
1. Energy and the envi-
ronment

Can a product design be made ‘sustainable’? To answer
this question one has to go back to the origin of
Sustainable Product Design. In the drive towards
Sustainable Product Design, a good balance has to be
found between sustainability, functionality and the user
context. To accomplish this, the designer should be
aware of the environment and incorporate  ongoing
trends. On of these new (technology) trends is the
application of Sustainable Energy technologies.

1.1 What are the general
environmental and social
problems in connection to
energy consumption?

11..11..11 EEnneerrggyy sscceennaarriiooss//ssttaattiissttiiccss

World energy production rose 42% between 1980 and
2000 and will grow 150-230% by 2050. Renewable
resources like solar and wind account for only 11,5% of
current consumption.

The Western world consumes much more energy
per capita than do developing countries. For example
the electricity consumption per capita:

It can be observed almost a factor of 30 in difference
in use of electricity between the high and the low-
income countries.

SSuussttaaiinnaabbllee EEnneerrggyy
TTeecchhnnoollooggiieessMODULE I
JJ..CC.. DDiieehhll && AAnnaa MMeessttrree

Table 1 ___  Electricity consumption per capita (World Resource Institute)
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11..11..22 EEnneerrggyy ccoonnssuummppttiioonn aanndd CCOO22

CO2 production and the amount of energy consump-
tion per capita is the main problem in developed coun-
tries.

11..11..33 EEnneerrggyy CCoonnssuummppttiioonn iinn
DDeevveellooppiinngg CCoouunnttrriieess:: PPrroobblleemm
FFuueell wwoooodd

With a lack of access to fossil fuels and sustainable
renewable energy resources, the people in developing
countries use a serious amount of fuel wood for cook-
ing and heating. This one of the main energy related
problems in developing countries.

Fuelwood, charcoal, and other wood-derived fuels
(collectively known as woodfuels) are the world’s most
important form of nonfossil energy. Production and

consumption are concentrated in low-income coun-
tries, with five countries — Brazil, China, India,
Indonesia, and Nigeria — accounting for about 50 per-
cent of the total.

1.2 The need for energy and
the relation to products.

The world is facing a continuous increase in use of
energy consuming products. Therefore, one of the hot
topicsnow and in the future will be how to optimize the
electrical power consumption of these products. At this
moment electrical energy is obtained from the mains,
primary and secondary or rechargeable batteries. 

The exploding
portable products market
shows a trend in the con-
sumer and professional
market towards increas-
ing mobility. In all these
products, rechargeable
energy storage media play
an important role. So
there is a demand to
recharge these storage
media anywhere at any-
time, not to be limited by
the availability of a mains socket. Many consumer elec-
tronics products nowadays function on low voltage DC
(8-20V) instead of the 220 (or 110) V AC. This has lead
to an increase use of batteries and adaptors. 

To cope with these trends, it is a logical step to com-
bine the energy storage media with a recharger pow-
ered by a mobile energy converter, i.e. photovoltaic (PV)
cells.

11..22..11 EEnneerrggyy uussee dduurriinngg tthhee lliiffee
ccyyccllee

1.3 What is renewable energy

Renewable Energy (RE) technologies like Biomass-
Installations, Hydro-Power and Wind-Energy have their
application often on a system level. Other RE technolo-
gies like Photo Voltaic (PV), Human Power (HP) and Fuel
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FIGURE 1 ___  Tons of Carbon per Capita. Source
http://earthtrends.wri.org/

FIGURE 2 ___  The impact of use of fuel wood Source
http://earthtrends.wri.org/
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Cells (FC) are also being applied on a product(-system)
level. This paragraph will describe in short the techno-
logical aspects and the potential benefits & disadvan-
tages of PV, FC and HP in product(-system) applications.

11..33..11 WWhheenn iiss aann eenneerrggyy rreessoouurrccee
ssuussttaaiinnaabbllee??

The application of RE technologies like PV cells, FC and
HP  might be a more sustainable alternative. The appli-
cation of these new energy technologies into product
design is moving from an experimental phase towards a
discipline in Industrial Design. At this point structural
knowledge regarding identifying and integrating of
renewable energy technologies into products is needed
for both technology developers as well as industrial
designers.
> Renewable
> Low emission (CO2)
> Efficiency
> The total life cycle 

11..33..22 WWhhaatt aarree tthhee nneeww eemmeerrggiinngg
ssuussttaaiinnaabbllee tteecchhnnoollooggiieess ooff iinnttee --
rreesstt ffoorr pprroodduucctt ddeevveellooppmmeenntt??

