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Abstract

The main objective of the NeXOS project is to develop new cost-effective, innovative and compact
integrated multifunctional sensor systems which can be deployed from mobile and fixed ocean
observing platforms. The sensor systems can be divided into ocean optics, ocean passive acoustics
and EAF sensor systems (Ecosystem Approach to Fisheries management). Within the NeXOS project,
WP2 aims to:

9 Assess the economic viability of sensor system requirements and products;
1 Develop industrialisation strategies for the projects where applicable.

These tasks are performed in close cooperation with WP1 of NeXOS and especially the work
performed on identifying the social and economic requirements for sensor development.

The underlying report addresses the current market of marine environmental sensors and the
competitive position of European sensor manufacturers therein.

Typically, marine sensors are used for one of the following particular aims:

1 Legal aim: monitoring of the marine environment because legislation requires an actor to do so

9 Industrial (commercial) aim: an economic operator uses sensors to monitor or steer its processes,
as they are considered the most economically advantageous way to do so

1 R&D aims: the use of sensors for the sake of science, without a pre-defined application in mind.

Although the driving force for the sensor market for many years has been the R&D marine
environmental applications while industrial and legal uses where of lesser size, lately this balance has
begun to shift in favour of demand related to industrial and legal purposes of using sensors. In the
near and midterm future these two market areas are expected to grow even more and contribute the
main volume of sensor sales.

A list of 9 user groups (economic sectors) has been identified that use marine sensors for the
purposes of their activities. Below table summarises them and their aims i which can be multiple.
Also, the role that sensors play in each of these markets varies: in some sectors sensors are
commonly applied (these are considered mature market for sensors) whereas in other markets the use
of sensors is still in an infant stage. This also gives the basis for estimating the growth potential of
sensor use in each of these markets, which has been assessed qualitatively in the two right-side
columns in below table.

Industrial / Role of sensors

Market economic

perspective

Sensor aim from the perspective of market sectors today In 2020

Monitoring of

environmental a - a
quality
Offshore oil & gas a a a

Industrial water

quality ? a a

measurements

Oceanographic _ 5 .

research 2 ° ¢

Fisheries a a a

Aquaculture a a a

Ocean renewable . .

energy ° )

Deep sea mining a a - -
Port security a a a
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The size of the global sensor market is not exactly known, but an estimation of the export market of

instruments gives figures intheorderof a4 5.8 billion ($7.5 billion)

billion ($16 billion) in 2011. However this estimation covers a market much wider than the sensor
categories assessed within the NeXOS project. Further growth of the use of marine environmental
sensors is driven by legal requirements (the Marine Strategy Framework Directive and subsequent
monitoring guidance in particular), commercial considerations (sensors being adequate tools to
monitor offshore operations and to be cost-effective systems of measurement and control) as well as
ongoing research requirements (building on the globally increasing awareness of the importance of
the ocean system to mankind).

Leading countries manufacturing sensors are found in the EU and North America, with five countries
(USA, UK, Germany, France and Canada) jointly hosting about 62% of the market. The EU can take
pride of currently being one of the leading actors holding a significant share of market (estimated at
more than 35%). However when zooming in on particular sub-segments such as those addressed
within NeXOS, such figure may vary widely and individual companies may have an estimated share of
more than 50% in a particular field alone.

To assess the competitiveness of the European industry, the value chain for sensors was developed.

Sirtting up data

Manitoring

Depending on the market to be served, and in particular the maturity level of that market, the role of
sensor manufacturers can vary from solely manufacturing the sensor and selling it to providing full
services packages including installation, data collection, processing and analysis. Typically, business
models evolve from full package services by manufacturers to specialised roles as the markets evolve
from development towards growth and mature stages. When generalising across the various
submarkets, typically four main stakeholder categories can be identified: sensor manufacturers,
sensor developers, monitoring service providers, and users / clients. Each business strategy 1 and a
handful of the possible combinations appear dominant 1 consists of a combined allocation of tasks
across these four (or less of them if roles are combined).

NeXOS aims to provide added value through the development of new innovative sensors. Apart from
the particular objectives, a number of general challenges have been identified that are relevant for all
three sensor categories. They are summarised below.

