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ABSTRACT: After the innovation of renewable energy technologies like photovoltaic solar cells, the
diffusion of these technologies into society is of major importance to effect sustainable development.
Technology diffusion is characterised by diffusion networks and product innovation. The interaction
between (a) the organisation of the diffusion network, characterised by four functions, i.e. technology
development, product development, use, and stimulation, and (b) the process of product innovation, is
analysed in the Dutch solar energy sector. More than forty-five actors in this sector were interviewed
about their role in the network, their role in the process of the diffusion of photovoltaic technology, and
their opinion on the role of photovoltaics in a sustainable future. The results of this investigation are given
as a set of strategies for the diffusion of photovoltaic technologies.
KEYWORDS: technology diffusion; photovoltaic technologies; diffusion networks; product innovation.

1. INTRODUCTION
Most people agree on the need for an increase in
the use of renewable energy sources. The growth of
the world population and the growth of the degree
of industrialisation, especially in developing
countries, will lead to an increase in the need for
energy. The use of fossil fuels for energy supply
causes irreversible environmental damage, therefore,
the practice of obtaining energy from fossil fuels
should be decreased. The increase in the need for
energy will exceed the supply of energy obtained by
fossil fuels, therefore, an alternative energy supply,
such as a renewable energy source, is needed. In this
study, we focus primarily on the use of photovoltaic
solar energy as an alternative energy source.
The invention of photovoltaic solar energy
technologies is not enough to realise an increased use
of solar energy. The development of photovoltaic
technologies has expanded enormously as we can
see in the variety of different photovoltaic
technologies existing nowadays; however, these
inventions can not be called successful until they are
implemented in the market. After the innovation of
renewable energy technologies like photovoltaics,
diffusion of these technologies into society is of
major importance to effect the sustainable
development of society.
The study of the diffusion of sustainable energy
technologies, which is the Ph.D. study of the first
author, is an exploration of the way the diffusion of
photovoltaic solar energy technologies can be
steered. The Dutch situation is described in this
paper. The Californian situation is described by
Kruijsen and Bouwmans (1998). Two focal points are

important in this study: the role of diffusion
networks and the role of product innovation. Most of
the approaches for the implementation of new
technologies into product innovations focus only on
the level of an individual firm. The study presented
here, however, also includes the level of the interorganisational network.
In this paper, the theoretical model of technology
diffusion as used in the study is introduced.
Observations made during an empirical study of the
Dutch photovoltaic-sector are presented. A set of
strategies for the diffusion of photovoltaics in the
Dutch situation is given in the last section.

2. TECHNOLOGY DIFFUSION
The central question of the study runs as follows:
How can the diffusion of renewable energy technologies be
steered? In this study we focus primarily on the
diffusion of photovoltaic technologies. We assume
that technology diffusion can be characterised by the
organisation of the diffusion network and the
process of product innovation.
We define technology diffusion as embedding a
new technology into society by dissemination and
application of this technology. Dissemination into
society refers to both the spread of information about
the technology (the software) and the spread of the
physical embodiment of the technology (the
hardware). Dissemination takes place in diffusion
networks: groups of interrelated social units,
individuals or organisations, focused on technology
diffusion. A description of diffusion networks is
given in the next paragraph. Application takes place
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during a product innovation process that is
described in the second half of this section. In this
study we focus on a product as a physical result of a
manufacturing process that performs a specific
function by combining the need for that function
with a technology to fill that need. A product can be
one object or a configuration of objects: a product
system.
Diffusion networks can be characterised by four
types of network functions (Håkansson 1985, Von
Hippel 1998, Lundgren 1995) and by three types of
network strategies (Schot 1991). These two
typologies form the first part of the analysis model of
the study and are used to explain the network
approach of technology diffusion.
The four functions are: technology and product
development, use and stimulation. The configuration
of the diffusion network is given in Figure 1.