RE  technologies like:
> Wind
> Solar
> Bio-mass
> Solar: PV and heating
> Human power
> Fuel cells

RE systems can be distinguished into grid-linked sys-
tems and stand-alone systems. In the case of a grid-linked
system there is a connection between the RE system
and the local electricity network. They can therefore be
used to meet part of the immediatly needed electricity,
or can export power to the networks at moments
when the local need is low. Stand-alone systems are
independent of the local electricity network. These sys-
tems are often used in areas without a local electricity
distribution net or to make a product independent of
the electricity project (like in the case of portable prod-
ucts). Within our research we focus on the stand-alone
applications of RE  systems.

11..33..33 HHuummaann PPoowweerr ((HHPP))

HP, as the name implies, uses the (physical) energy of the
user to support the (electronic) function of the prod-
uct. There are two ways of generating electricity by
means of human interaction: thermal (only low wattage)
and physical. The physical human power of the users can
be transferred by piezo technologies (0-0,5 Watt), linear
(0,5-5 Watt) and rotation (0,5 –50 Watt) induction into
electricity. This can be done e.g. by pushing, shaking,
pulling, turning a part of the product which is connect-
ed to the electricity generating technology. The amount
of produced energy depends on the power, frequency
and period of the movements of the user and the effi-
ciency of the applied energy conversion technology.
Often the generated energy is stored between the
energy generation and use in rechargeable batteries,
capacitors or mechanical storage systems like springs
and fly-wheels. 

To make use of the HP, an interaction between the
user and the product is needed. This interaction can
take place in different manners:

1> The human power is integrated in the normal use
of the product. For example a piezo element could be
integrated in the keys of a keyboard of a laptop. By using
the product it will create its own needed electricity. This
is the most ideal situation.
2> En-passant movements of the user create energy
for the use of the product. For example some watches
use the kinetic energy of the natural movement of the
arm to charge the watch batteries. 
3> Additional movements like turning a crank is need-
ed to power the products. This is the case in most HP-
products. 

With HP technologies only a limited amount of
energy can be produced up to around 50 watt. This
makes the technology more suitable for low-energy
consuming products. Also should be taken into consid-
eration that the operations needed to create the HP-
energy should not conflict with the normal use of the
product. 
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11..33..44 PPhhoottoo--VVoollttaaiicc TTeecchhnnoollooggyy ((PPVV))

Solar Power is produced by the conversion of sunlight
into DC (Direct Current) electrical power using PV
cells. PV cells are modular and light, have no moving
parts, have no direct impact on the environment, and
require only minimal maintenance. They therefore offer
many potential advantages compared with more con-
ventional power generation systems, including easy
installation, long life and durability and low operating
costs. PV cells were originally developed in 1970s, at the
time they were expensive and quite inefficient. Since
then, PV technology has been further developed to
improve the efficiency and to reduce costs. During the
last decade an efficiency increase of PV cells from 4% to
16% has been achieved. Nowadays, three main types of
PV cells are available:

> Monocrystalline Silicon PV cells are made from a
single, continuous crystal lattice structure. These cells
are complicated and relatively expensive to manufac-
ture, with a typical conversion efficiency of 12-15%.
> Multicrystalline Silicon PV cells are cast from
molten silicon obtained, using many different lattices of
Monocrystalline Silicon. The manufacturing process is
simple and quite cheap. The average conversion efficien-
cy is lower (11-14%) compared to Monocrystalline PV
cells.
> Amorphous Silicon PV cells use a homogeneous
layer of silicon atoms rather a crystal structure. They
absorb light more efficiently than crystalline silicon and
can be deposited as a thin film on a rigid or flexible
structure. They are cheaper to produce than crystalline
silicon cells, however, the average conversion efficiency
is lower, around 6-7%.

The efficiency of amorphous silicon cells is significant
lower than the efficiency of monocrystalline silicon cells
(7% versus 15%). To produce the same amount of energy
with amorphous silicon, twice as big a surface of PV
cells is needed. This is the reason that these cells are
primarily used in low power equipment like watches or
as fascade elements (in buildings where a big area is
available). On the other hand, Amorphous Silicon has
the potencial to function better at lower light intensities
and to be less sensitive to temperature variances. These
PV cells also can produce useful quantities of power in
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Figure 3 ___  Examples of Human Powered Rotation
Induction Technologies.