Challenge Optic ‘ Passive acoustic ‘ EAF

Power requirements a a

Stability a

Standardisation* a a a

Sensor interoperability a a a

Fouling a a

Data transportation a a

Gathering real-time data a a

*Standardisation refers to the process of harmonising standards for sensors aiming on achieving interoperability
but also on setting minimum requirement categories for their attributes so as to create sensor classes.
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1. INTRODUCTION

1.1 Background and objective

With a coastline of 89,000 km, along two oceans, four seas! and large overseas territories, Europe
can be considered as a blue continent. Seas and oceans are important for human well-being and
wealth, but they are also affected by human activities directly and indirectly?. Seas and oceans are
complex systems and its balances can be disturbed easily. Small disruptions can have immense
impacts on man, nature and climate, both positive and negative. A lot of different processes take place
both above and under water as well as in the (sub-sea) earth. If one of these processes is interrupted,
other processes may also be affected and cause impacts on its surroundings. The figure below shows
a representation of major processes of nature occurring in the marine environment.

Figure 1-1: MAJOR PROCESSES IN THE MARINE ENVIRONMENT
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Source: based on similar figures made by P. Cochonat, C. Berndt, Esonet Noe, and the US Ocean observatories initiative.

Because the marine environment is vital for human life, but is in itself very delicate, legislation to
protect the marine environment in different aspects is imposed by the European Union (EU). Specific
directives have been adopted to protect the Habitat, Fauna and Flora® and Birds*. Also the Water
Framework Directive and the Marine Strategy Framework Directive have been adopted in order to

1 TheAtlantic and Artic Ocean, and the Baltic, North Sea, Mediterranean and Black Sea.

2 European Commission (2013)

3 Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora

4 Directive 2009/147/ECeEilropean Parliament and of the Council of 30 November 2009 on the conservation of wild bird:
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protect the seas and oceans of Europe®.

These directives ask for monitoring the seas and ocean around us. They do not specify how the
monitoring activities should be carried out, and so economic actors are free to choose the means to
execute monitoring activities. One of the options is the use of marine sensors, which are able to gather
large amounts of data and are able to operate for longer periods of time under water and away from
the shore line. As it is expected that the size of monitoring activities will increase in the coming years,
it is expected that the use of sensors will increase as well, as applying sensors will substantially save
costs compared to other (more labour intensive) methods.

Although sensors have a large potential to assist in environmental monitoring several challenges need
to be overcome, e.g. the lack of standardization, the high investment and maintenance costs of
complete sensors systems, and the lack of interoperability. NeXOS is trying to tackle some of the
challenges identified, by bringing together different economic actors that can together develop new
solutions and innovations.

The main objective of the NeXOS project is to develop new cost-effective, innovative and compact
integrated multifunctional sensor systems which can be deployed from mobile and fixed ocean
observing platforms. The sensor systems can be divided into ocean optics, ocean passive acoustics
and EAF® sensor systems. In addition downstream services for GOOS’, GES® and CFP? will be
developed. To achieve this objective the following ten specific objectives are formulated:

1. To develop a new, compact and cost-efficient multifunctional sensor system for optical
measurements of several parameters, including contaminants such as hydrocarbons and other
components of the carbon cycle.

2. To develop a new cost-efficient compact and integrated sensor system for passive acoustic
measurements.

3. To develop a new low-cost sensor system for an ecosystem approach to fisheries management.

4. To develop and integrate a miniaturised smart sensor interface common to all new NeXOS sensor
systems.

5. To develop and apply innovative sensor anti-fouling technologies.
6. To develop a common toolset for web-enabled and reconfigurable downstream services.

7. To assess and optimise the economic feasibility and viability of the new sensor developments
including the manufacturing phase.

8. To demonstrate new developments in real operational scenarios.

9. To work with producer and user communities to upgrade requirements and provide a system which
allows easier transition to manufacturing and operations.

10.To manage and coordinate the specific aims described above, and contribute to dissemination and
outreach, to communicate the results and innovations of NeXOS.

The project is divided into eleven different Work Packages (WPs). Five of them, the technical WPs
(WPs 3-7), focus on the development of the new sensor systems and tackling some of the more
general challenges, e.g. anti-fouling. Other work packages are supportive to the technical work
packages. The relationship between the different work packages and their execution in time are
depicted in the following figure.

