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CHAPTER INTRODUCTION

The European Commission has launched a study on the production and trade-masEd products. Tilreport
is the final background report thatonstitutes the basis for thechapter on Key Enabling Technologidéghe
upcoming, 2013 European Competitiveness Report by the European Commission.

1.1. BACKGROUND OF THEBY

In the Communication, "A European segy for Key Enabling Technologigs bridge to growth and jobs", the

European Commission mentions its strategy to boost the industrial production ofiéEa&d products in order

to allow a maximum exploitation of(ECt20Ra)KeWEnablingot ent i
Technologies (KETs) are defined as knowledge intensive and associated with high R&D intensity, rapid innovation
cycles, high capital expenditure and highly skilled employment. They are multidisciplinary, cutting across many
techndogy areas with a trend towards convergence and integration. The following technologies are identified as

KETs: micraand nanoelectronics, nanotechnology, photonics, advanced materials, industrial biotechnology and
advanced manufacturing technologies.

lnaddi ti on, in its Communication “A stronger Europear
Commission has identified six priority action lifEE, 2012b)One of the priority action lines is markets for key

enabling technologies in which the Comnission expresses its intention to implement the European Strategy for

KETs ensuring better @wdination of EU and Member State technology policies, the funding of essential
demonstration and pilot lines and crosstting KET projects, and the timely déasgment of the Internal Market

for KEThased products. Moreover, the industrial deployment of KETs will become a key component of relevant
European Innovation Partnerships.

1.2. OBJECTIVES OF THEDST

The objective of the study is to analyze the current pogitdf the EU in the global production of KEbesed
products in order to assess upcoming challenges for t

1 providing a narrative overview of most recent technological and industry developments in each KET since
2009;

1 updating estimations on future market potentials in each KET, building uperanalyses of recent trends
in “market shar es” -related tedhmologies lmased ont patenh appidatiorKdata and
update corresponding analyses presentedhia CR 2010;

1 analyzinghe EU position in the value chain decomposition of two Ki&Bgd products;

1 analyzingthe EU position in international trade for certain subfields of Ki&ked productsincluding
changes in the EU’ s cgoimdipatots suthiaynearket share, comgarativé advamagel s i n
and trade surplus;

1 analyzing he EU position in value chains (in terms of ‘1t
based products based on unit value analysis of exports and imports:

1 analyzingthe specializationof a selection of EU Member States in production and trade of -K&Sex
products by combining production and trade statisti

This study will use the definitionof KEIa s ed products as defi nedngdtrategt he Com
for Key Enabling Technologie®a br i dge to growth and jobs” of June 201
a KETdased product is: (a) an enabling product for the development of goods and services enhancing their

overall commercial and sociglue; (b)induced by constituent parts that are based on nanotechnology, micro
/nanoelectronics, industrial biotechnology, advanced materials and/or photonics; and, but not limited to (c)
produced by advanced manufacturing technologies.

This study is stictured as follows: Chapter 2 provides an overview of several technological and industry
developments in KETs. Chapter 3 presents an update of the market share calculations and market potential
estimates of the background study for the 2010 European Cdithpess Report. In chapter 4, the value chain

12



of two KETshased products is analyzed namely the value chain of lipase enzymes and the accelerometer. Chapter
5 analyses the position of the EU in international trade in K&$ed products while chaptersummarizes the
main insights obtained in this study.
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CHAPTER 2AVERVIEW OF TECHNGICAL AND INDUSTRY
DEVELOPMENTS IN KETS

2.1.INTRODUCTION

This chapter provides an overview of the recent technological developments in the six KETs together with
examples of the development of KEased products. For each KET, a general introduction is provided followed
by a discussion of the recent technolcaji developments and associated kdpplications. When appropriate,
general remarks on the technological developments within KETs are provided before the actual discussion of the
specific applications field.

KETs generally have a wide application rargiéhare are enabling technologies by definition. Therefore some
choices have been made with regard to the technological development inbd&sS€d applications that will be
discussed in the following sections. Applications are selected on the basis ohgicartevance (both at present

and future potential) and social relevance (again both at present and in the future). The applications discussed
in this chapter are used to select KEbEsed products for the vaé chain analysis (see sectiér?).