Figure 4 __ Examples of Monocrystalline Silicon cell,
Multicrystalline Silicon cell, Amorphous Silicon

cell, a PV panel and flexible PV-cells.
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less than ideal conditions such as cloudy weather or
indoors.

Photovoltaic technology continues to develop rapid-
ly, and several alternatives to silicon are already under
development. These include Gallium Arsenide (GaAs),
Cadmium Telluride (CdTe) and Copper Indium
Diselenide (CIS). PV cells made from these new materi-
als could be manufactured in the near future more
cheaply than Crystalline Silicon cells and are more effi-
cient than Amorphous Silicon cells.

Each crystalline silicon PV cell generates around 0.6
V and cells are combined in series and in parallel to
make modules to meet the higher power and voltage
demands of typical applications. A typical module may
produce 50 W of power at 24 V (DC). The output from
a PV module varies depending on the amount of inci-
dent light and other factors such as temperature and
the cleanliness of the cell surface. Modules are rated in
terms of their peak output (peak Watts or Wp), which
is the maximum power that they will produce given
optimum solar input and operating conditions. The aver-
age power produced will be closer to the rated (peak)
output in locations where there is a high level of inci-
dental radiation during the year like for example in
South European countries. 

“Thin Film“ technologies have made it possible to
make PV-cells flexible (see fig 4). These Amorphous cells
hold a niche position in lower than 50 W appliances and
in  consumer electronics. Often they exist of multi junc-
tion cells, several amorphous layers on top of each
other. Each layer is sensitive to a specific part of the light
spectrum and the efficiencies of these multi junction
cells are higher. These cells are also suitable for different
kinds of light like indoor and outdoor light.

It is difficult to estimate the general cost for all type
of PV cells applications. However, considering the new
technologies under development which will use less
material and energy in production (dematerialization)
and are becoming at the same time lighter and more
efficient, the costs of energy produced by PV cells will
become lower. 

From this introduction to the PV technologies
presently available, one can conclude that the appropri-
ate type of PV cells to be used in design depends on  the
type of use (intensity) by the product-user and the con-
textual influences like light intensity, environment tem-

perature and indoor/outdoor light.

11..33..55 FFuueell CCeellllss TTeecchhnnoollooggyy

Over the last ten years, there has been a huge global
effort to develop fuel cells. Originally driven by the
prospect of improved electrical efficiency and of
improving air quality in urban and indoor environments,
fuel cells are now seen as an important potential option
for improving the sustainability of energy consumption,
reducing emissions of greenhouse gases and reducing
emissions in energy use in sectors like transport or
portable electronic products.

Fuel cells are electrochemical devices similar, in prin-
ciple, to primary batteries, except that the fuel and oxi-
dant (e.g. hydrogen and oxygen) are stored externally;
they produce both electricity and heat directly.
Individual fuel cells typically generate a DC voltage of
0.7-0.8 volts and a power output of a few tens or hun-
dreds of watts. Cells are assembled in modules known
as stacks to provide larger voltage and current. There
are several types of fuel cells with their specific charac-
teristics, in different stages of development  categorised
according to their electrolyte and operating tempera-
ture.

In the high temperature range (600-800˚ Celsius)
Solid Oxide Fuel Cells (SOFC), and Molten Carbonate
Fuel Cells (MCFC) have a very high efficiency (55-70%),
and are mainly used for stationary electricity genera-
tion. In the low temperature range (80-200˚ Celsius)
Proton Exchange Membrane (PEM FC) and Direct
Methanol Fuel Cell (DMFC) are the most promising. 

Fuel cells have a typical electric efficiency from 40%
to 50% and 70% to 80% of the global efficiency of co-
generation insulations or combined cycle with really
good results in environmental standards: low emissions
of NOx, no emissions of SOx, low emissions of CO2
and low noise.

The flexibility in the type of fuel in use is an added
value of this technology, being possible (depending on
the type of fuel cell) to use hydrogen, natural gas, coal,
ethanol, biogas and diesel. The challenge is, of course, to
use a sustainable type of fuel. Because of this acceptance
of different types of fuel from different non-and renew-
able resources, fuel cells can became the ideal solution
to switch from a fossil fuel economy to a widespread
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use of sustainable and renewable resources as hydro-
gen. Fuel cells have,  to overcome the economical hand-
icap to became more competitive than  solutions that
are presently available in the market. 