5Ministry of Ecology, Sustainable Development and Energy (2013)

6 Ecosystem Approach to Fisheries management

7”The Global Ocean Observation System

8 Good Envinmnental Status, a concept defined in the Marine Strategy Framework Directive including 11 indicators.

9 Common Fisheries Policy
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FIGURE 1-2: Setup of NeXOS and the relationshp between different WPs
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Source: NeXOS Consortium

1.2 Aim and setup of WP2

Wor k Package 2 (WP2) OEconomic viability and indust
for sensor equipment and related services. The analysis takes into account the current demand for the

equipment and services as well as the expected future demand. Besides a market analysis also the

competitive position of European suppliers, both manufacturers (i.e. sensor equipment) and services

providers (i.e. related services), in the global industry is considered, and possible business strategies

for implementing new sensor products and services are developed. Therefore, WP2 consists of two

main objectives:

9 Assess the economic viability of sensor system requirements and products;
1 Develop industrialisation strategies for the projects where applicable.
In order to analyse the main objectives of WP2 five tasks have been formulated, covering:

1. The assessment of the current market for environmental monitoring services and equipment (task
2.1);
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2. The assessment of the competitive position of European suppliers (task 2.2);

3. The constitution and initiation of the work of the Subcommittee for the Advancement of Small and
Medium Enterprise Competitiveness (task 2.3);

4. The definition of possible business models for NeXOS products (task 2.4);

5. The development of industrialisation plans for market introduction using the business models
selected (task 2.5);

Task 2.1 focuses on the overall market size of the market for environmental monitoring, the types of
services currently offered as well as the types of equipment involved. Also the nature of the clients and
the relevance of monitoring data are investigated. Based on the outcomes an indication of the current
market size is made, however it should be noted that the figures presented are to be considered
indicative as the market is very scattered and diverse and no consistent data are presently available.
Also the expected trends in volume and available budgets as well as a shift in demand for specific
markets are considered.

Task 2.2 assesses the competitive position of the European suppliers in the global industry. It is vital
to assess the competitive position, since the feasibility, and the success, of the innovations developed
under NeXOS depends on this position. Other factors influencing the feasibility are the quality and
advantages of the innovations compared to the products made by non-EU companies. Relevant
elements included in the competitive analysis are the industry structure, the regulatory framework, the
competitive environment and, business strategies and policy responses.

The outcomes of task 2.1 and 2.2 are the starting point for the remaining tasks within WP2, starting
with task 2.3. Task 2.3 further builds upon inputs from WPs 3-7, where the actual innovations will be
developed, and feeds task 2,4 in which possible business models for the introduction of the new
innovations are designed Task 2.5 needs inputs from WPs 1 and 11. The picture below shows the
interdependencies between WP2 and the other WPs.
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This report starts with a presentation of the methodological approach (in Ch.2), where the main market
areas are presented as well as the structure for assessing the competitiveness of the industry. In
subsequent chapters the components of this structure are further elaborated. Chapter 3 addresses the
demand for sensor services and the various sectors calling for this demand. The supply side is

addressed in chapter 4, where a value chain analysis is conducted. Main drivers for innovations in
sensors and sensor applications are presented in chapter 5. These include technical demands but
also regulatory and other drivers. Furthermore the competitive environment is brought to view.
Building on these components, business models currently in place are assessed in chapter 6. Initial

conclusions are given in Ch.7.
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2. METHODODGICAL APPROACH

2.1 Types of sensor innovations addressed in NeXOS

Nexos addresses six main scientific and technical innovations. The first three innovations relate to the
chosen observation framework, i.e. optic and passive acoustic sensors as well as an Ecosystem
Approach to Fisheries management (EAF). The last three innovations are transversal and are
applicable to all developments. They focus on sensor anti-fouling, sensor interface interoperability and
sensor data interoperability.

FIGURE 2-1: RELATION BETWEEN THE SIX NEXOS INNOVATIONS

ptic sensor

system

1I: sensor interface interoperability
11l: sensor data interoperability.

Source: Ecorys (2014)

As the figure above shows the six innovations are closely linked to each other. Below each innovation
with the main R&D challenges is described.

Innovation 1: Optical sensor systems

For physical, chemical and biological processes in the oceans, light is an essential driver. Optical
sensor systems are used to measure the different processes. Advantages of optical sensor systems
are their long and successful history in measuring biogeochemical parameters and their potential for
multi-functionality. Often optical sensors can be used for measuring different parameters at the same
time. Parameters are measured using fluorescence and absorption, and these properties enable
sensors to be used in long-term monitoring approaches.

