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order to fulfill the targets set [2].Portugal is
considered as „a region with medium to high wave
energy resources and has the technical potential of
implementing 15 GW of Wave Energy (WE)‟ [3].
Therefore, Portugal has set a goal in their NREAP of
250 MW of WE installed capacity in the year 2020.
Along with the implementation WE, Portugal also
strives to build a marine industry in order to achieve a
competitive advantage in this area [4].
Portugal has a long history of development and
experimentation with wave energy since the 70s,
however, WE is still not successfully implemented in
the world nor Portugal. Currently several devices are
being developed and there are high expectations that
costs of the technology will drop in the future and that
the technology will reach the commercial phase [5-6].
In order for WE to be a successful innovation in
Portugal, it is not only necessary to develop a well
functioning technology, but also to develop a well
functioning technological innovation system (TIS)
[7].A Technological Innovation System can be
defined as the set of actors and rules that influence the
speed and direction of technological change in a
specific technological area [8-9].
The TIS approach helps in understanding the
development and diffusion of a renewable energy
technology (RET) as it recognizes the complexity of
innovation and stresses that firms normally do not
innovate in isolation but collaborate with many other
organizations and are also dependent on the actions of
other organizations. These organizations can be other
firms, government bodies, NGO‟s, universities,
intermediary organizations; furthermore firms are also
influenced by institutions which can be defined as the
rules of the game and play a very important role in the
successful development and diffusion of RET.
However, by just focusing on the structure and
components of an innovation system it is not possible
to understand how an innovation system functions,
therefore, the concept of Functions of Innovation
Systems (system functions) will be used to identify
drivers and barriers within the WE TIS. System
functions are a number of key processes that need to
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1. Introduction
The European Union (EU) is confronted with the
problem of an increasing energy demand, large
dependence on fossil fuel imports and climate change.
For this reason, it has set the target to achieve a 20%
renewable energy implementation in the year 2020
[1].In order to achieve this target, each member state
had the task to introduce a National Renewable
Energy Action Plan (NREAP) in which they
elaborated their objectives, policies and measures in
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take place in a TIS in order for the system to grow in
terms of structural elements [7].
By identifying which system functions are present
or missing, drivers and barriers can be identified that
propel or hamper the build up of the WE TIS. The
missing system functions will be used as handholds to
formulate appropriate policy recommendations.
Therefore, the aim of this paper is to identify nontechnical
barriers
and
provide
policy
recommendations in order to accelerate the
development and diffusion of WE in Portugal.
Therefore, the following research question will be:
Which specific policies are needed in
order to build up a well functioning TIS
and an industry for WE in Portugal?
In order for Portugal to build up a marine industry and
at the same time comply with the NREAP targets, the
structure and functioning of the Portuguese WE TIS is
analysed. Expert interviews were held to assess the
current state of the TIS and to identify the most
important barriers that needed to be overcome. The
insights obtained will be used as handholds for policy
recommendations in order to fulfill both goals.

A TIS also consist of dynamic components referred to
as the „system functions of ISs’ (Table 1). This
approach allows the content of the system to be
separated from the components forming the structure
and enables to identify barriers that can be used as
handholds for appropriate policy making [9].
The system functions are a number of key processes
that need to take place in a TIS in order for the system
to grow in terms of structural elements [7].
These seven system functions make it possible to
impact the manner in which innovations are
developed, diffused and used in a society [9].
Based on Hekkert et al (2007) and Negro (2007) the
following system functions have been discerned:
entrepreneurial activities, knowledge development,
knowledge diffusion through networks, guidance of
the search, market formation, resource mobilization
and creation of legitimacy. The expectation is that the
more system functions are fulfilled the higher the
chance is that the TIS will result in a successful
development, diffusion and implementation of new
technologies [17].