In the last years, according to the characteristics of
for example the PEM fuel cells opportunities of Fuel
Cells applications with low and medium power ranges
like (consumer) products have been explored. However
,bigger range power uses like automotive industry have
spurred  interest in use of PEM FC as an alternative for
the conventional combustion engine. One of the specif-
ic qualities of fuel cells is the high energy density com-
pared to other conventional energy technologies.

11..33..66 CChhaarraacctteerriissttiiccss ooff RREE tteecchh--
nnoollooggiieess

Each of the three described RE technologies have their
own advantages and disadvantages for their application
in product -systems. It depends of course on the specif-
ic application if the RE technology has an added value or
not. However, in general, we can make some remarks on
the characteristics of RE technologies in relation to
product -systems. 

11..33..77 SSttoorraaggee mmeeddiiaa

Batteries are at present the most common media for
storing electrical energy. Two types can be distinguished:
primary or non rechargeable and secondary or recharge-
able. Commercially available rechargeable batteries are:
NiCd, NiMH and Li-Ion batteries (Stibat, 2003).

Another less common medium for electrical energy

storage is the capacitor. This solution is used, for exam-
ple, in calculators and endoscopic robot capsule
(Norika, 2003).  Capacitors exist in various sizes (from
a few pF up to 1 F). In the last years special energy stor-
ing ‘super’ capacitors have been developed which can
store up to several hundred farads.

The difference between batteries and capacitors con-
cerns both their charge and discharge characteristics.

1.4 Current applications of
Renewable Energy Systems

A serious amount of RE product-system applications
have been collected in order to learn from earlier expe-
riences and problems encountered with the application
of RE.  

These applications can be separated into 4 cate-
gories: 
> Existing product designs with an “added” RE source;
> Redesign of existing products with “integrated” RE
source;
> New products based upon RE technologies and
> New product-systems based upon RE technologies.
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Figure 5 ___  A Fuel Cell, its working principles and a stack existing of a series of PV-cells.

Figure 6 ___ 
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Within the next paragraphs these four categories
will be described and will be illustrated by product

examples. The PV applications will be described in more
detail followed by HP and FC application in short. In
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Table 2 ___  Characteristics of HP, PV and FC
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general the following main findings could be made on
the observation of “non-successful” integration of
Renewable Energy sources in products: 
> There is not always an added value for the user cre-
ated by the RE technology (compared to conventional
energy sources).
> There is no match between the generated energy by
the RE technology and the consumed energy by the
product.
> PV-technology is not properly integrated into the
product design resulting in an unattractive product aes-
thetics.
> There is no insight into the environmental impact or
benefits of the PV-technology in the new function.

11..44..11 PPVV--ppoowweerreedd pprroodduucctt--ssyysstteemmss

Of the three presented RE technologies, the PV-cells
are the most applied on product(-system) level. During
the last decade the amount of applications of PV-cells
connected to products has rapidly increased . A wide
variety of electronic products are being powered  by
PV-cells, like solar chargers, outdoor lightning, calcula-
tors, gadgets and ticket machines.
1> Existing product designs with an “added” PV
source:
In the case of  a PV-powered weight-scale (see fig. 7) the
PV cells have been “pasted” to the product by adding an
additional surface. The added PV-cell is not integrated in
the total design of the product (neither by shape or
colour) and does not create an essential added value for
the user (the battery normally only has to be replaced
once in 3 years). 
2> Redesign of existing products with “inte-

grated” PV source:
If PV-cells replace another type of energy source in a
product, it is very likely that the product design and the
configuration have to be adapted and optimised for the
new situation. The solar battery pack from Nokia (see
fig. 7) is a product in which the solar cells, despite con-
straint in the size and shape of the battery pack, are
integrated well by choosing transparent plastic and hi-
tech styling for the surface into which the PV cells are
integrated. The added value of this product–technology
combination is clear. However, the problem is the bal-
ance between generated and consumed amount of
energy. Although the PV cell area is small, a sufficient
amount of energy can be produced in a full day of sun
for the proper functioning of the mobile telephone. In
reality, however, the mobile telephone will  most of the
time be away from  sunlight.  The PV-cells characteristics
and positioning are not optimal for the user context
and energy need. 

3> New products based upon PV technologies:
Based upon the characteristics of the new RE technolo-
gies and the needs of the user new PV-powered prod-
ucts are being developed. For example several solar
chargers (see fig. 7) take  advantage of creating energy
everywhere independent from batteries or the electric-
ity grid. The design is often developed around the new
function and technology in shape and colour and is an
appropriate match between the energy generation and
consumption. 