Technology development (I) is the function of the
technology developers: the actors in the diffusion
network
who
innovate
new
photovoltaic
technologies and improve existing photovoltaic
technologies. Product development (II) is the
function of the product developers who apply the
photovoltaic technologies when they design,
produce, and/or supply product systems with these
technologies. Use (III) is the function of the users
who use the product systems with the photovoltaic
technologies. The users can be divided into two
groups: grid connected users and non-grid
connected users who use stand-alone photovoltaic
systems; and finally, stimulation (IV) is the function
of the stimulators who support the functioning of the
other three functions in the network. It is very well
possible that an actor, an organisation in the
diffusion network, can perform more than one
function, e.g. a technology developer has a
department for the production of solar cells and also
has a department for the development of solar
systems.
The three strategies are: vary (A), select (B), and
connect (C). The first strategy is based on the
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Figure 1: The diffusion network
principle of developing alternative variations. The
second strategy is based on the principle of changing
the selection environment; and finally the last
strategy is to try to connect the two principles by
influencing the mechanisms that connect variation
and selection.
Product innovation can be characterised by a
typology of the members of the innovation team in
terms of “object-worlds” and by a description of the
innovation process. These form the second part of
the analysis model of the study and are used to
explain the product development approach of
technology diffusion.
Object-worlds
are
worlds
of
technical
specialisation, with their own dialects, systems of
symbols, metaphors and models, instruments and
craft sensitivities (Bucciarelli 1988). Developing new
products can be considered to be a discourse across
different object-worlds (Bucciarelli 1994). The
development of products is part of a larger process:
the innovation process (Roozenburg and Eekels 1995).
The process consists of four phases: policy
formulation, idea finding, strict development, and
realisation (see Figure 2). In the study, we focus on
the first two phases. In both phases, a combination of
an internal and an external investigation is
conducted. In the first phase, the internal
investigation consists of an analysis of the strengths
and weaknesses of the company; in the external
investigation, the external opportunities and threats
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are analysed. Then the internal strengths and the
external opportunities are combined into search
fields. In the second phase, again a combination of an
internal and an external investigation is executed.
Now, the bottlenecks are analysed in more detail and
they are related directly to a specific product idea.
In the study, we consider product innovation to
be the process of combining the needs of the user
with the technological options to supply these needs.
It is here that the relationship with the level of the
diffusion networks becomes clear. The members of
the product development team need to know what
the needs of the user of their product are: the user is
seen as a source of innovation (Von Hippel 1988).
The product development team also needs to know
about the technological options available at the
technology developer: the supplier (in this study: the
technology developer) is then a source of innovation
(Von Hippel 1988). The function technology
development can be performed by the actor who is
the product developer as mentioned before. We
assume that the transfer of knowledge will be
possible when the different object-worlds of the
actors in the diffusion network are open to new
insights, and when the joint pursuit is to obtain a
shared object-world in which the new technology is
implemented.
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Figure 3: The principle of a solar cell
(freely rendered from ECN 1994)
Solar cells can be applied in two types of systems:
stand-alone and grid-connected. Examples of standalone applications are solar home systems for rural
electrification, the use of solar panels in
telecommunications, navigational aids, farming, on
boats and campers, and the use of solar cells in
smaller consumer products such as watches and
calculators. Examples of grid-connected systems are
photovoltaic systems at individual homes, large scale
residential projects, business premises, and schools.

3. THE TECHNOLOGY
A
short
introduction
into
photovoltaic
technology is given in this section. Edmund Bequerel
discovered the photovoltaic effect in 1839, however,
it was not until the early fifties that the first silicon
solar cells were produced. The first successful
application of solar cells was in 1958 when Vanguard
I, the first photovoltaic powered satellite, was
launched. Since those days the efficiency of the cells
has been improved significantly and new types of
solar cells have been invented.
