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Chapter 8. D4S Case studies 
 
Compiled by Odin Visser 
 
In this chapter, five case studies are described that can serve as a source of inspiration 

on various aspects of the complete D4S concept. The case of Natura focuses on the 
D4S drivers for a company (see chapter 2). The case of Microplast in Costa Rica is a 

good example of D4S redesign (see chapter 4). As an example of Radical innovation for 

D4S (chapter 5), concepts for new mobility products are described. The Kamworks PV 
lantern for the Cambodian market is an example of new product development (chapter 

6) and last, a call-a-bike system in Germany is given as an example of a product-service 

system (see chapter 7). 

More and new cases will be added to this chapter over time. 

 
8.1. Drivers for D4S at Natura, Brazil 

 
Company  
In 2004, Natura turned 35 years old and it reaffirmed its leadership position in the cosmetics, 
personal hygiene and perfumery products sector. At the beginning of 2002 Natura employed 
3100 people directly, and had 286 000 sales consultants in Brazil. Natura is a company that is 
committed to the quality of the relationships it establishes with the different sections of the 
general public with which it relates - which come together in the so-called Natura Community - 
and to the innovation and constant improvement of its products and services based on a 
sustainable development model of business. 

 
 
Ever since its foundation in 1969 as a laboratory and a small store in the city of São Paulo, 
Natura has always been driven by two great passions: cosmetics, as a means for self-knowledge 
and a transforming power in people's lives; and human relations, which allow the expression of 
life. 
 
In 2000 it became a signatory to the UN Global Compact and also began to produce an annual 
‘balanço social’ (corporate social responsibility report) in accordance with the Global Reporting 
Initiative guidelines.  
In 2000, the company started a new phase characterized by investments in infrastructure and 
training, particularly with the construction of the Espaço Natura (Nature Space), which is an 
important integrated production, logistics, research and development centre inaugurated in 2001, 
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and the launch of the Natura Ekos line, a line of products that contain raw materials gathered, in a 
sustainable way, from Brazilian biodiversity.  
 
The success of those initiatives were clear in the company's performance over the following years 
and which culminated in the memorable results for 2003, both in terms of production, and sales 
and profitability. 
 
Environmental responsibility & initiatives 
Extracted in a sustainable way, the biodiversity actives used in the products allows the renewal of 
nature sources for the next generations. Many of them come from extraction reserves, natural 
demarcated, protected areas. All of them are provided with governmental certificated and 
certificates from NGO’s recognised for their work. 
 
A good example is the earlier mentioned Natura Ekos line. This line of hygiene and the beauty 
products was launched in 2000, based on natural Brazilian flora extracted in a sustainable 
manner by local people. In partnership with Imaflora, an NGO which operates on FSC principles, 
Natura has also certified floral assets to guarantee that they extracted in a sustainable way. 
 
When Natura launched the Ekos line, in 2000, Natura started to put into effect the sustainable 
use of raw materials from Brazilian biodiversity. Since then, the relationship with the communities 
that supply the raw materials from biodiversity has proven to be an important learning process. 
The developments seen in 2004 reflect the application of this learning on the process to create a 
consistent model for the supply of the raw materials.  
 
During 2004, a multifunctional team worked on the development of a model that can, based on a 
pilot experience with the community of Iratapuru, in the State of Amapá, be used in other 
communities. The community of Iratapuru is made up of 30 families that supply copaíba, breu 
branco and Brazil nuts. The NGO Amigos da Terra followed up the experience and created a 
business management plan together with the community. One significant achievement was the 
Forest Stewardship Council's certification of the three community-produced raw materials.  
 
Natura also started a foundation to create a financial reserve made up of a percentage of the net 
revenues obtained from the sale of products originating from the raw materials supplied by the 
community. These funds may be used both in immediate and future needs. Additionally, a 
consultancy specialized in sustainable development, Amapaz, will make a diagnosis of the 
community in order to prepare a plan for the future. The diagnosis will include physical, territorial 
and social and economic aspects so as to help the community to prepare a sustainable 
development plan.  
 
Other environmental initiatives include supporting environmental restoration projects in the 650 
hectare Fazenda Bulcáo and of the Pomar project which promotes restoration of polluted areas 
on the banks of the Pinheiros River. Natura also partners with TV Culture, the public broadcasting 
station of São Paulo, on the Biodiversity Brazil project which includes production of 
documentaries and other programs about biodiversity in Brazil. 
 