4> New product-systems based upon PV tech-
nologies:
One can observe a rapid increase of low voltage and
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Figure 7 ___  Examples of PV-powered products; weight scale, mobile telephone, PDA and a solar charger for
mobile telephones.
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Direct Current (DC) appliances (like mobile tele-
phones, Discmans etc.) in the household. In order to
power these products the 220 Alternating Current
(AC) has to be converted two times (with efficiency
losses) to the low-voltage DC. Renewable Energy tech-
nology like PV panels produce directly low voltage DC
electricity that make them more  appropriate to power
these kinds of appliances. One of the current solutions
under research is to integrate a PV-powered low volt-
age DC electricity grid in houses to power these prod-
ucts more efficiently and to abandon the need for  adap-
tors. 

11..44..22 HHuummaann PPoowweerreedd PPrroodduuccttss

Human-powered products have existed  for a long time.
Since the introduction of the Freeplay radio in 1996 a
new interest in HP has been created and a range of HP
products have been introduced into the market (see fig.
8) In the case of the first example, a Freeplay wind-up
torch with a metal spring for storage of the energy, one

might question if the HP source is not creating any
inconvenience because of  added weight and largedi-
mensions. In the second example, the technology has
been integrated more elegantly into the product (by
shaking the torch linear induction within the torch will
create energy). Finally several new HP-products have
been developed to charge low power products like
mobile telephones. 

11..44..33 FFuueell CCeellll PPoowweerreedd PPrroodduuccttss

Since the miniaturisation and commercialisation of fuel
cell technology is more recent, the amount of product
examples is much more restricted. Most of the exam-
ples (see fig. 9) are still in an experimental or prototype
stage. This can be seen in  the first example, a PDA
fuelled by a fuel cell. As can be observed easily, the fuel
cell source is big in relation to the product and not inte-
grated in the design. Within the second example, a rac-
ing cart, the fuel cell has been integrated in the design,
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Figure 8 ___  Examples of human-powered products: two torches and a mobile charger.

Figure 9 ___  Examples of FC-powered products; PDA, racing cart and a FC-powered Laptop.
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however it does not yet match the characteristics of
competing technologies like combustion engines. The
last one provides the cart with more speed and accel-
eration power. In the case of the integrated fuel cell
power unit into a laptop the fuel cell technology creates
an interesting added value for the user: because of the
high energy-density of the fuel cell, the user will be able
to work at least the double amount of hours independ-
ent from the electricity grid. 

2. Sustainable Energy
Technology and product
development

RE Technologies might be an interesting alternative.
However, to be sustainable, the technology should have
an added value for user (to make the products attrac-
tive, appropriate and useful) and reduce the environ-
mental impact of the function fulfilment. There are sev-
eral approaches to integrate renewable energy tech-
nologies into product systems. 

Looking at the D4S Lids wheel (fig. 10) and its strate-
gies, one can observe that as a direct continuation, RE
technologies can  contribute to the solution of some of
the biggest impacts of the life cycle of the product, espe-
cially the ones regarding energy use during the use
phase of the product. This is especially a concern relat-
ed to electronic consumer products (e.g. batteries of all
DC products), electric home appliances (e.g. big appli-
ances like a refrigerator), transport and vehicles.

There are several situations than can direct the

design process of a product towards a final product.
Mainly, and not different from other types of products,
electronic consumer products should be designed by
taking into consideration the external criteria of the
product aswell as the internal criteria of the product:
> External criteria as the identification of the needs of
the user (functional, operative, economical, social, psy-
cho-semantic, etc) and the potential consumer market.
Here, the designer identifies his target group. 
> Secondly, Internal criteria for the product are defined;
here all decisions for the final product are fixed, mainly
by the product development team or the designer. In
parallel  the Aesthetics, Ergonomics, Sustainable criterias
are recommended as priority and technological solu-
tions have to be found to power  a specific product.

“How to find the better sustainable technology to potential-
ize the functionality, the correct operation and the utilization
of the product ?

Different kinds of information are needed to find the
answer to this question. However the main intent
should be focused on energy generation and energy

consumption. The following scheme outlines this con-
cept.

Approaching this topic, and depending on the daily
practice of the target group, different methods can be
applied that lead to different types of solutions. We will
introduce the following three approaches:

What are the approaches?