The principle of a solar cell is that of a p-n
junction in a slice of semi-conductive material (see
Figure 3). Upon illumination, charged particles, that
is electron-hole pairs, are generated by the
absorption of photons. The electrons are separated
spatially from the holes by the internal electric field
at the junction. This separation results in a voltage
difference between the front and back electrodes. The
cell can be made to generate power by applying a
load between the electrodes.
Most solar cells are made from silicon. There are
three different types of silicon cells: mono-crystalline,
multi- crystalline and amorphous silicon cells. Other
materials like copper and germanium are also used.
More recently, the principle of triple junction cells
has been developed where three p-n junctions are
put on top of each other to use the different colours
of the incident light.

4. PHOTOVOLTAICS IN THE NETHERLANDS
The Dutch solar energy sector was investigated
as part of the study. The most important actors were
identified for each of the four network functions.
Companies in the Dutch solar energy sector were
interviewed about their role in the network, their
role in the process of the diffusion of photovoltaic
technology, and their opinion on the role of
photovoltaics in a sustainable future. The result of
this investigation was an overview of the different
strategies for the diffusion of photovoltaic
technology in the Netherlands at present.
The
national
research
programme
for
photovoltaic technology was started in 1986 with a
focus on the development of photovoltaic
technologies. Before 1986, photovoltaics only played
a minor role in the first national research programme
on solar energy of 1978. The most recent important
year for photovoltaic technology was 1997 when the
Dutch Ministry of Economic Affairs published its
vision on sustainable energy in “Renewable Energy –
Advancing Power” (EZ 1997). In this document,
photovoltaic technology is considered to be the most
important option for electricity generation for the
foreseeable future. The Netherlands Agency for
Energy and the Environment also wrote a long-range
plan for the development of photovoltaic technology
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in 1997 (Novem 1997). Government and industry
entered into the PV covenant in which they declared
that they would make photovoltaic technologies
competitive as an energy source for the 21st century
(see box 1).
The generation of electrical energy by solar
power in the Netherlands amounts to 4.4MWh/year,
but this is only 0.03% of the total of the Netherlands
electricity generation. The total amount of electricity
generated by renewable energy sources is 0.3%. The
use of biomass to produce electricity has the largest
part in this: 80% [ECN 1997].
The empirical findings for the Dutch solar sector
are given according to the theoretical framework.
Firstly, the observations of the four functions in the
diffusion network are given by describing: the
function in the network, the relations to other
functions in the network, and the network strategies.
The second section combines a description of the
product innovation process and the tools used
during this process.
4.1 Diffusion networks
The technology developers (function I) in the
Netherlands can be divided in two groups of actors.
The first group consists of universities and research
centres. The second group are the manufacturers of
photovoltaic solar energy. The Dutch technology
developers have formed a network in which they
collaborate on improving photovoltaic technology.
Most of the new developments are financed by the
national government.
Observations of the function
• The universities and research centres are focused
on developing the technology of the photovoltaic
cells.
• The universities and research centres invent new
types of technologies and they explore the
possibilities of using different materials. Triple
junction solar cells and organic solar cells are
examples of such new photovoltaic cells.
• The universities and research centres also test the
technology, but only on a small scale.
• The manufacturers focus on the production
technology for producing the photovoltaic cells and
combining these cells into solar panels.
• The producer of crystalline silicon cells was
established more than 15 years ago and is showing
an enormous growth, they want to have a 5% world
market share by 2000.
• The second player in this field is still developing
the production process for amorphous silicon cells,
they will not start their production before 2005.
• The Netherlands are too small to have many big
players in this field. Therefor, a third player in the
manufacturing of photovoltaics has invested in
foreign production capacity.
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• In general, the company size of the
manufacturers can be considered large in
comparison with the product developers, which are
described below.
Observations of the relationships
• The relationship with the product developers in
the diffusion network concerns the application of the
technology in photovoltaic systems. The largest
manufacturer also performs the function of product
development, they are a “system house” and offer
complete photovoltaic systems.
