, requiring a high level of coatings, and its cost, as well as respective production technology,
is far ton hinh ta he wanrth

The ratio of magnesium price to aluminium price has always been critical for the structural applications
market for magnesium. Since 1995 this ratio has varied between 2.7 (late 1995) and 1.4 (April 2003).
Demand for structural metal, especially in the motor vehicle market, is strongly price elastic and it is
generally believed that for magnesium to be competitive with aluminium in this sector the price ratio for
the primary metals must be no greater than 1.8.

Wheels

The decision of choosing swivel wheels to facilitate the module’s mobility was based on a principle of easy
disassembly. It is a very practical solution that had the bigger advantage of being of easy maintenance.
The most relevant characteristic for which they were chosen is their ratio size-capacity. The inner space of
the module should be used as much as possible. Each wheel should be able to carry a minimum load of
235kg — measure taken from 1/3 of the total load weight since that it is recommended to reduce one wheel
from the calculation for when choosing wheel capacity. The material choice did not regard these features
since their availability is very limited. Corrosion, and preferably snap-fit connections should be taken in
account.



2. Materials
2.1 Eco-points analysis



Components Material Volume/part or Dimensions/part Density Amount Total Weigth = Density x Volume
CombiG
Truck bed
Transversal profiles Galvanized steel 0.00228m3 7850 kg/m3 X8 143kg
Side profiles Aluminium 0,013029132m3 2700 kg/m3 x4 140kg
Ramp Aluminium 0,00195m3 2700 kg/m3 X2 5.3kg
Conveyor roll
Metal structure Steel 0,000095866m3 7850 kg/m3 x1 0.75kg
Bearing Polymer 0,000014465m3 1150 kg/m3 X2 0.03kg
Axis Steel 0,000083629m3 7850 kg/m3 x1 0.66kg
Outside... Polymer 0,000860513m3 1150 kg/m3 x1 0.98kg
Winch x4 Not relevant
Locking system Steel 0,005888235m3 7850kg/m3 x4 46.2kg
Module X 4 modules
Side panels PVC 0.014553m3 1350kg/m3 x1 19,6kg x4 = 78,4kg
Door
Surface PVC 0,005551043m3 1350kg/m3 x1 7,5kg = 30kg
Hinges+Latch Galvanized steel 0,000376261m3 7850 kg/m3 x1 2.95kg x4 = 11,8kg
Sum of rubber profile (x3) PVC 0,000837648m3 1350kg/m3 x1 1,13kg x4 = 4,52kg
Self supporting ceilling PVC 0,006012126m3 1350kg/m3 x1 8.12kg x4 = 32,48kg
Floor panel bamboPlywood 0,017578800m3 400 kg / m3 x1 7kg x4 =28kg
Wheels
Structure Galvanized steel 0.00018m3 7850 kg/m3 x4 5,6kg x4 = 22,6kg
Polymer wheel and bearing PU and PA 0,00040m3 1150 kg/m3 x4 1,84kg x4 = 7,36kg
Axis Galvanized steel 0.000013m3 7850 kg/m3 x4 0,4kg x4 = 1,6kg
Rail profiles Aluminium extrusion 0,0049m3 2700 kg/m® X2 26.46kg x4 = 105,8kg
Structure profiles
Sum of bottom (x4) Aluminium extrusion 0,0126m3 2700 kg/m® x1 34kg x4 =136kg
Sum of main (x8) Aluminium extrusion 0,02080m3 2700 kg/m® x1 different sizg56kg x4 =224kg
Corner pieces top Aluminum sheet 0,000091m3 2700 kg/m® x4 0,98kg x4 = 3,9kg
Corner pieces bottom Aluminum sheet 0,000017m3 2700 kg/m® x4 0,18kg x4 = 0,72kg
Hanger profile Aluminium sheet, punched and bended 0,000283m3 2700 kg/m® X2 1.5kg x4 = 6kg
Ramp Aluminium sheet 0,00123m3 2700 kg/m® x1 3.321kg x4 = 13,3kg
Hinges Forged steel 0,000027894m3 7850 kg/m3 X2 0.43kg x4 = 1,72kg
Guides and locklock Aluminum sheet 0,000092573m3 2700 kg/m® x4 1kg x4 = 4kg