 
Social responsibility & initiatives 
Development is only sustainable if it socially fair, concerned with the majority, not a privilege of 
few, being ecological correct and cost-efficient. As a company aware of it role in the community, 
Natura tries to work with the communities’ people, minimizing negative impacts to the nature and 
spread knowledge acquired in the environmental management experience, favouring the 
biodiversity valorisation and social responsibility.  
 
For example, as a member of the Associação Brasileira das Empresas de Venda Direta (Brazilian 
Association of Direct Selling Companies) – ABEVD, Natura helps promote education for benefit of 
independent sellers.  
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Natura also runs the Crer para Ver Program (Believing by Seeing Program) in partnership with 
the Fundação Abrinq. Through this program Natura Sales Representatives sell products (cards, t-
shirts, mugs and gift packages) that are specially created for the program to their communities of 
origin, channeling the funds raised to public school system projects in the area.  
Since 1996, the program has raised 17.9 million reais (US$ 8 million) and supported 148 projects 
in 3,638 schools. In 2004, the amount of funds raised was the highest in the program’s history.  
 
The program is expanded in 2004 in order to involve sales representatives a program to get 
middle school dropouts back in the classroom. In the first half of 2005, the campaign reached 
some 32,000 people, mainly through the mobilization of the vast web of relationships that Sales 
Representatives have with their local communities.  
 
For Natura, the success of its programs depends on:  
 • Excellent relations with local communities;  
 • The company’s ability to seize the opportunity to organize and carry out programs  
    that contribute to improving livelihoods in local communities;  
 • The company’s capacity to put its corporate beliefs into action.  
 
Business benefits 
Natura beliefs it has benefited from: 

• Increased skills and motivation (human capital); 
• Improved ability to attract and keep employees; 
• Increased brand value & reputation, demonstrated by a high ranking in assessments by 

Ethos and the Good Citizenship Guide, prepared by Exame and Carta Capital 
magazines; 

• Consumer loyalty and willingness to pay a price premium – an annual study of Natura 
consumers has found that the company’s social responsibility is regarded as its most 
important attribute;  

• Better evaluation from financial institutions.  
• This British consulting group, SustainAbility, has - among other things - ranked 

environmental and sustainability reports around the world for over a decade. In 2004, for 
the first time, a Latin American company called Natura from Brazil  was ranked as a Top 
50 global sustainability reporter.  

 
 

Method 
Natura works towards the consolidation of a way to achieve responsible company management. 
That means that the business management is based on two main pillars: 
 

• The ethical and transparent relationship with its relationship publics: collaborators, 
suppliers, communities, advisers, consumers, governments, society and stockholders 

• Company goals compatible with the sustainable development. 
 
Since its establishment, Natura has been adopting values and beliefs fully aligned with the 
responsible management principles. The direct sale model, for example, has been selected 
based on the importance of relationship to the company. In the 80's, Natura was a pioneer in 
launching the refill concept in the Brazilian market of hygiene and cosmetics, showing its concern 
with the impact of its products over the environment. In addition, the company has developed and 
keeps developing a number of initiatives quite representative of how it understands its role in 
society. Among them, the "Crer para Ver" Program is outstanding, which is carried out since 1995 
in partnership with "Fundação Abrinq" (Abrinq Foundation), the purpose of which is to finance 
projects contributing for improving the quality of the public education, and the Ekos line, whose 
products are manufactured with actives from the Brazilian biodiversity extracted in a sustainable 
way. 
 

 

 110 

In order to incorporate any such concepts into the day-to-day business management, the 
Sustainability Committee was implemented in 2002, integrated by members of the top 
management of the company. In the next year, Natura created the area of Corporate 
Responsibility, which coordinates and supports the search for better responsible management 
practices. Its goals are the following: 
 

• To identify and expand the opportunities of responsible and sustainable management of 
the business; 

• To warn about decisions and situations endangering the management coherence as far 
as the sustainability is concerned; 

• To align and give coherence to the internal and external actions for a more sympathetic 
and sustainable society. 

 
Since then, the several areas of the company can rely on diagnostics and definition of goals 
coherent with the responsible management principles.  
 