1> Redesign: the first approach, adding or integrating

144

Figure  10___  D4S strategy Wheel (also see chapter

Figure 11 ___  Overview of the energy flows within a
RE-powered product-system
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RE technologies in existing products (to replace batter-
ies or electricity from the main (via adaptors)). In this
the focus is on how to integrate RE technology in the
best possible technical way.

2> New technologies as starting point: the sec-
ond approach is to create total new visions for the inte-
gration of RE technologies in product development.
Here  new sustainable technologies are being consid-
ered from the beginning as a starting point for product
development.

3> Product System Solutions: This third approach
, related to the second is how to design new product-
system solutions in order to find new solutions for the
energy problem within the product.

2.2  Sustainable Energy
Redesign approach

In the case of a redesign approach one should try to
replace non-renewable energy technologies with  RE
technologies. The product and the function that it
should fulfil is already known. An approach for integrat-
ing RE technologies in products in described below:

2.3 Redesign approach for RE
powered product-systems

Based upon experience with the integration of RE tech-
nologies in product-systems and by evaluating other RE-
based products, a checklist for designers has been
developed.  This checklist is meant to support the
designer to understand the energy flows and to select
appropriate RE technology. This is just one way to inte-
grate RE technologies into products. Many other
approaches are suitable depending on the design con-
text and the characteristics of the product.

The Checklist has been split up into 5 steps.

Step 1. Product, user and context identifi-
cation

The starting point of the product development process.
> What are the characteristics and the functions of the

selected product?
> Who will be the user of the product?
> In which context will the product be used? 
Outcome: A general description of the use of the prod-
uct, the user and the context.

Step 2. Energy consumption by product-
user

The goal is to analyse the energy patterns in order to
identify the “energy need” of the product when it is
being used by the user. For some products the energy
patterns are very predictable (a tooth brush will be
used twice a day for 5 minutes), for other products the
use might differ per person per day (like for example a
PC mouse).
> What is the maximum  power used?
> What is the frequency of use of the product indicated
in amount of times per hour/day/week?
> What is duration each time of the use of the product
indicated in minutes per time?
Outcome: Energy pattern of the energy use over time
by the product. 

Step 3. Identifying the appropriate RE-
technology

Based upon the outcome of step 2, the designer can
start to identify a RE-technology that can fulfil the need-
ed energy pattern of the product. There are no strict
guidelines in this step, but the characteristics of the
three technologies as described in table 1 can be used
to select the most relevant RE technology. For example:
> What are the characteristics of the RE-technology
that one is looking for?
> If the average needed energy power is more than 40
Watt than Human Power is not the appropriate tech-
nology.
> If there is a need for a high energy-density than FC will
probably be the appropriate technology.
Outcome: Selection of RE-technology

Step 4. Potential energy generation by
selected RE-technology

After the RE technology has been selected it is neces-
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sary to identify the potential  characteristics of the
technology and energy pattern that could  be generat-
ed. These questions are often more specific for the
selected RE Technology for example:
> What is the maximum power output?
> What is the pattern of the energy output?
> For PV: What is the light intensity? What is the light
source (indoor or outdoor)? What is the efficiency of
the PV-cell? How are the PV-cells positioned? What area
is available for the PV-cell? What are the climate condi-
tions?
> For HP: What is the efficiency of the system? Can the
product be used while creating HP-energy? How often
and for how long is the user willing to create HP ener-
gy?
> For FC: etc.
Outcome: Energy pattern of the energy use over time
by the product.

Step 5. Matching the generated and con-
sumed energy

In order to be in balance, the generated amount of
energy of energy should be at least the same or more
as the consumed amount of energy. By matching the
results of step 2 and 3, design decisions can be made on,
for example, the needed surface of PV-cells, the needed
power of the FC, the appropriate HP technology or the
need for integration of storage components like batteries. 
> Is the total amount of potentially generated the same
or more than the expected need for energy?
> Is the energy being consumed at the same time as it
is being generated? Is there a need for storage?
> If there is a need for storage, what is the most rele-
vant technology? 
Outcome: Specification for the specific type of RE tech-
nology and the need for storage.

EExxaammppllee ooff tthhee iinntteeggrraattiioonn ooff PPVV
tteecchhnnoollooggyy

To illustrate the approach an example of the energy pat-
terns of a toothbrush and mouse based upon PV-tech-
nology will be shown in the underneath figures. 