2.2.INDUSTRIAL BIOTECHNRGY

2.2.1.Introduction

I ndustrial bi otechnology (1 B) or whit e’ biotechnol o
Technol ogi es”’ ( KGEoUps(HG) Thhaes Hd egfhi nLeedv ei n d the application ofb i ot ec |
biotechnology for the industrial processing and production of chemicals, materials and fuels. It includes the
practice of using microrganisms or components of mieooganisms likenzymes to generate industrially useful

products, substances and chemical building blocks with specific capabilities that conventional petrochemical
processes cannot provitdeHL(GIB, 2011). In other words, industrial biotechnology companies use life science
techniques to find and i mprove nat ur-efforsbaeteria yeasesss or d e
and fungi to marine diatoms and protozedor use in industrial aplications.

Bi otechnology as a whole is defined by the OECD as
organisms, as well as parts, products and models thereof, to alter living divilog materials for the production
of knowledge, goodsrad s er vi ces” ( OECD, 2005) . I n ot her words,

knowledge and finally is associated to the evolution of biological science. The main techniques used in
biotechnology, and hence also in industrial biotechnology, can bremarized as followsHLGB, 2011):

1 DNA/RNA: Genomics, pharmacogenomics, gene probes, genetic engineering, DNA/RNA
sequencing/synthesis/amplification, gene expression profiling, and use of antisense technology.

1 Proteins and other moleculesSequencing/sythesis/engineering of proteins and peptides (including
large molecule hormones); improved delivery methods for large molecule drugs; proteomics, protein
isolation and purification, signaling, identification of cell receptors.

1 Cellandtissue culture anengineering:Cell/tissue culture, tissue engineering (including tissue scaffolds
and biomedical engineering), cellular fusion, vaccine/immune stimulants, embryo manipulation.

1 Process biotechnology techniquestermentation using bioreactors, bioprocessingipleaching,
biopulping, biobleaching, biodesulphurisation, bioremediation, biofiltration and phytoremediation.

1 Gene and RNA vector&ene therapy, viral vectors.

1 Bioinformatics: Construction of databases on genomes, protein sequences; modeling complex
biological processes, including systems biology.

The techniques | isted above constitute the ‘tool box
use micreorganisms to achieve a certain goal (e.g. the production of a vitamin). égistblt any advancement
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in the techniques themselves (which is more fundamental research) will lead to more possibilities in applied
research, which in turn can lead to applications society is interested in. The spectacular advancements made in
these biotchnology techniques over the past decades have enabled many interesting applications in industrial,
as well as medical and agricultural biotechnology.

2.2.2. Technological developments and applications

Industrial Biotechnology entails biochemicals, biofueld bivmaterials; and is well established in the production

of biochemicaldor the pharmaceutical market, food & feed, fine chemicals, detergents and hygienic products.
Table2.1 provides some examples of biochemicals that are well established in the industry.

Table2.1 - Examples of established products

Amino acids Lipids Organic acids | Alcohols | Vitamins Proteins
L-gl i i itri i Amyl
g u_tamlc acid _ _ Cltl’l(.: acpl Riboflavin mylase
L-lysine Phytosphingosin | Lactic acid Ethanol . Phytase
. . . Cyanocobalamin . .
L-threonine Itaconic acid Antibodies

SourceOECD (2010)

Most of these established products are only available throbgitechnological processes because chemical
synthesis offers no alternative. For example, for proteins like enzymes or monoclonal antibodies as well as
enantiomerically pure substances lik@inino acids, biotechnological processes are the only choigenraral,
biotechnology tends to focus on products which are either i) not available through petrochemical synthesis or ii)
available by coseffective processes(g.citric acid, gluconic acid) or iii) earn a relatively high market price.

Figure2.1: Overview platform chemicals
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SourceJang et al. (2012)

Platform chemicals

One interesting application of industrial biotechnology are the so called platform chemicals, chemicals than can
be used as a precursor for making a variety of chemicals and materials, including solvents, fuels, polymers,
pharmaceuticals, perfumes, and fdoCurrently they are mostly derived from fossil resources, but increasing
attention is going to the use of renewable sources instead. Once derived from these new sources, they could be
further transformed into the very same broad portfolio of eptbductsthat is produced today from fossil
sources.Figure2.1 schematizes the production of platform chemicals from bfiiksil and renewable sources

(&ang @ al, 2012).
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Large research efforts are currently being made to find and modify roigganisms in a way that platform
chemicals of interest can be produced at economically interesting rates. Currently, chemicals with a broad range
of carbon lengths cabe produced by the sugar fermentations of microorganisms. At present, lactic acid, ethanol,
and 1,3propanediol have already been commercialized for economicabaged production, and succinic acid,
1,4-butanediol, isobutanol, acetic acid, and isopreme aearing largescale commercialization as Hiased
chemicals. Yet, for many other chemicals, intensive metabolic engineering is needed to enhance performance of
the production of these chemicals. This includes the developments of microbial strainkabatoptimized
pathways, can use several carbon sources, are better tolerant against the end product, use less nitrogen and
ideally have metabolic pathways in order to produce platforrarafcals in one step reactionsa(d et al, 2012).