3. Methodology
In this paper a 3-step methodology will be carried
out.

2. Structure and Dynamics of Technological
Innovation System
The underlying theory of this paper focuses on how to
accelerate the transition from a fossil fuel-based
energy to a low carbon energy system. Our current
energy system is dependent on fossil fuels. This
carbon lock-in creates persistent market and policy
failures, which makes it very difficult for RETs to
diffuse through the system [10].
Therefore, in order to achieve a successful
implementation of a RET, a social context stimulating
the transition from fossil-fuel based energy systems to
RET energy systems should support the direction in
which the technological system will evolve [10-11].
In this study the focus will be on the Technological
Innovation Systems, which entails that the
transformation from a technology to an innovation
does not occur in a linear process, but is a complex
process between actors. A TIS is a system containing
all the non-technical factors influencing the diffusion,
development and use of an innovation [8-1213].These non-technical factors are of an economical,
societal, institutional and political nature and can be
barriers that hamper the diffusion of renewable energy
technologies (RETs) [13].
The development and diffusion of a system is also
highly dependent on a well functioning network
between all the actors. Therefore, it is necessary that a
TIS consists of all the five necessary structural
components: demand, supply, political system,
knowledge
infrastructure
and
intermediary
infrastructure [8-16] and that all of these interact with
each other, in order for a new technology to emerge in
a society [14-15].

1. Structural Analysis:
The aim of the structural analysis is to make a
qualitative overview of the Portuguese WE TIS by
identifying the actors and organisations that are active
in each structural component. This analysis also
enables to have an indication on the functioning of the
network and which aspects should be improved for it
to have a better performance.
2. Functional analysis:
In order to conduct the functional analysis, the
method proposed by Negro et al (2007) will be
applied. This approach consists of retrieving as many
events as possible that have taken place in the
innovation system using archive data, such as
newspapers, magazines, reports and interviews with
experts of the field. The events are stored in a
database and classified into event categories. Each
event category is allocated to one system function
using a classification scheme (Table 1). These events
can then be plotted in graphs per year and per System
Function. The final outcome of the process analysis is
a narrative (storyline). .
3.

Identify barriers and provide policy
recommendations:
This last step is done by interviewing 37 WE experts
in Portugal in order to validate the previous results
and to evaluate the functioning of the system
functions [18]. Finally, linking the gaps and barriers
in a TIS with the overall target set by the government,
allows giving specific policy implications that focus
on achieving both the targets set for WE in the
NREAP and marine industry simultaneously.
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Function

Activity

Function 1:
Entrepreneurial activities

Project started
Project stopped, not completed
R&D projects, investment in R&D, Desktop/Assessment/Feasibility studies

Function 2: Knowledge
development
Function 3: Knowledge
diffusion
Function 4: Guidance of
the search
Function 5: Market
formation
Function 6: Resource
mobilization
Function 7: Advocacy
coalition

Sign/value

Workshops, conferences

+1
-1
+1
+1

Positive expectation of WE, regulations by government
Negative expectation of WE, lack of regulations by government
Specific tax regimes, feed in tariffs (FITs), environmental standards
Lack of tax regimes, lack of feed in tariffs, lack of environmental standards
Subsidies, investments for WE, and infrastructure development
Expressed lack of subsidies, investments, and infrastructure development
Support by government/industry that legitimizes the use of the technology
Expressed lack of support by government, industry

+1
-1
+1
-1
+1
-1
+1
-1

Table 1: Indicators used for each function
collaborate or exchange knowledge with other
suppliers or other actors within the WE TIS.
3) Demand actors and all the other actor groups
Demand actors are either not aware of the
existence of WE, or have not legitimized WE,
because it is far from maturity. Therefore,
demand actors are not dedicated to collaborate
with other stakeholders of the WE TIS.
4) The Political system and all the other groups
The political system also does not interact much
with the other actor groups. Moreover, the
government is reluctant to invest in WE due to
the fact that it considers WE an expensive RE.

4. Results
4.1 Structural components of the WE TIS
In Table 2 an overview of all the actor types
involved in WE in Portugal are represented.
´
Supply side

Demand side

Political
system
Knowledge
infrastructure
Intermediary
infrastructure

Technology developers
Components constructor of WE
Assemblers of WE devices
Infrastructure developers
Firms forming part of the demand side
Direct WE electricity consumers
Indirect WE electricity consumers
5 Ministries
Sub-entities
WE specific research centres
WE related research centres
Consultancies
Actors specifically supporting WE
Associations of firms supporting RE
NGOs
Actors stimulating the creation of a
network for RE
Actors stimulating the creation of a
network for maritime activities
Intermediaries established by the
government

One stronger point can be highlighted in the system;
The Wave Energy Centre (WavEC) in Lisbon plays a
very important role as intermediary. It does efforts to
collaborate with demand and supply actors, although
this is not an easy task due to confidentiality issues
and the reluctance of actors to exchange knowledge.
Moreover, the WavEC also does some efforts to
collaborate with the political system and research
infrastructure by constantly meeting and discussing
issues with them.