In step 2 and 4 first a diagram has been drafted of the
energy patterns (see figure 8).  Next they have been

quantified and finally in step 5 they have been matched
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Figure 12 ___  Diagrams of the Energy Consumption
pattern and the Energy Generation of a PV-powered

product

Figure 13 ___  Quantified graphs of the energy genera-
tion and use of a PV-powered toothbrush and mouse
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(see figure 9).
2.4 New sustainable tech-
nologies as starting point

New emerging sustainable energy technologies also can
lead to new product systems. They can create new
opportunities for new products with an added value for
the user and in the meantime reduce the environmen-
tal impact. 

In this case one looks for appropriate products to
apply a new technology to fulfil needs that exist in soci-
ety. Here the focus is to identify a need that can be ful-
filled with RE. Important in this approach is to under-
stand the state of the art of the development of the
new technologies. When will they become commercial-
ly available on the market against what price. In this
approach it is essential to have intensive contact with
the developers of the new technologies and experts in
this field.

2.5 Design for (radical) new
solutions with RE technolo-
gies

Within the  2nd proposed methodology, the user is the cen-
tral point for the design decisions. Within the context of this
approach, the concepts for Sustainable Energy Design
Solutions should match the needs of the user of the 21st

century in three complementary ways:

> First, by creating scenarios of appropriate solu-
tions for the user: flexible product utilization,
independent power and multi-functional small
systems that fulfil  needs,  but of any product, for any
reason, everywhere.
> Secondly, an extensive dissemination by com-
mercialization of these products-systems on com-
mon places. This will bring the user in close connec-
tion with the technology by the proximity to the
technology and by the personal experience of the
technology.
> Thirdly, by designing these product-systems in such a
way that they can provide real solutions for the user
and not just gadget solutions for the moment. These
solutions should be identified in close and/or together
with different universes of users. In this way, for exam-

ple, modular, multi-target oriented solutions can
directed to different optimisations of the use situations.

A method is  proposed here taking in consideration the
Design for (radical) New Solutions. However this method is
just one of many possibilities, and  maybe useful to use, as a
guide for others.

PPhhaassee 11 – UUsseerr oorriieenntteedd DDeessiiggnn 

> Analyze the user’s context (focus group) as support
for the Design options and usability in an active way
close to the user (comprehension of the universe of
experiences of the user) by methods of empiric user
research. It is important that a detaiedl description of
the use of the product, the user and the context of use
should be done.
> The methods for the empiric user research are ses-
sion groups with users, Individual interviews, question-
naires and other creativity tools.
PPhhaassee 22 – UUssee ooff SSuussttaaiinnaabbllee
RReessoouurrcceess aanndd TTeecchhnnoollooggiieess

> Analyze the technological context of the resource in
use. For example, in the context of the vision present-
ed, the Photovoltaic technology will support  the use of
Solar Energy in the products, by understanding the tech-
nology, and finding technical ways to apply in a correct
and optimized way the technology  to the product. This
phase leads to a list of sub-steps that correspond to the
technological requirements for the integration of RE
technologies in consumer Products:

a) Identifying the Energy consumption pattern
by product-user
The goal is to analyse the energy patterns in order to
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Figure 14
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identify the “energy need” of the product when it is
being used by the user. 

b) Identifying the appropriate Sustainable
Energy technology
Based upon the “energy need”,  the designer can start
to identify a Sustainable Energy Technology that can ful-
fil the needed energy pattern of the product. 

c) Potential energy generation by selected
Sustainable Energy technology
After the Sustainable Energy technology has been
selected it is necessary to identify the potential and the
characteristics of the technology and energy pattern
that can be generated. 

d) Matching the generated and consumed ener-
gy
In order to be in balance, the generated amount of
energy of energy should be at least the same or more
than  the consumed amount of energy. By matching the
results of “energy need” and “potential energy genera-
tion”, design decisions can be made for example, the
needed surface of PV-cell.

PPhhaassee 33 – FFiinndd mmaarrkkeettiinngg 
ooppppoorrttuunniittiieess ffoorr tteecchhnnoollooggyy--
--bbaasseedd ssoolluuttiioonnss

> Analyze the market opportunities according to the
different type of created solutions. It is recommended
that the Design of Sustainable Solutions should be
focused on different user groups.  In this way solutions
with the same concept and different characteristics can be
adapted to and appreciated by different users.

Next  a comprehensive study in which three differ-
ent marketing approaches using technological solutions
is presented:

1> Technology oriented Marketing (design only
based on technology)
Here the focus is on the technological aspects of the
product; in this way  the technologically superior values
of the design of the product are  considered.