Sources: 
http://www.wbcsd.org/web/publications/case/natura_full_case_final_web.pdf 
www.natura.net 
Developing Value, The business case for sustainability in emerging markets 
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8.2. D4S Redesign 1.8 Litre HDPE Bottle, Microplast Costa Rica 

 
Company & Stakeholders 
This project involved three Costa Rican companies. First of all the consultancy company called 
CEGESTI was involved. The environmental department of CEGESTI was the leader of the project 
and supported the other two companies with the implementation of EcoDesign. The second 
company called Microplast (see fig xx), produces plastic products and has 70 employees, funded 
in 1981. The company uses 25 Tonnes plastic per month for different bottles for pharmaceutical 
products, cosmetics and food products. The third company is a large Food & Drinks company 
with approximately 4000 employees that produces among other things; milk, juices, ice-cream, 
cheese etc.  
The project is supported by the sustainability department of Delft University of Technology from 
The Netherlands.   
 
Product  
The product that is redesigned is a 1.8 litre HDPE bottle. MicroPlast produces, on a small scale, a 
bottle of this size for milk and juices. The fact that the market for this type of bottle is increasing in 
combination with the fact that the old bottle is far from optimised made it an interesting product for 
this project. The redesign was made for the large Food & Drink Company. This company uses 
300 000 1.8 litre HDPE bottles per month. As starting point for the redesign the bottle from 
MicroPlast was used but also the two bottles that the Food & Drink company uses (see figure 8.1) 
were taken into account. The average weight of the bottles without tap lies between the 60 and 
70 grams. The bottles are distributed in standard HDPE boxes. Those boxes are also used for 
other types of packaging as Tetra Pack, Tetra Brik etc. With the current bottles the company is 
able to put 12 bottles in one box. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure xxx: Bottle to be redesigned, Microplast factory 
 
Figure 8.1  Current bottles used by Microplast 
 
Goals 
These are the main environmentally focus points: 
• Reduction of used material per bottle (strategy 2) 
• Reduction of Environmental Impact of packaging material per litre content (strategy 1& 2) 
• Reduction of rest material during production (strategy 3) 
• Higher efficiency in distribution (strategy 5) 
 
Next to the environmental focus points the following 2 general focus points were also taken into 
account: 
• Improve the ergonomic characteristics of the bottle 
• Improve the aesthetics of the bottle 
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Process 
The wall thickness of the old bottle is approximately 0.6 mm. Benchmarking in The Netherlands 
proved that it is possible to reduce the wall thickness to 0.2 mm. This is only possible when the 
blow-molding machinery is equipped with a so called Parison Control system. If MicroPlast 
integrates a Parison Control system in their machinery, a wall thickness for the new bottle of 0.3 
mm is a feasible goal. New machinery and Parison Control will also reduce the amount of rest 
material during production To determine the dimensions of the new bottle the dimensions of the 
distribution box were taken into account. With the dimension of the new bottle it is possible to put 
15 instead of 12 bottles (see fig 8.2) in the distribution box, an improvement of 25 %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.2: New crate and mechanical characteristics of new bottle 
 
With the computer program COSMOS the mechanical characteristics of the bottle were 
examined. These stress analyses (see fig xx) resulted in the position and amount of rims. 
To improve the ergonomic aspects of the bottle it was important to change the grip. The new grip 
is positioned in the middle of the bottle to avoid pain in the wrist during the use. Especially when 
the bottle is full (approximately 1.8 kilo) it is important to reduce the stress on the user’s wrist. To 
avoid pain in hands and wrist, the grip is designed in such way that the user can grasp the grip 
with all fingers and thumb. The new grip is designed for the P3-P97 (96%) population of Latin 
America; the ergonomic data used for the redesign of the grip was obtained via the Dynamic 
Anthropometrics department of the Delft University of Technology. To evaluate the improvements 
of the bottle, a prototype (see figure 8.3) is made.  
 
Results 
Benefits: 
- 45-50% material use reduction 
- 25 % better distribution efficiency 
- 43 % less environmental impact (Simapro 6) 
- Better ergonomics (P3-P97) 
- Less reprocessing during production 
- More attractive design 
 
What does this mean in practice? A few examples: 
On a scale of 300 000 bottles per month this will mean a reduction of 9000 kilos of HDPE per 
month and thus 108 tons of HDPE per year. Further more it is likely that the plastic packaging 
industry in Costa Rica will react on the new thinner bottle of MicroPlast. This could mean a 
positive influence in the plastic packaging industry in Costa Rica in the sense of a more 
environmentally friendly movements in this sector. 
To illustrate the benefits in the field of distribution two examples will be discussed: 
The first example is about the reduction of cooling area. After the bottles are filled with juice or 
milk the bottles are stored in a cooled area to keep the quality of the content guaranteed. The 
higher distribution efficiency means a reduction of 202.5 m! cooled storage area per month 
(based on 300 000 bottles per month). 
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The second example is about the reduction of storage area in the cooled distribution trucks. For 
this example the assumption is that a truckload is 15 pallets, with 25% higher distribution 
efficiency this means that per month 12 cooled trucks trips can be saved (144 cooled truck trips 
per year). The economical and environmental benefits speak for themselves. Less gasoline 
consumption, less maintenance costs, less labour costs etc. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.3: new bottle and prototype 