Optical sensors are used in a wide range of different markets, ranging from the offshore oil- & gas
industry and offshore renewable energy to fresh water measurements and aquaculture. Due to the
wide range of applications and a large number of manufacturers a lack of standardized optical sensors
occurs. Challenges to overcome, which are also addressed within NeXOS, are the size of sensors,
power requirements and the measuring capabilities, with the ultimate aim to integrate the optical
sensors on a variety of platforms, without extensive (manual) adaptation.
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FIGURE 2-2: IMPRESSION OF DIFFERENT OPTICAL SENSOR SYSTEMS

Source: internal NeXOS website (to be checked)

Innovation 2: Passive acoustic sensor systems

Passive acoustic sensors are used to measure underwater noise in order to assess the impact of
human activities on the marine environment as well as to gather data on subsea life (e.g. marine
mammal research). In contrast to the use of sonars, passive acoustic sensors do not transmit energy
into sea and thus have less impact on undersea life forms and environment. With the introduction of
the Marine Strategy Framework Directivel® (MSFD) the demand for passive acoustic sensors has
increased and especially cost-effective solutions are sought. Up till now the use of marine acoustic
sensors to gather acoustic data is rather costly.

Passive acoustic measurements are often done with hydrophones. The use of hydrophones has a
long history as in many nations Navies have used hydrophones for many decades to detect
threatening activities in their waters. Nowadays hydrophones are also used in other fields, especially
for marine mammal hearing. Besides the use of hydrophones, passive acoustic measurements can be
measured by digital applications which are introduced gradually. Digital hydrophones present an
advantage compared to analogue versions in that they present no need for an adapter to transform
the signals they receive into forms that can be processed. Additionally, analogue sensors require
cables that can be applied for only limited ranges without compromising the quality of the transmitted
signal.

In the NeXOS project the R&D efforts will mainly focus on the size of the passive acoustic sensor
systems as well as their power requirements. Also the data transmission to on-shore facilities is
important, as currently data are sent via satellite links which is expensive.

Innovation 3: Ecosystem Approach to Fisheries management

The Ecosystem Approach to Fisheries management (EAF) is not a specific sensor in itself, but a
combination consisting of several optical and passive acoustic sensors. Aim of the EAF is to gather
more precise data on the spatial distribution of the catch and the fishing efforts involved. The system
can also be used to assess the quality of the fish stock, e.g. the weight and size of the fish.

Currently no universal system is in place and only a few pilots have been started, one of them being

the Recopesca project led by Ifremer. The EAF system developed is voluntary installed on board of

several French vessels and during regular fishing activities the system is able to measure the
parameters needed. Main parameters measured are temperature, salinity and turbidity. As the system

is installed on board of a fd$ ® Ibe easyaopedable, and sostleel t he
sensors are attached to the fishing gear used and data are transferred to a computer program. To

make EAF a successful system it is vital to ensure that fishermen do not need to undertake additional

activities to set up the system or are hindered during the execution of their fishing activities.

To further improve the EAF system R&D efforts in NeXOS will focus on creating very low-cost systems
which have a high autonomy (no interference of fishermen needed) and sensors that are able to better

10 Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a framework for co
acton in the field of marine environmental policy
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measure chlorophyll and oxygen.

FIGURE 2-3: IMPRESSION OF PASSIVE ACOUSTIC SENSOR SYSTEM (LEFT) AND EAF SYSTEM (RIGHT)

Source: internal NeXOS website

Transversal innovation 1: sensor anti-fouling

One of the main transversal challenges to overcome, especially relevant for optical sensors, is
biofouling. Sensors are operated under water and after a certain amount of time are no longer able to
measure parameters due to biofouling. Especially during productive periods (bloom) biofouling can
grow rapidly and within less than two weeks the sensors are not able to provide reliable data.

Within the last 20 years several solutions to decrease the effects of fouling have been developed,
each with its own advantages and disadvantages. As a sensor often needs to be able to operate for
several months or even years in a row without onshore maintenance, in an ideal case the sensor
should have its own maintenance system to reduce the effects of fouling.