Combi 3000

2700 kg/m?®

2700 kg/m®

2700 kg/m®

2700 kg/m®

2700 kg/m®

400 kg/m3

400 kg/m3

2700 kg/m®

7850 kg/m3

400 kg/m3

2700 kg/m®

7850 kg/m3

7850 kg/m3

2700 kg/m®

1490 kg/m3

2700 kg/m®

400 kg/m3

7850 kg/m3

7850 kg/m3

1490 kg/m3




Total weight/material
1 truckbed, 4 modules EI'99 Processing EI'99 End of life |EI'99 Total EI'99 Total Impact of material (mPt)
CombiG
Galvanized steel --> 228kg 86 mPt/kg Machining + coating 0|Recycling -70 16 3648
Recycled aluminium --> 639kg |60 mPt/kg Extruding + coating 72|Recycling -720 -588 -375732
PVC --> 145,4kg 220 mPt/kg Compressive moulding 9.1|Recycling -170 59.1 8593
Bamboo-->28kg 6.6 mPt/kg (EU wood) |Compressing + adhesive 0|Incinerate -12 -5.4 -151
-363642
226.28|% improv.
Recycled aluminium --> 203kg| -119540.4
PVC --> 270kg 15957 -102754.8
Bamboo-->28kg -151 -7.80122244|% improv.
Combi 3000 Recycling aluminium -->116kg  |60mPt/kg Machining + coating 130|Recycling -720 -530 -61480.00
Recycled aluminium -->134kg Extrusion + coating 72|Recycling -720 -514 -68876.00
Aluminium -->116kg 780mPt/kg Machining + coating 130|Recycling -720 190 22040.00
Aluminium -->134kg Extrusion + coating 72|Recycling -720 132 17688.00
Whitewood --> 114kg 6.6mPt/kg Machining Ofre-use 0 6.6 684.00
Stainless steel -->31kg 450mPt/kg Machining Ofrecycling -70 380 11780.00
Polyester --> 28,85kg 380mPt/kg Machining 6.4|recycling -240 146.4 4224.00
Polyester --> 1,14kg Injection moulding 21|recycling -240 161 183.00
Plywood --> 75,4kg 39mPt/kg Compressing+adhesives; Olincineration -12 27 2035.80
58634.80
-111449.20

The calculations here documented are based on assumptions, as close to the real

case as it was possible to have.

After listing thecomponents and the respective materials, the main materials were
categorized in order to be quantified as a whole within the system.

Different colours identify different scenario's variables (described below).

The results of the ultimate environmental impact are marked in bold.

The EI'99 values equal to zero were considered not significant.

All data that wasn't available was estimated using similar cases.

Optimal scenario

The bamboo EI'99 value was compared to the one of EU wood because the logging

and transportation conditions are similar. Chosen for the superior strength, lightness|

and non-toxic adhesives.

The incineration value was given by comparisson with paper and cardboard.

The most significant weigth derived by the use of steel in the previous scenario was

changed.

An experiment was done to evaluate the impact of secondary aluminium recycling.

Aluminium and PVC

The module's volume was re-calculated by subtracting the inner volume for the

outer volume of each module.

This solution, although it doens't have clear benefits, is very close - in weight and

environmental points - to a feasible solution.

Combi3000 out of pure aluminium

The value given to stainless steel (material EI'99) describes its composition:

82% (Steel 86mPt/kg) + 13% (Chromium 920mPt/kg) + 5% (Niquel 5200mPt/kg) =
450mPt/kg

in order to demonstrate the environmental disadvantages of stainless steel
recycling.

This scenario doesn't include the Epoxy value on the plywood composition
because there was no data available on composition percentages.

The coating of aluminium was not considered because there was no data available.
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2.3 Bio-polymers

Bio-plastics are plastics produced from biomass sources. Biomass sources are renewable and are more
environmental friendly than the current sources for plastic production. Bio-plastics use renewable
resources in their manufacturing and are mostly biodegradable and recyclable. The plants used on their
composition generate resources for biomass, for thermal, organic or chemical recycling.

Polyhydroxybutyrates (PHB)

The biopolymer poly-3-hydroxybutyrate (PHB) is a polyester produced from renewable raw materials. Its
characteristics are similar to those of the petrochemical-produced plastic polypropylene.