• The biggest markets of the two manufacturers
who already have a production capacity, are in the
developing countries: photovoltaic systems for rural
electrification.
• The relationship with the stimulators in the
network differs with the ‘age’ of the organisation.
Older technology developers have tentacles
throughout the network with governmental bodies
responsible for energy policy, with lobbying
organisations and with environmental groups. Most
of the technology developers are a member of one or
more national or international solar energy
associations.
Network strategies are mainly in the category of
“developing alternative variations” (strategy A).
Manufacturers together with research centres and
universities optimise the efficiency of the cells,
develop new cells, and invest in more efficient
production lines, they all articulate the need for a
stronger development of the market.
The product developers (function II) in the
Netherlands are those actors in the diffusion network
who apply the photovoltaic technologies when they
design, produce, and/or supply product systems
with these technologies.
Observations of the function
• As in California, the size of organisations with a
product development function is much smaller than
those active as technology developers (Kruijsen &
Bouwmans 1998). The smallest is made up of only
one man, the largest about 50.
• Selling renewable energy systems is the main
source of income for most of the product developers.
• The development of photovoltaic product
systems was initiated by a need for independent
energy supply and the fact that there were no such
products available .
• Some of the product developers started with
photovoltaic products that attracted a subsidy from
the Dutch government like drinking installations for
cattle. Other product developers made no use of
subsidies and developed products that were
commercial from the launch, an example of these
kinds of products are systems for navigational aids.
• Most of the product developers are composers of
photovoltaic systems, they design the system
according to the needs of the user. A description of
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the product development process is given in more
detail in the next section.
Observations of the relationships
• Contacts with other functions in the diffusion
network differ from actor to actor. The one man
business really is a one man organisation, he has
contacts but prefers to work alone. At the other end
of the spectrum are the product developers who
operate like a spider in a web, they have contacts
with the technology developers who supply the solar
panels, they have contacts with their clients who are
the users of the photovoltaic systems they design,
and they have contacts with the variety of different
stimulators like governmental bodies, and financing
and lobbying organisations.
• It is quite obvious that the role of the user is of
great importance. In product development projects
where a potential client was not involved, the
product idea did not make it to market introduction.
When the potential client was involved and the
product developer had a clear picture of the need of
this user, the product idea was successfully
introduced to the market (Kruijsen & Bouwmans
1997).
The network strategies of the product developers
can be characterised by both the principle of
“developing alternative variations” (strategy A) and
“changing the selection environment” (strategy B).
Strategies of the first kind are focused on the
development of different variations of photovoltaic
product systems. Product developers operate in a
selection environment. They choose a certain
technology above an alternative technology. When
the selection environment is changed and becomes
more open towards the use of solar energy, the
application of photovoltaic technologies becomes
more easier.
The users (function III) in the Netherlands are
those actors in the diffusion network who use the
product systems working on photovoltaics. The
users can be divided into two groups: grid connected
and non-grid connected users.
Observations of the function
• Grid-connected users are mainly the utility
companies, they install a photovoltaic power station
on the roof of their client’s building: i.e. houses and
business premises.
• Grid-connected users always operate with the
financial aid of subsidies.
• The non-grid users vary from farmers with a
drinking installation for their cattle to gardeners who
have a panel on the roof of their garden house, and
from polder water boards with sluices working on
photovoltaic energy to sailors who have photovoltaic
panels on their deck for electrification.
• The non-grid connected users mostly use
applications without subsidy.
• The professional non-grid connected users use
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photovoltaic systems because of their reliability and
their lack of need for maintenance.
• Most of the non-professional users of non-grid
connected systems are a ‘do-it-your-selfer’ who
install the systems themselves.
• Experience with photovoltaic systems varies
widely among the different users.
Observations of the relationships
• When people buy the system themselves, the
relationship with the product developer is often very
close.
• When people have a system installed by their
utility company, contact with the product developer
goes via the utility company.