Table 2: Overview of all the types of actors present in the
Portuguese WE TIS

4.2 Functioning of the WE TIS
The first project, 1970-2001
The first trigger for Portuguese scientists to get
interested in WE was due to the two oil crises in 1973
and 1979. This caused that two WE departments were
established at the IST and LNEG (F7)[19].Both these
research groups conducted research on the
technological and scientific issues of WE, such as
hydronomics, air turbines, and theoretical and
experimental aspects of well turbines (F2) [19-20].
More specifically LNEG worked on the WE resource
characterization (F2)[19].The IST instead started
performing R&D on the first Portuguese small scale
model of OWC and had also identified a site on the
island of Pico (Azores, Portugal) for a possible
installation of this device (F2) [20 ].The IST started

From expert interviews it has been noted that the
Portuguese WE TIS in general is weakly functioning.
The most critical weak interactions that have been
identified in the WE TIS from the expert interviews
are:
1) Knowledge infrastructure and all the other
actor groups
Researchers are mostly working independently
on their own studies, and do not collaborate with
other researchers or other actors from industry,
users or government.
2) Suppliers and all the other actor groups
Supply actors prefer working individually on
components and are not used to interact,
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designing a small scale model (1:35) of 400 kW for
Pico in the 80s.

Figure 2: Knowledge diffusion through the network

A boom of WE projects started taking place and
was initiated in the year 2001. This sudden increase of
interest of entrepreneurs in WE has occurred after the
implementation of the new energy policies for RE, the
assigned FIT and the specific target set for WE.
Regardless of these stimulating measures, the pattern
for entrepreneurial activities between the years 2001
and 2011 is quite turbulent, visible by the amount of
projects that were stopped and started in that period
(Fig.3). Entrepreneurs are interested in investing,
however, due to technical difficulties, lack of
subsidies and financial capital and unstable market
formation incentives (-F5), entrepreneurs find
themselves in a very uncertain innovation
environment.

Figure 1: Knowledge development

In 1991 the interest of the European Union for WE
increased, and with that WE was included in the R&D
JOULE program for energy (F2) [19].Therefore, in
the year 1992 the EU started planning and financing
the real scale Pico plant on the island of Pico (F2)
[20]. All this reflects an increase for knowledge
development in the 90s, which is supported by the
small increase in the number of events (Fig.1).
Hence, the initiating of knowledge development in
the field of WE in Portugal took place in the end of
the 70s, actual R&D projects only started taking place
in the beginning of the 80s (Fig. 1). Thus, the main
focus of the actors in the period 1970-2001 was on
R&D. However, besides all these efforts WE still has
not been successfully developed.
2001-2011
This period experiences a boost of activities as can
be seen from the numerous peaks in the Figures 1-7.
A key event that triggered this boost is the target set
by the Portuguese government to increase the share of
RE to 39% by 2010 and as a part of it achieving a 50
MW installed WE capacity in the year 2010 (F4). This
period is also considered a turning point for the
energy policy and regulations scenario, due to the fact
that several energy policies and regulations have been
implemented in order to achieve the proposed RE
target. Some examples of these are legislations for
licensing and testing of offshore devices (F4), FITs
(F5), VAT reduction (F5), and designation of a pilot
zone (F4).
Another very important event occurring in the year
2003 was the creation of the Wave Energy Centre
(WavEC), which is as a spinoff of IST and was set up
to support and stimulate the development of WE (F7).
The establishment of the WavEC also contributed to
the enormous increase in knowledge development that
can be identified after the year 2003. This is because,
since its beginning the WavEC has been involved in
several European and national R&D projects. From
2007 onwards the WavEC organized two or more
workshops a year in order for the knowledge to be
diffused through networks (F3) [21].
Also other conferences were organized (IZOP and
UTEC) (F3)[19](Fig.2).

Figure 3: Entrepreneurial activities

The introduced market incentives that were
introduced were FITs and general VATs, however,
there is still space for improving the incentives for
market formation (Fig.4).