 
(Source: EcoDesign in the Plastic Industry in Costa Rica, by Odin Visser, 2005) 
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8.3. D4S Radical Sustainable Product Innovation: new mobility concepts 

 
8.3.1 Inspiration: MITKA 
 
Company & Stakeholders 
In 1997, the Ministries of Economic Affairs, Housing, Spatial Planning and the Environment of the 
Dutch Government agreed to the establishment of an institute that would stimulate and achieve 
great leaps of innovation. TNO and DfS of Delft University of Technology named this institute 
‘Kathalys’, thinking of the chemical substance that speeds up reactions. For the MITKA project 
Kathalys cooperated with the Dutch bike company Gazelle, the Dutch department of Nike, 
Freewheel Techniek and with van der Veer Design. 
   
Problem 
Imagine you live in the year 2015. Everyday you spend hours in traffic jams and it is almost 
impossible to find a parking place. It takes so much time to get to work, so much time to get to the 
sport school, to do your shopping and to get home again. 
In order to find solutions for the mobility problem and the associated environmental damage, it is 
important to first acquire an understanding of the mobility and mobility needs of the various user 
groups.  
Of all daily journeys, 85% are shorter than 20 kilometres. Up to 5 kilometres, the bicycle is used 
most; for journeys of 5 km or more, the car is used most. Our need for mobility is influenced by 
increasing prosperity, ongoing individualisation, increasing attention of safety, more attention to 
movement, health and leisure, an increasing number of different activities and tasks, and also 
more attention to ‘clean air’ and space in towns and cities.  
 
Goals 
An exploratory study shows that there is a gap in the market between the car and the bicycle, and 
particularly for commuter travel over a distance between five and twenty kilometres. 
Kathalys has chosen two starting point for the concept development of a new mobility vehicle: 

• It has to be an individual vehicle in order to take away to most important objection to 
public (collective) transport: that you can not go where you like, whenever you like: 

• Differentiation not between user types but between user situations 
Combining the advantages of the bicycle and the car means looking for a vehicle that is 
comfortable in all weather conditions, uses little energy, has space for a child seat, shopping and 
other things, makes one feel healthy, is easy to park and manoeuvre and is not too expensive to 
buy or maintain. Apart from that, it also has to be  ‘cool’, because a car  is a status symbol for 
many people.   
 
Process  
In the idea phase many possible solution directions are generated. In this phase is mainly 
focussed on the function and the form of the product and less on the technical feasibility.  
The idea phase resulted in four possible solutions; a two-wheel and a three-wheel variant, each 
with or without auxiliary power. The name of the new mobility vehicle is MITKA. For all those 
solutions; price, environmental impact, comfort and image were set against the action radius. 
With 3D computer models of the most feasible variants an interactive user examination is done at 
Nike in the Netherlands. A considerable proportion of the people at Nike finds the MITKA a good 
alternative for the car. People without a car are more positive about the concept then car owners. 
Nevertheless, the latter indicated that they would choose the MITKA if parking problems became 
even worse. Car owners prefer the three-wheeled (trike) version and because the main aim is to 
replace the car travel, the trike is being taken further.        
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Figure 8.4 Idea phase MITKA (drawings by Van der Veer Designers). 
 
In the concept phase the trike is further developed. The schedule of requirements for the MITKA 
embraces the following points: modular construction, ergonomics, frame construction, power and 
transmission technology, type of wheels, the weather cover, the baggage space, product identity 
and comfort. This resulted in a 1:1 manpower driven prototype (see figure 8.4 and 8.5). Especially 
the technology aspects of the concept has to be further developed. Is a electrical engine with 
batteries the best option or is a fuel cell a better solution? In the second part of this case more 
mobility concepts will be discussed with different engine solutions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure xxx 
 
 
Figure 8.5  Mitka Prototype  
 
Next to the concept development, several service packages are also developed in order to better 
satisfy the requirements and desires of the user. The mobility concept actually consist of a 
combination of the vehicle with the supplementary services: 

• Basic package: good guidance when purchasing the vehicle and accessories: good 
parking facilities; virtual shop accessible from work and home. 