Some sensors are equipped with pills that contain chemical substances and each time the sensor
needs to be cleaned such a pill is released. The high concentration of chemical substances is able to
clean the sensor by dissolving the fouling; however the chemical remains are released into the ocean
and might negatively affect the flora and fauna. Also the use of energy-based methods to counter
fouling has been applied by some companies. This may include energising the water around the
sensor with high voltage electricity or ultrasonic waves in order to kill or stun the algae or other
microorganisms that attach on the sensors. Other solutions, such as mechanical removal of the
substances hindering measurements may be more environmentally friendly by not damaging the
surroundings directly, however they are not as effective in their cleaning operations or might pose
power requirements that cannot be facilitated easily.

Biofouling frequently causes a shift in the quality of measurements, resulting in unusable data. The
ideal solution for anti-fouling should be cost effective, have a low power requirement and should not
interfere with the instruments or with the environment. Any new solution produced should enable
coastal observation systems to work undisturbed for at least three months, while deep-sea
observations should be able to operate for at least one year.

Transversal innovation 2: sensor interface interoperability

Usually, the monitoring of more than one environmental parameter is required; therefore multiple
sensors can be installed onto an operating platform, e.g. buoys, gliders or ships. Most sensors are
produced by small companies leading to a large variety of available sensors, each with their own
capabilities, communication protocols, and data formats. The lack of standardization within the sensor
market results in a need to (manually) adapt all sensors to install them on a given platform
(interoperability gap).

To collect all data measured by an individual sensor software on board the platform is needed. The
sensors often use generic or standard protocols, however these protocols often cannot directly be sent
to the platform. To translate the data gathered by the sensor additional software is needed in order to
ensure communication between sensors and platform. Nowadays, for each specific platform new
software needs to be developed, which is a time consuming and complex process. Once the software
is developed the next challenge is to provide (real-time) remote access to instrument data via the
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available communication means (usually satellite). Few instruments provide communications in a
standard command protocol format, so additional observatory or shore-based software is required to
transform the instrument data format to a standard that can be communicated.

Research efforts of NeXOS will focus on improving the sensor interface operability, preferably by
developing a plug-and-play system. The system would enable to use all sensor types on all different
platforms without extensive adaptation and software development. Result would be a cost reduction in
system integration.

Transversal innovation 3: sensor data interoperability

Although at lot of marine data is being gathered, their use is still limited. Causes for this limited use are
the format in which the data are gathered and the public availability. Marine data are gathered in
closed silos and to use sensor data the format in which the data are collected need to be transferred
to a format readable which is commonly used. Once the data are in a more common format they can
also be integrated into marine data portals or data sharing initiatives such as GMES and GEOSS.
Actions in the right direction already have been taken, but need to be further developed.

2.2 Scope of the economic viability analysis (WP2)

Definition of environmental monitoring

Environment al monitoring in the studyés Description
based on a regulatory obligation to measure the quality of the marine environment. Main source for
environmental monitoring is the MSFD that sets the obligation for governments and other public

bodies to monitor the quality of their coastal waters and seas. However marine monitoring activities

consist of many more activities than the restricted definition used in the DoW.

Besides governmental organisations measuring the water quality, also universities and research
organisations are monitoring the marine environment. For these institutions the main motive to do so
is to obtain better insights into the ways seas and ocean eco-systems behave and develop. One of the
focus areas of these institutes is the Artic region, an almost undiscovered area of the sea, but
monitoring the quality of fish stock and mammal behaviour elsewhere are also part of ongoing
research programmes.

Also industry, consisting of a diverse group of economic actors, has an interest in marine
environmental monitoring. Their motives for marine monitoring may differ from those of governments,
universities and research organisations. In some cases a legal obligation to monitor certain activities
exists, e.g. the obligation to measure the quality of fresh water for water companies or the obligatory
measurements of noise produced by the execution of economic activities for the oil &gas sector.
Industry also voluntary uses sensors, especially when sensors can be used to optimize their business
operations and could lead to cost savings.

Although many different companies use sensors for marine monitoring based on different motives, the
sensor systems used are more or less similar. Different types of users can use the same sensors
systems, whether their motive is based on a regulatory obligation or is more commercially driven
related.

Geographical scope

This market assessment for environmental monitoring mainly focuses on Europe and European
players. To assess the competitiveness of the European sector a detailed analysis at European level
is required. It is important to analyse who the players in the European market are (ranging from the
sensor developers to the end-users), how the market is organised, what their focus areas and
available budgets are and what they consider as their market opportunities.