Figure 4: Market formation

Furthermore, there are still problems with the slow
and unclear licensing process (-F4). The license
entails a permit to make use of a public owned
territory to install and test WE devices. In the year
2004 the Portuguese government had the objective to
speed up the licensing process for RETs (including
WE) (F4) [22] (Fig.5), however, not until the year
2010 did the government start working towards
achieving this target (-F4) [23]. Another example of
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regulations that has hampered Portuguese and foreign
firms to test their WE devices in Portugal (-F1) [24],
is the delay of the realization of the pilot zone.
Although the government expected the pilot zone to
be operational in the year 2010, this was not the case
(-F4) [25].

All this shows that it is necessary to perform
activities to improve all the weakly fulfilled system
functions in order to build up a well functioning TIS
and to propel the technology into the next phase of
development.

5. Policy Implications
An initial step considered important to improve the
performance of the WE TIS is to make all the actors
forming part of this TIS collaborate in order to set a
clear and consistent strategy towards WE. This can be
done in the form of a round table or workshop in
which all the relevant actors get the opportunity to
express their opinion and discuss their plan together.
Moreover, in Table 3 specific policy implications
are given to all the actors in order to improve the
performance of the Portuguese WE TIS.

Figure 5: Guidance of the search

After the year 2001 an increase in the development of
financial resources, technical infrastructure and
necessary supply chain components can be noticed
(Fig.6). An example of technical infrastructure
developments is the construction of the Aguçadoura
wave park infrastructure by the Dutch firm Teamwork
Technologies in the year 2001, in order to test the
AWS device [26] and the electrical infrastructure that
Enondas is still building for the pilot zone (F6).
Moreover, examples of supply chain components
available are the shipyards Navalria taken over by
Martifer to build their WE device Flow in the year
2008 (F6) and the wave tanks in which several
companies have invested (e.g. Sea for life) (F6).

Entrepreneurial
activities

Knowledge
development
Knowledge
diffusion
through the
network

Guidance of the
Search

Resource
mobilisation

Moreover, an increase in lobbying activities and
advocacy collations has also been identified in the
third period (Fig.7). However, still not enough
activities are being performed for function 7 to be
strongly fulfilled.

demonstration
Create
proper
legislation
for
experimentation
Speed up the structuring of licensing
Implement the pilot zone and nonstop shop
R&D subsidies for WE available
Organize pilot projects
Internationalization of R&D
Organize WE meetings for scientist
Organize conferences, workshops
and seminars
Create a wave energy association
Demand results of projects to be
published
Make an integrated plan towards an
industry
Better tax incentive specifically
directed towards WE
Introduce a stable and higher feed in
tariff for WE
Subsidies
for
infrastructure
development
Loans with a low interest
Facilitate things for foreign investor
Internationalization of resource
mobilization
Actors should join power together
and lobby with the government
Activities
to
stimulate
implementation of WE:
-Promotional material
-Web sites for increasing
public awareness
-Documentaries on TV
-Articles in newspapers

Market
formation

Figure 6: Resource Mobilization

Guarantee system
Subsidies for WE developers
Simplify deployment procedures for

Advocacy
coalitions

Table 3: Policy implications

6. Conclusion
Figure 7: Interest of Advocacy Coalitions

The TIS of WE for Portugal contains all the
structural components/actors groups that are required
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for a well functioning TIS. However, not all the actors
forming part of the TIS of WE of Portugal are directly
supporting the technology and a very weak interacting
system is identified. This weak interacting and
collaborating system is considered as one of the main
barriers for the development, diffusion and
implementation of WE in Portugal. Barriers are also
identified in the dynamic components (system
functions). All the system functions are being fulfilled
to a degree, but the TIS has not reached full maturity
yet. A solution towards improving the weakly
performing WE TIS and weakly fulfilled system
functions is stimulating collaboration between all the
actors and setting a clear and consistent strategy
towards WE. Thus, the stimulation of collaboration
and the setting of a clear and consistent vision
towards WE can be considered a first step towards the
creation of a well functioning TIS and industry for
WE in Portugal. Moreover, other specific policies
must also be implemented by all the actors in order to
have the seven functions strengthened.
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