One of the econonaially most important chemical intermediates is succinic acid, and currently a lot of effort is
dedicated to the optimization of the bio based production (OECD, 2010). In 2011 Roquette and DSM announced
to invest in the production of bio succinic acid, tatigg about 10 kilotons per year. According to the Chief
Innovation Officer of DSM, it is possible to produce cost effectively due to the great advances that have been
made over the past years. Even more, the -maoiprint of the end product is reduced dahe same time,
illustrating the large potential of biotechnology in this area (DSM, 2011).

Bio-based polymers

Biobased polymersare considered to be one of the important milestones for white biotechnolddlyQIB,

2011). Polymers are long moleculesmposed of repeating building blocks (the monomers). In most cases
biotechnology serves to deliver this building block, and conventional techniques are then used to make a chain
of these building blocks. In some other cases however the niganisms prduce directly the polymer (for
example, the polysaccharides covering the cell walls of certain roiganisms) (Sutherland, EOLSS). Over the
past 20 years, the efforts have particularly concentrated on polyestershgfiBoxyacids (PHAS), polylactic acid
(PLA) and other polymeric building blocks such agpdgpanediol (1,3 PDO) or polyethylene from bioethanol
which are mainly naturally synthesized by a wide range of microorganisms. These compounds have properties
similar to synthetic plastics and elastorsdrom propylene to rubber, but are completely and rapidly degraded

by bacteria in soil or water. A major limitation of the commercialization of suctb&éed plastics is their cost

and performance in relation to petrolewmased polymersHLG 1B2011).

Bio-based polymers and plastics are today still in their infancy, but their production has grown at high growth
rates (about 50% annually) in the past decaH&@ 1B2011). As can be seen for bioplasticEigure2.2, the

global production reached the point of one millitonsin 2010 (after a major downturn due to the economic
crisis in 2009), and the production is expected to increase dramatlmal®016 (Bioplastics Association, 2012).
The market share of biobased plastics is expected to reaeP0% in 2020, hence effectively substituting a
significant part of oibased plasticsHLG 1B2011).
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Figure2.2: Evolution of the production of bioplastics
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The market potential of biobased polymers is underscored by the fact that the maximum technical substitution
potential of bicbasedplastics replacing petrochemical plastics is seen at 90% of polymers including fibers (OECD
2010). For some, a substitution potential of up to 100% is seen, especially for PBT (polybutylene terephtalate),

PBS (polybutylene succinate), PET and PEB®jure2.3the development stage of the diverse Hiased plastics
is shown. It is clear that many applications are underway but only a few eaebed &rge scale production.

Figure2.3: Development stage of various bioplastics
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Enzymes
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Enzymes are proteins that function as catalysts: they accelerate chemical reactions. They @itlars in the

cells of all living forms, taking care of all chemical conversions needed for the functioning of the cell. Enzymes

are increasingly used to perform chemical reactions in various industries. Compared to the traditional
transformation mehods they can have many advantages. For example, they do not require very high
temperatures and/or pressure to ‘force’ a chemical re
they require the use of acid or alkaline agents to stimulaaetipular chemical reactions (they operate under
‘“mild’” conditions). Moreover, they often deliver a ve
by-products. The most widely used class of enzymes for industrial purposes are the bgdra@azymes that

catalyze the cleavage of chemical binding using water as additional input. They can be subdivided in three major
classes according to the substrate they cleave: carbohydrases (carbohydrates), proteases (proteins) and lipases
(lipids) (Jegnnathana & Nielsen, 2012).

Under the class ofarbohydraseswe find well known enzymes such as amylase and cellulase. They have as
substrate starch (a polymer of sugar units serving as a major reserve of carbohydrate in plants) and cellulose (a
polymer ofsugar units having a structural function in the plant cell walipth enzymes have a long tradition of

use for industrial purposeg&mylaseis used in a wide range of applications, e.g. in the brewing industry (where

it is used to make the individual iis better available for yeast fermentation), baking industry, paper industry
and detergent industry. The recent surge in the production of bioethanol as renewable energy carrier has opened
a new major market for amylase, where it is constantly developeditiver higher ethanol yield€ellulasehas

been commercially available for more than 30 years, and is commonly used for paper recycling, juice extraction,
as detergent enzymes and animal feed additives. Fungi that cause the rotting of wood possksstedkilases

and have been preferred over bacteria for cellulase production over the past years. Research efforts are focused
on improving the performance of the enzymes and the enzyme yield through direct genetic engineering as well
as on the discoverof new micreorganisms with even higher potential for cellulase production (Kuhad et al,
2011). The foremost promising application of cellulase with regard to the future lies in the production of second
generation biofuels, which will be discussed in endetail below.