• The ‘damage protection’ luxury package: repair service, replacement vehicle in the event 
of damage, help desk, insurance. 

• The ‘convenience’ luxury package: shopping service, baggage service, child transport to 
crèche service, arrival home or at home guarantee, shared car, delivery and fitting 
service for accessories. 

• ‘At work’ luxury package: shower area, locker for sportswear, ironing plan, washing and 
ironing service.  

With those customised service packages the user is able to create a personal mobility solution. 
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Results 
The MITKA is a smaller, lighter and more energy-efficient vehicle then the car, driven by 
manpower -or in combination with a electricity engine- with considerable environmental benefits.  
An environmental scenario for the Netherlands makes it clear what the environmental effect of the 
MITKA can be. In the scenario, only those people are taken into account who have indicated that 
they find the MITKA a good alternative to their current means of transport. According to this 
scenario, 2.2 percent of the car drivers, 20 percent of the public transport users and 42.3 percent 
of cyclists will use the MITKA as an alternative means of transport. This produces an average 
environmental benefit, in relation to the car, of about 100 million kilometres per year.  Figure 8.6 
shows the position of the MITKA in relation to other mobility solutions, with travel distance/comfort 
and environmental impact as criteria.  
 

 
Figure 8.6 Position of MITKA in relation to other mobility solutions 
 
The MITKA project was not introduced on the market, but proved that there is a sustainable 
solution for short distance travelling, and thereby the MITKA is a source of inspiration for next 
projects that are described in the next section. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure xxx 
 
(Source: Vision on sustainable product innovation, Kathalys, September 2001) 
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8.3.2. New Mobility Concepts 
Since 2001 several new mobility concepts are developed. To show the possibilities of new 
technologies in this field, three different projects are shortly discussed. 
  
LUBA 
At the Delft Design Institute (DDI) a mobility concept is developed called LUBA (see figure 8.7). 
The LUBA distinguishes itself from the MITKA because it is a covered tandem vehicle that is 
driven by a hybrid engine with ‘regenerative braking’. The hybrid engine exists of a diesel engine 
and 3 ‘in-wheel-electro-engines’, the ‘in-wheel-engines’ can be controlled individually which 
makes the vehicle more stable when accelerating or braking. In the future it would be optimal to 
replace the diesel engine for a fuel cell, but because the fuel cell technology is still in 
development, a diesel engine is the at the moment the most feasible option.  
The LUBA will be controlled with a drive-by-wire system, this means that the direct mechanical 
control system of braking, steering etc. of the machine will be replaced by a electric system. A 
few advantages are that you eliminate all hydraulic liquids that are used in the conventional 
mechanic systems, you can eliminate the huge ABS-system, you don’t need steering support 
pomp, a braking support pomp is unnecessary etc. This will result in less material use and a 
weight reduction.  
To improve the driving characteristics the LUBA uses a special suspension-system that allows 
the LUBA to turn-over in corners.  
The LUBA has a individualistic character and is therefore an answer on the individualistic 
character of the European society. But due to her compactness and the communicative character 
of the LUBA she also contributes to a collective self-awareness. The aesthetics of the LUBA 
contribute to an elegant, sportive and an aware character that allows the user to distinguish and 
manifest him/her self.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure xxx 
 
Figure 8.7: LUBA Mobility concept 
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LINK 
LINK is a mobility solution designed by Satish Beella at DfS and DDI at TU Delft, which uses a 
renewable energy source that is clean, quiet and small (see figure 8.8). For this design, batteries 
are used but maybe in the future when the fuel cell technology is developed further, the batteries 
can be replaced by a fuel cell. It is possible to use the LINK in bicycle lanes, it is portable, safe to 
use, suitable to use for a large target group and gives opportunity to social interaction while 
travelling.  
The designs forms a link in efficient mobility chains. For instance, it can encourage car drivers to 
park their cars outside of the city and uses the LINK to access the city centre. Another example; it 
also can function as portable transport that you use to get from your house to the train station, 
here you  fold-in the LINK and take is with you in the train. Once arrived at your destination 
station you unfold the LINK again and use it to get to your work, 2 kilometres from the station.  
As a secondary function, LINK can be used as a independent vehicle, offering transport over 
short distances, for instance during the working day.  
The topology and aesthetics of the product give the LINK a strong product identity.  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.8 LINK mobility concept 
 

 

FHybrid 
A scooter that does not make noise nor emit harmful exhaust fumes – this was the research 
result of Crijn Bouman's graduation project at the faculty of Indutrial Design of TU Delft. Bouman, 
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an Industrial Design Engineering student at TU Delft, developed a working prototype of the 
‘FHybrid’ scooter, which can be powered by hydrogen. The FHybrid's complete drive system and 
energy management system were built by Epyon, a TU Delft spin-off company, of which Bouman 
is one of the founders, and in partnership with the Delft Design Institute of Delft University of 
Technology. 