Where available, information on non-EU players is included in the analysis. Information of the rest of
world (ROW), especially North-America, is provided in the competitiveness assessment, as their
development and growth prospects will influence the position of European players.
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Scope of this report
As described earlier t his report covers task 2.1
6Competitiveness of the European supply industryo.

assessment is one of the building blocks for the competitiveness analysis. Without a thorough market
assessment it is difficult to assess the competitive position of European players. Therefore the first
part of this report focuses on the market assessment, including a demand and supply side analysis of
the European sensor market. In the competitiveness analysis, the second part of this report, the
findings for the European sector will be evaluated vis-a-vis the sensor market in other parts of the
world, especially North-America.

2.3 Methodology for marketassessment

The methodology used for the market assessment is described in the this paragraph and the
methodology to carry out a competitiveness analysis is described in the following one.

The first step in this analysis was to carry out a literature review to obtain an overview of the overall
marine sensor market, trends and challenges. Starting point of the literature review where official
documents of the EC, e.g. the Marine Strategy Framework Directive, GOOS, and Euro-GOOS.
Secondly studies describing both the European and international sensor market have been reviewed
as well as some technical papers relating to sensor qualifications.

Based on the literature review a questionnaire was developed which was used during two rounds of
interviews held with consortium partners and other sensor users. The questionnaire can be found in
Annex C and the list of interviewees in Annex D. The first round of interviews focused on
manufacturers and developers of different sensors systems, while the second round contained system
integrators, research organisations, universities and other end-users. Besides the interviews held by
Ecorys in these two rounds, additional interviews were held by consortium members at Oceanology
International'! and the NeXOS steering group meeting*2.

Based on the literature review and the interviews held a description of the value chain was
developed. The value chain covers all different actors in the sensor market and couples them to the
different sensors development phases that where identified. The value chain has been extensively
reviewed with members of the consortium and steering group members.

To validate the research findings a short online questionnaire was developed which was active from
June to August 2014. To target this to parties outside the direct network of the consortium, a link to
this questionnaire was published on the IEEE-website and distributed amongst relevant IEEE
members as well as through the business network of consortium partners. The results of this
questionnaire are used throughout the market assessment to verify and expand the findings of the
interviews held. More details on the online questionnaire can be found in Annex E.

Based on the information gathered through the interviews and the online questionnaire a picture of the
current situation of the sector was drafted. Also insights in the trends were derived. The current
situation and trends differ per market segment in which sensors are used. Finally a SWOT analysis
was carried out in order to identify the strengths, weaknesses, opportunities and threats of the
European marine sensors manufacturing industry.

2.4 Methodology for the competiveness assessment

Closely linked to the market analysis is the competitiveness analysis. To assess the competitiveness
of the European sensor market the framework presented in the figure below is used.

1 International conference held in London, UK7oxddrgh 2014: http://www.oceanologyinternational.com/

12 Consortium meeting held in Runde, Norw&uhnil 2014
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FIGURE 2-4 SCHEMATIC OVERVIEW OF ANALYSIS FRAMEWORK C OMPETITIVENESS EU SENSOR MARKET
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Source: Ecorys (2014)

The focal point in the competitiveness analysis is the European sensor supply & services market (dark
blue box). This market has certain characteristics that are assessed in the market analysis. Further the
competitive position and performance of the European sensor market are influenced by several other
conditions. The competitive position and performance can be viewed as the outcomes of a complex
set of supply-side and demand-side conditions. On the one hand the situation of the European value
chain for each sub sector and the situation of the value chains of competing suppliers need to be
analysed. On the other hand the performance of the sector market must be set in the context of
devel opments within the final ma r laseowesall macra ecbnonalid
environment and globalisation.

Both the supply-side and the demand-side conditions are influenced by the regulatory (and other
framework) conditions that shape the level and the nature of competition within the final markets, and
by the business models and strategies currently adopted by firms within the sector in response to
these conditions and in response to the overall competitive environment that they face.

In the above schematic overview these relations have been summarised into four main (light-blue)
boxes affecting the competitive performance of the European sector market. These boxes are
described in more detail below.

2.4.1 Box 1: Industry structure

The industry structure has been divided into two components; the value (supply) chain and production
process, and the access to resources. The value chain analysis focuses on the internal dimensions of
the European sensor market and discusses the specific characteristics of the production structures in
terms of types of players, company sizes, organisation of production processes and profitability.