Cellulases are currently the third largest industrial enzyme worldwide, by monetary value, due to their numerous
applications. However, cellulases may become the largest volume industrial enzyme if enough progress is made
to allow cellulog&c biomass to be used in other areas. This is because the use of starch as input for the
fermentation of sugar to produce bioethanol clearly competes with the food industry, which raises strong ethical
questions. Therefore it would be a major step forwérdellulosic material (which is not edible and abundantly
available) could be used instead. The current challenge is to develop enzymes that can be produced at low cost
(at high titers) and deliver a good catalytic conversion of the cellulose (Kuhad2ét4l). Scientists have found

a number of fungi (most notably the funglisichoderma reesgthat are very effective cellulase producers, and
these micreorganisms have formed the basis for many enzyme engineering efforts (Chundawat et al, 2011).
Signifiant advances have been made in this field, and a number of companies currently commercially produce
these enzymes (e.g. Novozymes since 2010). However, a general problem with enzymes that also applies to
cellulases, is that their stability in industrialnzitions is rather low. Therefore currently enzymes are developed
that perform better at i ndust r ROAQ). Celdasidethanolosncarreritht e mp e r
moving from pilot stage to large scale projects. According to an overviewdesehudy enzyme producer
Novozymes (seEBigure2.4), many large scale projects are soon to be launched. Yet, this figure demonstrates at
the same time the uncertainty that is still present in the next generation biofuel field, as BP very recently
cancelled its investment (BP, 2012). It will become cleéné next years whether it is indeed possible to engage

in large scale and commercially viable cellulosic ethanol production.

1 Given their different functions in the plant (energy storage versus cell wall strength), starch is typically easier tdobneakto its
composing sugar units than cellulose (which for example cannot be digested by humans unlike starch).
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Figure2.4: Overview of recent large scale cellulosic ethanol plant investments
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Note: The number above each plant refers to the production volume (expressed in million gallons per year). The comparthiebehind
investment is indicated underneath in bold.

Lipasediffer greatly as regards both their origins (which can be bacterial, fungal, mammalian, etc.) and their
properties, and they can catalyze the hydrolysis, or synthesis, of a wide range of different carboxylic esters and
liberate organic acids and glycerdiraditionally they have been used in the paper and detergent industry,
exploiting their capability to cleave lipids. However, as it was discovered that lipases are powerful tools for
catalyzing not only hydrolysis, but also various reverse reactionb, asesterification, transesterification, and

aminolysis in organic solvents, they have been used for synthesizing molecules (biocatalysis) as well as cleaving

them. This property has made them the most important group of biocatalysts for biotechnolagigi&ations.

Their biocatalytic power has allowed them to penetrate new markets like the oleochemical and pharmaceutical
industry (Schoérken & Kempers, 2009; Sangeetha et al., 2011). They are also explored for their potential in
biodiesel production (Tante al , 2012). Current research is focusi
cost (which remains today too high for a broad penetration of the market) as well as improvement of the stability
of the enzyme during chemical conversions (Sangeettad 2011).

Biorefineries

A biorefinery uses biomass as input and processes it into many different products in the same way a petroleum
refinery uses petroleum. It is anticipated that many-smurced products will be produced from biorefineries fed

with biomass. The concept biorefinery refers to a combination of integrated plants addressing i) processing and
fractionation of renewable raw materials; ii) transforming feedstock to various products from food, feed, fibers,
bulk and fine chemicals up to bialy and iii) recycling the productdtar use where possible (FitzRk et al,

2010). In a biorefinery, all of the above described individual applications can be produced. The idea behind a
biorefinery is to combine several of these individual processes to improve their economy (OECD 2010).
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Biorefineries are not likely tbe fully demonstrated before 2015 (Foresight, 2010). The problems are (among
others) the rather early development stage of the core technologies and the lack of returns to scale compared
to petroleum refineries. Given this and the complementarity betwdmotech and traditional chemistry, a
promising strategy is to integrate a biorefinery into an existing chemical production (OECDI2®@ii8)regard,

the Commission expressed its aim to promote the setting up of networks with the required logistitefpated

and diversified biorefineries, demonstration and pilot plants across Europe as industrial biotechnology is only
one range of different existing process technologies that can be used in an integrated manner handling
diversified feedstocks in suehbiorefinery, leading to a variety of diversified output$o illustrate the different
processes that may be combined in a biorefindighle2.2 lists examples of biorefinery projects currently taking

place in the US.