2> Experiences oriented Marketing (design for

an experience)
In this case, the focus is on the experience that the
product can stimulate in the user. The market strategy
and the resulting Design Solutions dominates the cre-
ation of the experiences that a technology-based prod-
uct can create.

3> Ambiences oriented Marketing (design for
ambience)
Here the focus is on the creation of intelligent environ-
ments, where the technology is incorporated in the envi-
ronment, not visible, but capable of answering the wishes
of the user, generating high levels of comfort. 

Here Design Solutions add to the technological and
experience parameter, a third level that is the generated
stimulation based on the user emotions, wishes and needs.

PPhhaassee 44 – MMaassss DDiisssseemmiinnaattiioonn ooff tthhee
uussee ooff RReenneewwaabbllee EEnneerrggyy RReessoouurrccee 

> This phase leads to an invisible or Meta moment of
the approach. It is not related with the created solution
itself, but with the results that a disseminated utilization
of the product or solution can leads to.

3. Cases

3.1 Developing Countries
Cases  

This case has been taken from the web-site Intermediate
Technology Consultants: http://www.itcltd.com/solar.

GGlloowwssttaarr:: PPVV--ppoowweerreedd llaanntteerrnn
ffoorr AAffrriiccaa

Solar Home Systems of 20-50 Watts are not affordable
for the majority of rural people in Africa, nor in many
countries in Asia and Latin America.  In Kenya, for exam-
ple, 80 % of rural people possess kerosene hurricane
lamps and spend between $3 and $8 per month on
kerosene plus batteries for torches and radios, and can-
dles.  Battery charging is an increasingly common serv-
ice in towns.  For most of these homes a small power
source for lighting using modern compact fluorescent
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lamps, power for a radio and possibly other electronic
appliances would do much to improve living conditions
if it was affordable.

CCoonnssuummeerr rreesseeaarrcchh wwiitthh eexxiissttiinngg
mmooddeellss

While the study demonstrated that there was a real
demand for solar lanterns, customers highlighted a
number of technical shortcomings with all of the prod-
ucts tested. Most of these shortcomings are related to
the poor construction of the lanterns, the quality of
light and the relatively sharp drop off in performance
after a period of months of use. 

The most important features were identified wer e
as follows; Service characteristics; 
> The price of the lantern should be between $75 and
$100 if possible 
> The lantern should provide light for up to 4 hours
each evening. 
> Customers should have access to affordable and read-
ily available spares 
> Customers expect an overall lifetime of the lantern of
6 years
> An indicator to show that lamp is charging, 
> A warning light to show that the lamp is about to switch
off when the battery is low, 
> A power socket to allow a small radio to be connected to
the unit. 

The findings of this initial survey were used to form a

design brief and as a result, the team produced a new
design for a lantern which incorporates all of these fea-
tures.

http://itcltd.com/glowstar/gallery.htm

A crucial component for any rechargeable device is
the battery. The project activities have included research

into available battery technologies to identify a battery
which; has the capacity to store charge sufficient for the
required period of lighting, is suitably robust to with-
stand the heavy duty cycle required for daily charge and
discharge, requires no customer maintenance (also spill
and leak proof), has minimum impact to the environ-
ment if disposed of at the end of its life cycle, could be
manufactured locally in the medium term in developing
countries, and provides a cost effective solution. As a
result a Valve Regulated Lead Acid (VRLA) battery with
a gel electrolyte has been selected as the battery tech-
nology with which to prototype the lantern.

HHooww ddooeess iitt wwoorrkk?? 

The solar lantern kit consists of a Photo-Voltaic panel,
and a lantern containing a high efficiency lamp, a
rechargeable battery and a charge control circuit.  The
concept is a simple one – during daytime, sunlight falling
onto the Photo-Voltaic Panel generates a small electri-
cal voltage. This is used to charge the lantern battery so
that the lamp can provide light during darkness. The
charge control circuit housed within the lantern is the
“brain” of the unit. Not only does it ensure that the bat-
tery is charged and discharged correctly so that it gives
a lifetime of maintenance free service, but it can also
“decide” to give the battery an extra top-up charge if
the panel has gone without its full quota of sunlight for
a few days. Its on-board microprocessor will even store
information (which can be downloaded later after
using) on how the lantern has been used.  This informa-
tion is extremely useful and will help the designers build
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a picture of how customers use their lanterns. This
information will be used to design better lanterns in
future.

A similar project on a solar powered lantern in
Cambodia is described in Chapter 8 (on the web).
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