The analysis of the resources mainly focuses on the production inputs needed in the sensor industry
and the access to such resources. Examples of inputs needed are labour & skills, raw materials,
capital and finance, energy, and knowledge and technology.

The primary aim of the industry structure analysis is to provide an understanding of how (European)
production is organised, where and how value-added is created within the industry, and to identify
those factors that are most important determinants (drivers) for value-added generation and enhanced
competitiveness.
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2.4.2 Box 2: Regulatory and other framework conditions

The sensor market is influenced by tfhrea nreenpu lka tcoornyd i &
part aims to assess the public policy environment that influences the competitive performance of the
sensor market. The relevant regulatory issues can be split into:

Environmental related issues: due to an increased environmental awareness more and more
monitoring activities become obligatory. Especially with the implementation of the MSFD and the
subsequent monitoring guidance, it is expected that the sensor use will increase.

Other regulatory issues: these could relate to the applicable IPR regime, specific international trade
barriers etc.

Essentially, this assessment is concerned with those factors 1 both from a supply-side and a demand-
side perspective i in the general business environment of the sector that are or may be influenced
through public policy initiatives. This may include measures or initiatives at national, regional (e.g.
European) or international levels.

2.4.3 Box 3: Competitive environment

In the assessment of the competitive environment the focus lies on the assessment of market
conditions and the level and nature of competition and competitive pressure in the main market
segments. This competitive environment assessment consists of three core elements:

1. Market (demand-side) developments: e.g. identification and assessment of the main demand-
side trends and developments

2. Competitor (supply-side) developments: e.g. identification and assessment of the main supply-
side trends and developments related to the main competitors for European products and services.

3. Exogenous factors: e.g. globalisation, technology, environment, macro economic conditions etc.
These factors will be analysed where relevant.

2.4.4 Box 4: Business strategies and policy response

The last part of the competitive analysis consists of the analysis of current business strategies and
possible policy responses. This report solely focuses on the current business models used by the
economic players in the value chain. Possible new business models that might be useful for the
introduction of innovations made under NeXOS will be discussed in D2.2 (resulting from task 2.3).
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3. DEMAND SIDEMARKETS

To analyse the growth potential of sensor use in the different markets in which marine monitoring is
used it is important to know why, how and how often sensors are used. Here, the product life cycle is
introduced in the next section. Subsequently, the main aims of the sensor use will be explored, as this
is considered an important factor to understand the drive for sensor development and market uptake.

3.1 The product lifecycle

Once a product is designed, developed, and tested, it is ready to be brought to the market. At this
point the product life cycle, also called the market development, starts which describes all stages a
product goes through from its birth to its death. The product life cycle describes the adaptation rate of
the product as well as the sales and profit levels that can be expected. The product life cycle consists
of four specific phases, each with their own type of customers and market strategies.

Introd uction phase

Once the product is market ready, the first phase in its product life cycle is its introduction phase. In
this phase the product is presented to the market and generally the sales are slow. Potential
customers, the so-called early adopters, need to be made aware of the new product and its
possibilities. These early adopters are customers that are very willing to buy new and innovative
products, often without an extensive track-record and often at relatively high prices. Manufacturers
need to spend a large part of their budget to promote the new products, e.g. by organising promotion
campaigns, presenting products at fairs and conferences and by personal selling. A large set of selling
techniques needs to be used in order to persuade customers to try the product and in this phase the
manufacturers are often not able to make profits. Competition in this phase is usually still limited.

Growth phase

In the second phase, the growth stage, sales are increasing as more customers become aware of the
product and are getting familiar with its usefulness or attractiveness. These customers are often
indicated as the early majority that is willing to buy new and trending products. The manufacturer will
be able to make larger profits and cover the development and introduction costs of the product. Often
the number of competitors is growing rapidly as well during this stage, as others seek to seize the
profit opportunity. Strategies for the manufacturer will be to establish and maintain a loyal customer
base and the R&D efforts will focus on improving the product in order to sustain sales growth as long
as possible.

Maturity phase

In the maturity phase the market for the product is stabilizing. Initially the sales volumes will increase,
but in later stages of the maturity phase the sales will stabilise and potentially also start to decline, as
the market is becoming saturated. R&D efforts are limited and the profit margins are positive but flat or
even declining. It becomes more difficult to maintain a loyal client base as many competitors offer
similar products and some customers are searching for new types of products. New customers, the
late majority, can be added. The late majority often wants to buy established and well-proven
products. A product can remain in this stage for quite long.