Bouman's FHybird is environmentally friendly (no exhaust fumes and no noise) and during test-
drives performed as well as a normal 'petrol scooter'. The FHybird scooter has a top speed of 65 
km/ph and can travel approximately 200 km on a full tank of hydrogen. Moreover, the scooter's 
acceleration is superior to that of a standard 'petrol scooter'. A special feature of this scooter is its 
ability to drive (slowly) in reverse.   
The FHybrid was designed to be hydrogen-powered, but for now the prototype is powered by 
batteries, with the help of a special fuel-cell simulator that was specially designed for this project. 
"A special course and various permits are required to build a hydrogen-powered engine. It wasn't 
possible to achieve this during the time period of my graduation project," Crijn Bouman explained. 
"The faculty is now trying to assemble all the necessary means to fully develop the hydrogen-
powered scooter."  

  

Figure 8.9 FHybrid prototype 

The FHybrid is the first front-wheel driven hydrogen-powered scooter. The scooter has an electric 
engine that mainly derives its power from a  (Li-ion) battery. This battery (primarily when the 
scooter is stationary) is charged by a compact fuel-cell system, which derives its energy from 
hydrogen (from a tank) and oxygen (from the air). The battery moreover stores up energy when 
the scooter brakes. Depending on the amount of traffic, this so-called regenerating braking 
system reduces the hydrogen consumption by 10-20 percent. 

Bouman has equipped the scooter with a traffic assistant, which enables the scooter's electric 
engine to be very precisely controlled when travelling at low speeds. The external design of the 
FHybrid is also very different from that of a standard scooter design. 
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8.4. D4S New Product Development: Photovoltaic Lantern, Kamworks, Cambodia 

 
Company & Stakeholders 
This TU Delft graduation project is carried out with Ecofys, a Dutch consultancy firm specialized 
in sustainable energy solutions, and Kamworks, a starting solar company in Cambodia founded 
by the Dutch charity foundation Pico Sol. The project covers the total design phase from market 
analysis to prototyping of the final product.  
 
Problem 
About 90% of the Cambodian households have no access to a secure electricity infrastructure for 
reliable lighting. Many of them live below the poverty line of less than 1$ per day. Providing these 
people modern electric lighting is a small but important step to overcome their impoverished 
situation.  
Cambodia faces another problem. The wages are low and 60% of the population is 20 years or 
younger. Creating jobs for these people is a major economic challenge.  
Cambodia also has opportunities. The country receives on daily base over 5 full solar hours, with 
a balanced distribution over the year, making it one of the sunniest countries in the world. 
Kamworks considers Cambodia’s problems and solar resources as an opportunity for local 
production of solar lighting products that fit to the purchase power of rural households. After a first 
analysis and development of an adjusted solar lantern, Kamworks contacted the Delft faculty of 
Industrial Design Engineering to develop a solar lighting product. About 55% of the households in 
Cambodia use car batteries as electricity storage to power a television and lighting. People spend 
between 40 and 70 dollar per year on charging these car batteries. Batteries are charged in a sub 
optimal way, resulting in a lifetime reduction by more then 50%. Most of the people use a fuel 
lamp to meet their lighting needs. They use it as a mobile light for several purposes in and 
outside the house (figure 8.10). At rainy or windy situations, it cannot be used. The light is not 
very bright and uses expensive kerosene. Most of the people spend at least $2 on monthly base 
on kerosene. 
 

   
 
Goals 
Design a lighting product for people living in the rural areas of Cambodia, that fits to Kamworks’s 
five basic statements of belief:  

- Affordable for the target group; 
- Producible locally, with appropriate technology; 

Figure 8.10: People use the fuel lamp to sell commodities 
from improvised shops under their house to earn money 

at night. 
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- Desirable, fitting to people’s needs; 
- Sustainable, regarding to the environment; 
- Durable, regarding the quality.  
 