• The utilities have close contacts with
governmental bodies, both at municipal and national
levels, to obtain subsidies or other financial help.
• Utilities sometimes have direct contacts with the
technology developers.
• The smaller users like the people who install their
own photovoltaic system, usually do not have direct
contacts with the technology developers.
The network strategy of the user is mainly based
on the role of the selection environment (strategy B),
by using a specific photovoltaic system they exclude
other options. The selection depends on the needs
the system is used for. The role of some of the users
is to demonstrate to other potential users that
photovoltaic systems work and to gain experience
with the scale of use of solar energy.
The stimulators (function IV) in the Netherlands
are those actors in the diffusion network who
support the functioning of the other three functions
in the network, they enable the technology and
product developers to “vary” (strategy A) and the
product developers and the users to “select”
(strategy B). Furthermore, the stimulators stimulate
interaction, the use of interfaces, between the other
three functions in the network: the role of “connect”
(strategy C). Stimulation does not always stimulate
the diffusion of photovoltaic in a positive way.
Sometimes the stimulation has a negative impact,
e.g.
when
legislation
discourages
certain
developments.
Observations of the function
The national research programme on solar
energy was focussed primarily on the innovation of
new photovoltaic technologies. Only recently, after
the Dutch Ministry of Economic Affairs presented
their vision on photovoltaics as the most important
option for electricity generation for the far future, has
there been plans introduced for the implementation
of photovoltaics. We will come back to the issue of
market development in the next section of this paper.
A subdivision of the function of stimulation is
needed to categorise all the different network
strategies of the stimulators:
• Governmental bodies and financing institutions
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provide conditions, which enable other actors in the
diffusion network to “vary” and “select”. Different
programs are set up to take away technical and nontechnical barriers. The strategy “connect” becomes
visible in the function of a broker who brings
different players together. A real Dutch example is
the PV covenant (see box 1).
• Intermediary
organisations
should
pass
information to other actors in the diffusion network,
they should collect information from industry to give
it to (potential) users. They also should collect
information from users and governmental
organisations to give it to the industry. This is
particularly the role of a branch organisation, but the
Dutch branch organisation for solar energy does not
always work as well as possible for the photovoltaic
industry, they played an important role during the
introduction of the solar heating system, but many
actors, both technology and product developers,
complain about the role this organisation played
during the introduction of photovoltaic systems.
• Other organisations are set up to increase the
awareness of solar energy with the public at large,
they foster the development and application of solar
energy through the exchange of information, and
they organise workshops and training sessions,
publish newsletters and fact sheets; in other words,
they inform, influence and involve with regard to an
increased use of solar energy.
Observations of the relationships
In the Netherlands, the stimulators have relations
with all the other functions in the network. This
leads to a wide variety of network strategies. Many
different actors are working hard on the stimulation
of photovoltaic technologies, but sometimes the
work is done twice and therefore co-ordination is
needed. Working along the lines of the Dutch polder
model, actors are not always willing to make a
statement that might offend another actor in the
field. When an existing organisation does not
perform its work properly, nobody wants to offend
them to tell them the truth about their
disfunctioning. Instead, a new organisation is set up
to do the same work, only slightly differently.
4.2 Product Innovation

Box 1: The PV covenant
Th e M inistry of E c onom ic
A ffairs, ener gy
distribu tion c om panies, ph otov oltaic c om panies,
ac tors in th e c onstru c tion prac tic e, a researc h
c entre and th e Neth erlands A genc yfor En ergyand
th e E nv iron m ent c onc lu de a P V c ov enant at A pril
14,1997.It is not onlytec h nologydev elopm ent th at
is on th e agenda, stronger attention paid tow ards
m ark et dev elopm ent sh ou ld enable th ese parties to
realise a c om petitiv e pric e for ph otov oltaic energyin
th e n ext c entu ry.
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The description of the process of product systems
innovation is a summary of the processes of more
than 10 interviewed product developers in The
Netherlands. We will compare it to the process
described in section 2 by describing this process of
the practice of photovoltaic system development,.