The production of PHB is currently booming. Companies worldwide are aiming to either begin production
of PHB or to expand their current production capacity, which would most likely result in a price reduction to
fewer than 5 Euros per kilogram.

Combined with other substances, PHB is also offered as a PHB blend. The application of PHB blends
ranges from the production of glues to hard rubber. Characteristics that are specifically required in the
blends can be developed by adding cellulose acetates. Because cellulose acetate already exists as a
waste product of cigarette filter production, its use in PHB blends can lower the production price. Cork,
starch or inorganic substances could also be added in order to meet special requirements of end products.

Cellulose acetate bio-plastic

DuPont Engineering Polymers recently announced the commercialization of a new family of high-
performance thermoplastic resins, flexible polyamides and elastomer products made with renewable
resources.

Development

Polymer Source Status
Starch Polymers com Commercial
Polylactic Acid (PLA) com Commercial
Polyesters (PTT, PBT, | comn Semi-commercial
PBS)
Polyhydroxyalkanoates | com, sugar Semi-commercial
Polyurethanes, polyols | soybeans Commercial
Unsaturated Polyester | soybeans/corn | Commercial
Resin
Cellulosic Polymers trees Commercial
(CAB, CA)

Internet sources:
www.sperecycling.org
www?2.dupont.com/Renewably Sourced_Materials/en_US/products.html



Applications of life cycle assessment to NatureWorks™
polylactide (PLA) production

Erwin T.H. Vink®*, Karl R. Riabago®, David A. Glassner®, Patrick R. Gruber®
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Fig. 8. Fossil energy requirement for some petroleum based polymers and polylactide. The cross-hashed part of the bars represent the fossil energy
used as chemical feedstock (the Tossil resource 1o build the polymer chain). The solid part of each bar represents the gross fossil energy use for the
fuels and operations supplies used to drive the production processes. PC = polycarbonate; HIPS = high impact polystyrene; GPPS = general purpose
polystyrene; LDPE = low density polyethylene; PET SSP= polyethylene terepthalate, solid state polymerisation (bottle grade); PP = polypropylene;
PET AM = polyethylene terepthalate, amorphous (fibers and film grade); PLA1 = polylactide (first generation); PLA B/WP (polylactide, biomass/

wind power scenario).

Soy based polyols had only one-fourth the level of environmental impacts that petroleum based
polyols show. There were significant reductions in global warming, smog formation, ecological toxicity and
fossil fuel reduction. Soybean plants like most plants consume atmospheric carbon dioxide.

The following applications utilizing soy based polyol or soy oil for polyurethane applications and
unsaturated polyester resin for sheet moulding compound are in production:

— Bayer’s Polyurethane Structural Foam System for farm vehicle body panels

— Ashland Chemical’s Envirez® 5000 unsaturated polyester resin for use in

sheet moulding and resin transfer compounds.

— Budd Company’s sheet moulding compound for production of farm vehicle

body panels.

— Urethane Soy System.s truck bed coating

system based SoyOyl polyol.

Environmental Performance

B Acudification
Crit. Air Poll :
- o pts/unit
[ Ecological Texicity 0.0500
[l Eutrophication 2
[ Fessil Fuel Depietion ® 0.0400 Iy ¥
[ Global Warming B 0.0300
[ Habitat Atteration O 00200
[l Human Health w g
e 0.0100 F
—r— 0.0000 & e == -
I smog GC5N Soybean Polyol Petroleum Polyol
P38 Soybean Polyol
e Alternatives

Note: Lower values are better



3. Disassembly Design

The six beams that form the lower structure
are connected to each other by nuts and
bolts

|
The wheels and the structures, used for

locking the module, are connected by nuts
and bolts that are shoved into the grooves
of the profile.

The nuts and bolts that attach the profiles
to each other at the corner, at the same

time connect the corner connections to the
structure.

Upper profiles can be screwed onto these
corner connections.

Floor panels, side panels and attachment
rails can be shoved into the profiles.

The attachment rails need to be secured
extra by easy removable double sided tape.
The panels do not need extra securing.



vV

e The resulting profiles and roof panel can be * Rubber profiles are pushed into the profiles
placed on the structure. of the door opening.

v

e The ramp with it hinges are screwed onto
the module.

v

e The corner pieces can be placed over the
profiles. All parts are connected at once by

nuts and bolts. e The door with lock and hinges are screwed

onto the profiles.