The product should be an affordable high quality solar lantern that meets the needs of the people 
in the rural areas. It should provide ambient lighting to execute the tasks people carry out at night, 
like cooking, eating, going to toilet, etc.  
For shop owners this light is necessary to get income. The light makes people aware that they 
are opened at night. 
 
Process 
Conducting a field research at the rural areas of Cambodia identified the needs and requirements 
for solar powered lighting products. Observing and interviewing these people helped to 
understand the current situation on lighting and electrification, and helped to identify the 
problems. First the present situation on electricity and lighting is analysed to identify the needs of 
the end user. Observations and 18 interviews are conducted with randomly selected households 
in the Battambang province. This resembles the rural area of Cambodia. Second the solar market 
is explored by visiting solar companies. The distribution of solar powered product has been 
investigated by conducting a market survey under 11 battery and electronic product retailers. 
Third the production possibilities are investigated by visiting several producing companies that 
could be of importance. All these investigations result in a Product-Market-Combination (PMC); a 
quality mobile lantern has been chosen for further elaboration.  
The quality mobile lantern, is the most logical and promising PMC. It fits with the strategy of 

Kamworks and there is an indicated need for this kind of product. During the research people 

showed willingness to pay $50. Also the price can compete with current electric in-house lighting. 

Also the production technology fits with the belief to produce the product by themselves in 

Cambodia. People have indicated that a quality mobile solar lantern would be a suitable 

replacement for the fixed light. Especially for the people that live far from the battery retailers.  

The next step in the process is a technical analysis that includes; benchmarking, lighting 
requirements and investigation of needed system components. Examples of questions that need 
to be answered: 

- What is the minimum amount of required lumen? 
- What kind of solar panel, battery, lamp etc. fit best? 
- How many hours must the lantern produce light? 
- Which aesthetics are preferred? 

The technical analysis resulted in a list of requirements to design the new product. The next step 
is concept development. With the list of requirements concepts are generated see figure 8.11), 
the best concept is taken further into the next phase; optimisation of chosen concept. 
 

  
Figure 8.11, concept development 
 
In the optimisation phase the concept is further developed, some special focus points are; 
aesthetics (the product handle shape resembles the shape of the national symbol ANKOR WAT, 
see figure 8.12 ), user friendliness, used materials, production characteristics, mechanical 
characteristics and assembly aspects.    
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Figure 8.12: SOLantern, background: Ankor Wat Temple 
 
The concept is well elaborated and the vacuum form technology is well explored. The possibilities 
of vacuum forming have been used to give the product appeal and stiffness. In the next step the 
final product design, the SOLantern, is presented.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Carry Handle 

Battery Cap 

Transparent cap 

Carry handle 
Positioning 
screw  

Operatin
g  
display 

Reflector 

3W CFL 

150 mm 

215 
mm 

Solar 
panel 
4.5Wp 

 



 

 123 

 
 
 
Figure 8.13: SOLantern with solar panel 
 
The product will fit to an international standard (“PV-GAP”) to encourage quality solar products for 
the world market. The final result of the project is a operating prototype that will be used for a 
profound market evaluation of the product in Cambodia. 
 
 
Results 
The SOLantern is a solution for the most important needs of the people living in the rural areas of 
Cambodia. The design fits almost all Kamworks’ statements of belief:  
The SOlantern is estimated to be sold for US$62,  this is higher then is indicated by the target 
group, US$50.  
The body of the SOLantern can be totally produced with use of basic production technology in 
Cambodia. The SOLantern is made out of two plastic caps. Both caps are produced with vacuum 
forming technology, this is a basic production technology suitable for the context of Cambodia. 
The SOLantern is a solar powered lamp (see figure 8.13) that meets the indicated requirements; 
the lamp offers different types of light depending on the situation by means of a removable 
reflector (see figure 8.14). It offers a higher directional light output, without the need of additional 
power. Saving on power output is an important issue for solar powered products. Especially when 
the product should be affordable for people living in a developing country. Because of the product 
functionality, the SOLantern has added value compared to the competitive products. This can be 
concluded from the evaluation of the 3-D model in Cambodia. 
Solar power is a clean and durable solution to generate electricity needed for quality light. As far 
as possible a compromise is made between sustainability and affordability. The SOLantern is 
designed to meet the requirements of the international standard PV-GAP. This standard 
guarantees a quality level for solar powered products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.14 SOLatern with multi-purpose reflector 
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8.5. D4S Product-Service System: Call-a-Bike a professional bike rental system, 

Germany    
 
Company & Stakeholders 
The call-a-bike system was originally conceived by an independent company in Munich, where 
the system was initiated in April 2000 which was acquired by Deutsch Bahn (train Transportation 
Company) and was spread over other German cities, such as Frankfurt and Munich.  
Deutsche Bahn AG aims to be not only a pure transport company, but also to provide added 
value mobility services to its customers. In the area of passenger transport, the railway company 
has the intention to organise entire mobility chains, offering a full door-to-door service from a one-
stop.  
 