The development process starts with an external
analysis. Firstly, the need of the user of the new
photovoltaic system is investigated. The product
developer sometimes uses a worksheet, paper or
computer, to gain insight into the power need of the
client. Usually, the first development step is to
decrease this need. Energy efficiency is an important
point of interest. Secondly, the technological options
available to fulfil the needs of the user are
investigated. When the product developers are not
entirely sure of the technological options, they can
contact a technology developer to acquire more
information about the technological solutions. This
sometimes requires an extra meeting with the client
to discuss different options. Most of the product
developers are very well aware of their internal
strengths, therefore the internal investigation is not
really an issue. The process of designing the
photovoltaic system consists of combining the needs
of the customer and the technological solutions
available. Sometimes, a prototype is made to test the
performance
of
the
photovoltaic
systems.
Improvements are made when necessary, and finally
the photovoltaic system, is put together and
installed.
The people involved in the development process
sometimes have quite different object-worlds with
regards to the new photovoltaic system. During
meetings, these people try to develop a common
language, a common understanding about the new
photovoltaic system and its desired performance.
They have a discourse across their own object-worlds
and develop a new, shared object-world of the new
photovoltaic system.
5. A SET OF STRATEGIES
None of the above mentioned actors are able to
steer the diffusion of photovoltaic technologies on
their own. Therefore, different approaches to the
diffusion process are needed. Based on observations
made in the Netherlands, a set of strategies is
developed for steering the diffusion of photovoltaic
technologies. These strategies focus on the
development of the market for photovoltaics in the
Netherlands as the forgotten dimension with an
extra focus on the input of the user. The strategies
consist of the executive network function and type of
actor, the action this actor should take, and the
network function and type of actor to whom the
action is directed. Most of the strategies focus on
actions for the stimulators at the level of the network
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between organisations. This section is concluded
with an overview of points of interest for the product
developer at the level of product development
within an organisation.
5.1 General
The following strategies and points of interest
concern all the functions in the diffusion network.
The strategies in this subsection are all aimed at
linking the object-worlds of the different actors and
they form an ‘umbrella’ that holds all the other
actions in the following subsections.
• The ‘mantra’ for all the actors in the diffusion
network should be: think solar energy! It is of great
importance to have a clear vision about where to go
and the slogan of the Dutch Agency for Energy and
the Environment gives a good lead: the century of
the sun starts in 2000.
• Operate in networks is the second important
strategy for all the actors. None of the actors
involved is able to stimulate the diffusion of
photovoltaic technologies on their own. Timing is
important to have the right person and the right
idea, at the right place. We will come back to this
issue of making connections in section 5.3.
• To convince actors to participate in the diffusion
network, they need to known why it is in their
interest to participate in a network. Adjusting to local
habits concerns not only the implementation of solar
home systems in developing countries. Learning
from experience gained in such countries it becomes
clear that it is important to take up on existing
patterns of needs, interests and relations.
• Learning is a process that takes time but a
process that is too slow is contra-productive and
restraining for the development of innovative
learners. Learning programmes should be flexible
enough that innovative learners who want to speed
up and go ahead of the troops during a process can
do so.
The Netherlands play an important role in the
world regarding the development of photovoltaic
technologies; however, they should learn from their
experience with wind energy. In the Netherlands, the
focus has been placed on technology development
for too long. Those who provide the subsidies for the
promotion of photovoltaics have had too little
attention for market development. Therefore, the
focus should be placed on implementation of the
technology and market development. Photovoltaics
are being developed in the Netherlands because of
the investments made by the Dutch government but
it takes an extra effort to keep photovoltaics in the
Netherlands.
5.2 Stimuli for the market
Stimulators can play an important role to
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stimulate the market. The following strategies are
meant as incentives to warm up the market and to
simplify the investment in photovoltaic solar energy.
All the strategies are directed at the user.