Decline phase

The last phase of a product is the decline phase. In this phase some new clients, the laggards, can
still be found, but the majority of the client base will no longer buy the product. The sales volumes start
to decrease rapidly and also the profit margins are decreasing. The number of competitors will reduce
as some of them will decide to leave the market or differentiate their products. Also a share of the
customers will stop using the product. A product can be in this stage for a long time, as long as the
product has a loyal customer base that makes it worth to continue producing (lower amounts of) the
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product. I f the product is no |l onger useWd, its prodi
The figure below shows the typical trend-line of sales and profit associated to the various market
development phases. Of course this theoretical function in reality is affected by the actual
circumstances in the specific market concerned. For instance profitability could lag more from sales in
markets where high development and upscaling costs are to be incurred. Also, at the end of the
market cycle, prices sometimes may need to be lowered in order to compete with newer technologies
introduced, negatively affecting profitability.

FIGURE 3-1 M ARKET DEVELOPMENT PH ASES
Introduction Growth Maturity Decline
Sales
— Profit
Source: Ecorys (2014)
Typical characteristics of each phase
As described above each market development phase has its own characteristics which regards to
sales volumes, profits, cash flow, type of customers and competitors. Following table summarizes
these characteristics per phase.
TABLE 3.1 CHARACTERISTICS PER M ARKET DEVELOPMENT ST AGE
Introduction Growth Maturity Decline
Sales Low Fast growth Slow growth/Stable | Decline
Profit Negligible / Positive to flat Flat to declining Low to zero
negative
Cash flow Negative Moderate High Low
Customers Innovators Early majority Late majority Laggards
Competitors Few Growing Many rivals Declining number
Source: Douglas Hoffman et al. (2005)
The duration of the entire product life cycle and of each phase differs per product. Some products
have a very short life time, with very short introduction and growth phases, while other products have
a very long life span and can remain in their maturity phase for many years. For the marine sensors
the market development phase needs to be assessed per market. This will be done in more detail in
the next section.
13 Examples of products that éffieetively died are the typewriter, Walkman and gramophone (although the latter appears to

experiencing a revival).
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3.2 Aims of sensor applications

The reasons of using marine sensors differ per market sector. The differences between the aims will
influence the potential sensor development for that specific market. We distinguish three types of
aims: the R&D perspective, industrial perspective and the legal perspective.

1 Legal aim: monitoring of the marine environment because legislation requires an actor to do so

1 Industrial (commercial) aim: an economic operator uses sensors to monitor or steer its processes,
as they are considered the most economically advantageous way to do so

1 R&D aims: the use of sensors for the sake of science, without a pre-defined application in mind.

For most market sectors assessed all three aims can be relevant and the use of sensors can serve
multiple aims at once. Especially the R&D perspective is often influenced by the industrial and/or legal
perspective.

FIGURE 3-2 RELATION BETWEEN THE APPLICATION AIMS

Source: Ecorys (2014)

Legal

The legal perspective is, for European players, mainly based on EU legislation. Main Directive is the
MSFD, adopted in 2008, aiming to support a sustainable and integrated approach to monitor the
ocean. Each Member State with coastal waters, is required to develop a national strategic framework.
The European Commission evaluates each national proposal and ensures that no conflicts of interest
between the national plans occur. The MSFD includes the initiatives to satisfy the Good Environmental
Status (GES) of marine waters, the Data collection framework for Fisheries (DCF), the INSPIRE
directive and the Blue growth communication.

Based on the current legal framework economic actors are obliged to monitor the environment or the
effect of their activities on it. Under the legal framework the use of sensors to monitor the effect on the
environment is not mandatory. Other means to achieve the same results are allowed, however many
actors seem to prefer sensors, because they are cost-effective and can provide robust and concise
measurements. Given the wide range of methods used, the Commission issued criteria and
methodological standards on the GES.'* Research institutes, including oceanographic institutes and
universities, are more involved in the general execution of the MSFD, by carrying out general
environmental monitoring activities, while industry players fulfil a specific obligation. For example the
offshore oil & gas industry is obliged to measure the noise levels it produces to assess the impacts on
marine mammals and fish stocks near their installations.

14COM(2010)477: Commission Decision on criteria and methodological standards on good environmental status of marine water
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