 
Figure 8.15, bikes in use 
 
Problem 
Recent thinking has focused on “dematerializing” the economy—reducing the material flows in 
production and consumption; creating products and services that provide consumers with the 
same level of performance, but with an inherently lower environmental burden. Several authors 
have proposed the concept of product-services—providing utility to consumers through the use of 
services rather than products—as a possible example of a strategy for dematerialisation and a 
possible answer to the sustainability challenge.  
 
One of the most important components of sustainability on an urban scale is the need for an 
efficient public transportation system, which provides enough convenience that, combined with 
walking, can be more desirable for residents to use over driving a car. Vehicular traffic congestion 
is one of the greatest challenges for cities around the world.  
 
Establishing an additional transportation system would be extremely useful to the cities overall 
simplicity for non-drivers. With minimal costs and infrastructural changes, a bike-sharing program 
could provide a network for those short-distance trips that are just beyond efficient walking 
distances as well as link up with the existing transportation system. A Public Use Bike (PUB) is a 
bicycle that one may use in order to meet their transportation needs in an environmentally sound 
manner. One would use a PUB to reach their destination and then leave the PUB at that location 
for another to use. The theory is that with a few hundred or thousand PUBs on the street, there 
should always be a PUB available to use. This idea has been successful in many cities, though 
the advancement of the system has not reached its full potential, as certain computerized 
technology is continually advancing and becoming more affordable. 
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Goals 
The key objective of the Call a Bike scheme is to offer the railway customers an unidirectional 
easy-to-use mobility service in order to ensure a seamless journey to their final destination, 
without being dependent on the private car. 
The economic desired goal is that this project in the long term be self financed, without 
accounting the increase in train users.  
 
Process 
Call a Bike, now owned by Deutsche Bahn AG, is a public mobility service system that leases 
bikes to users on a per minute basis (see figure 8.15). Registered users can hire and return one 
of the specially designed CallBikes at any major crossroads, simply by making a telephone call. 
Bikes can be hired 24 hours a day in Munich, Frankfurt or Berlin.  
Each CallBike is protected by an electronic lock that can be opened with a numerical code, 
obtained by dialling the telephone number printed on the lock 9see figure 8.16). A blinking green 
light on the lock indicates that the bike is available for hire. Bikes can be returned at any major 
crossing in the town centre by locking them to a fixed object and calling the Call a Bike service 
centre, quoting the code displayed on the lock and informing them of the bike’s location.  
The standard rate for Call a Bike is 6 Cents per minute with a maximum charge of EUR 15.00 for 
24 hours of use. After 24 hours have elapsed, the 6 Cent per minute charge is reinstated. 
Charging begins from the time of the initial hiring call to the return call. Bikes can be hired for 
seven consecutive days for the price of four.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.16, Call-a-bikes’ special lock system 
 
Results 
DB Rent sees the Call a Bike project as a break-even and not as a project, which will bring profit 
in the short term. However, it is expected, that by offering the railway customers innovative door-
to-door mobility solutions, more people can be attracted by using the train in combination with the 
car or bike. When the offers of innovative mobility solutions, like Call a Bike or DB car sharing in 
combination with the use of public transport will become more established, it is likely this will in 
the long term lead to an increase of customers for public transport 
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Main environmental benefits: 

•  By allowing the modern traveller to use a convenient bike rental system in all major 
German cities, the amount of inner city car traffic can be reduced drastically, improving 
traffic flow, reducing air pollution and presenting immediate health benefits for those 
using the bikes and living in the city.  

 
Other benefits (economy, social): 

• The market success of the concept shows that there is a broad consumer acceptance. 
Within the first three months of the concept’s introduction in Munich, 30,000 consumers 
had joined the bike sharing system. 

• The project began to be developed in 1996, creating 100 new jobs. After its April 2000 
launch, the first profit was expected in July 2001. 

• Thanks to an extended car-sharing, "Call a Bike" and parking service offering, Deutsche 
Bahn increases, between 2000 and 2005, its customer numbers.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 