To stimulate the use of photovoltaic solar energy
in the built environment, the following four
measures can be taken by the government:
• Establish a green mortgage, for example, a 2%
lower interest rate for 10 years when an energy
performance norm is reached.
• Make it obligatory to use photovoltaic solar
energy for new buildings.
• Introduce net-metering to simplify the return of
overcapacity by users with a photovoltaic power
station on the roof of their house or building.
• Municipal governments should take photovoltaic
solar energy into account when they develop zoning
plans.
People are easier to convince when they can see
that a new technology really works. Give people
samples of good working photovoltaic products to
increase the belief in photovoltaic energy. For
example, when someone achieves a reduction in
energy use of 10 %, they will get a free sample of a
photovoltaic product such as a watch.
The above measures are fairly easy to execute. It
will be more difficult to implement measures that
have an impact on the entire electricity market, in all
the surrounding countries of the Netherlands,
electrical heating is quite normal. When the
government promotes the use of electricity above the
use of gas, the use of photovoltaic solar energy
stands a good chance of being introduced.
An other delicate subject is the price of electricity,
because of the strong position of the existing energy
market, the price for electricity generated by using
fossil fuels is low compared to electricity generated
using alternative sources like wind and solar energy.
Preventive cost pricing where the costs of removing
the damaging effects of the emission of CO2 for
example are included in the price of electricity are
still utopian for most countries, even in the
progressive climate of the Netherlands.
5.3 Connections between developers and users
The third network strategy, “connect”, concerns
the connection of the development of alternative
variations and the changing selection environment.
The exchange of knowledge and experiences is
important to increase the process of the diffusion of
photovoltaic technologies. All the network functions
are involved and the initiator differs along the
different functions.
To connect the different functions, the actors
performing the different functions can be asked to
attend a workshop with a specific theme. A theme
might be a specific field of application. An
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intermediary organisation can act as a stimulator and
invite people from the photovoltaic industry and
people who are working in that field of application,
both product developers and users. The follow up
after such workshops is important, projects need to
be defined to develop the product ideas that came up
during the workshop.
Intermediary organisations like innovation
centres function as a broker to secure the exchange of
knowledge. Such organisations have an overview of
the knowledge available at universities and research
centres and they have the contacts within the
industry to know where the knowledge might be
useful. Students can play an important role in the
transfer of the knowledge from the knowledge
centres to the industry.

5.4 Awareness of product developers and users
If you do not know about the possibility of using
photovoltaic solar energy, you are not able to use it.
This shows the importance of a well functioning
promotion organisation. A branche organisation
should organise the photovoltaic industry and
provide product developers, who might be able to
use photovoltaic technology, with information about
the technology, and they can promote the use
photovoltaic solar energy in a broader sense. Other
organisations like the environmental movement can
also provide the public with information about the
use of photovoltaic solar energy, as long as they give
objective and realistic information.
A intermediary organisation like a branche
organisation should operate as an information centre
for small companies who are not able to keep up
with all the new information about photovoltaic
solar energy. This information centre could be
something like an internet plaza for the whole PV
sector. It is not only a passive information supply
that is important, the active supply of information
such as by publishing about photovoltaic solar
energy, is of great importance.
The public at large as well as the industry needs
to be provided with information about photovoltaic
solar energy. A good start can be made by educating
children, they often are more environmental
conscious than their parents. Intermediary
organisations can provide schools with a photovoltaic solar energy kit containing a photovoltaic
panel and a few applications like a small radio or
fan. Other potential users should be enabled to
follow symposiums and training sessions. Special
training material should be developed for the
education of installers, and the internet plaza and
publications described above should also have an
informative function for users.

Sunny developments

5.5 Financial incentives
The Dutch government wants an increase in the
use of photovoltaic solar energy by a factor 10
between 2000 and 2020. In this section we discuss the
possibilities of subsidies as financial incentives to
achieve this goal.
The organisation that is responsible for
distributing the subsidies should be completely
independent from any of the organisations that
apply for subsidy. It should not be possible that the
committee that judges a proposal for subsidy of
organisation X asks the competitor of X for advice
about whether to approve the proposal or not.
The subsidies should be given based on the
innovative nature of the result of the project.
Absolute figures like the amount of saved energy or
the amount of green energy that will be produced,
can restrain developments that lead to new types of
applications of photovoltaic solar energy.
Subsidies should focus on the user: make
photovoltaic solar energy easy and affordable to buy.
These subsidies should decrease over time to
stimulate an independent market after the subsidy is
taken away.
Subsidies should be given to different product
developers who should be forced to test the real
needs in the market regularly during product
development to explore many different fields of
application.

5.6 Product development
An overview of points of interest for the product
developer at the level of product development
within an organisation is given below. The product
developer operates in a diffusion network and the
product developers role in the above mentioned
strategies has already been mentioned. The points of
interest given below are not really strategies but they
give the product developers some leads as to what to
pay attention to during their product development
process.
A photovoltaic design tool needs to be developed
that can be used to guide developers while they are
developing new products that use photovoltaic solar
energy. This tool should give information about
square meters of photovoltaic panels required, costprices, energy pay back time, etc. It should enable
developers to implement the input they get from the
users (the needs) and from technology developers
(the technological solutions) into their new products
or product systems. The following hints can be
included in a photovoltaic design tool:
•
People want photovoltaic solar energy because it
is, in contrast to wind or biomass, visible.
•
People are willing to pay more for a product or
product system when they use this product for fun
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or for their hobby.
•
People are willing to pay more for quality and
the use of photovoltaic solar energy can easily be
seen as high tech and high quality.
•
When people are not able to invest in the
complete photovoltaic system they should be able to
invest in a part of the system at the beginning and
add the other part(s) later, for example, it is possible
only to buy the tiles and add the photovoltaic solar
energy panels later.
•
People buy photovoltaic products because of the
(1) price, because of (2) reliability and only (3)
because of the clean energy.
•
The reduction of the power needed for a product
is a big incentive to use photovoltaic solar energy.
•
Always work closely with your clients because
they know exactly what they want, and only then
they will use the system.
6. TOWARDS A BREAKTHROUGH IN THE USE OF

Sunny developments

above mentioned strategies.
Actors will only succeed in their role when they
have a personal or professional interest in following
the strategy. Therefore, if certain actors need to be
convinced to invest in a strategy, their interest
should be communicated clearly.

PHOTOVOLTAICS

The central conclusion of the study is that a set of
five strategies can be used for steering the diffusion
of photovoltaic technologies. All the four identified
functions in the network need to be present in the
diffusion network because none of the actors
performing one or more functions are able to steer
the diffusion of photovoltaic technologies on their
own, therefore, different approaches to the diffusion
process are needed. The set of strategies is based on
observations made in the Netherlands and focuses
on the development of the market for photovoltaics
in the Netherlands as the forgotten dimension with
an extra focus on the input of the user.
Steering the diffusion of photovoltaic solar
energy can be realised by the following strategies:
• The ‘umbrella’: linking the object-worlds of the
different actors. All the actors should think in solar
energy and operate in networks to extend the Dutch
photovoltaic sector.
• Market stimuli: incentives to warm up the market
and to simplify the investment in photovoltaic solar
energy. All strategies can be performed by
stimulators and are directed at the user.
• Connections between developers and users:
connecting the development of alternative variations
and the changing selection environment. All the
network functions are involved and the initiator
differs along the different functions. Intermediary
organisations can function as a broker to secure the
exchange of knowledge.
• Awareness of product developers and users:
stimulators should provide the public at large as well
as the industry with information about photovoltaic
solar energy.
• Product development: points of interest for
product developers as to what to pay attention to
during their product development process.
Financial incentives are needed to realise the
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