Table2.2 - List of biorefinery projects in the US

Tead Partner Pro;eci

Project name Period Project cost Project Description and Status

Construction of a 1,200 tons per day commercial biorefinery producing cellulosic ethanol and also

power and heat to operate the facility. Agricultural residues would be converted via enzymatic

hydrolysis to sugars and fermented into cellulosic ethanol. Agricultural residues along with

ethanol plant residual solids and waste water treatment biogas, will be used to generate the
Integrated Biorefinery for necessary heat and power to make the facility energy self-sufficient. Current Status: Award
Conversion of Biomass to Date: September 2007. Record of Decision was issued January 2011 and supplementary
Ethanol, Power and Heat Abengoa Bioenergy N/A analysis issued July 2011.
Design, construct, build and Demonstration of the benefits of integrating an innovative lignocellulose-to-ethanol biochemical
operate a commercial process into an existing dry-grind comn processing infrastructure on a commercial scale. 700 dry
processing plant as part of an metric tonnes per day of lignocellulose, primarily from com cobs, will be processed to produce 25
integrated biorefinery to million gallons of lignocellulosic ethanol per year. Up to 80% of the corn dry mill's existing natural
produce lignocellulosic ethanol gas use will be displaced through renewable, alternative energy. Current Status: Award Date:
primarily from com cobs. POET Project Liberty N/A September 2008.
A commercial-scale biorefinery Plant uses a thermo-chemical process to combine pressure, heat, steam and biomass to
converting biomass into produce synthesis gas, or syngas, a mixture ofhydrogen and oxygen that can be converted to a
biofuels and power. Range Fuels N/A wide range of products. Current Status: Award Date: November 2007.

Construction and operation of a thermal gasification and gas-to-liquids plant ingegrated into the

Park Falls Mill to produce green diesel for transportation fuel, waxes, and heat and power that
Demonstration Plant - Biomass replaces natural gas. The plant will produce 1,190 barrels per day of clean, zero sulfur renewable
to Fischer-Tropsch Green Flambeau River biofuels, waxes, and heat and power that replaces existing natural gas use from forest biomass.
Diesel Biofuels N/A Current Status: Award Date: September 2008
Integrated Biorefinery
Demonstration Plant producing Plant for the continuous production of cellulosic ethanol, high purity lignin and furfural from
Cellulosic Ethanol and hardwoods. Plant will process 100 tpd of woody biomass, initially local hardwood which is
Biochemicals from woody plentiful, and in future test campaigns, softwood and agricultural residues. Current Status:
biomass. Lignol Innovations, Inc N/A Award Date: TBD

Project would initially produce up to 40 million gallons per year of denatured enthanol from
Mascoma Frontier Biorefinery approximately 1,300 dry metric tonnes per day of cellulosic materials consisting primarily of wood
Project Mascoma Corp. N/A wastes. Current Status: Award Date: February 2009

Construct & operate a thermal gasification and gas-to-liquids plant integrated into Wisconsic
NewPage: Project Rapids Mills to replace natural gas use and produce liquid biofuels that will be converted into
Independence NewPage Corp. N/A renewable diesel. Current Status: Award 1 Sept. 2008; Award 2 TBD.

Design, construct and operate a feedstock flexible demonstration facility producing cellulosic
Pacific Ethanol Pacific Ethanol Inc. N/A ethanol. Capacity of 2.7 mill gallons of ethanol per year. Current Status: Operational 2009

Construct integrated biorefinery that will extract hemicelluloses from wood chips to make biofuel

and other specialty chemicals at existing pulp mill. Cellulose & lignin will be maintained in the

pulp manufacturing process. Facility will produce 1.5 million gallons per year of Current Status:
Red Shield Acquisition Red Shield Acquisition N/A Award Date: January 2010

Project is operating the demonsiration facility to validate findings from the pilot plant operation in

the production of cellulosic ethanol from purpose-grown energy crops and agricultural residuals.
Verenium: Jennings 1.4 MGY This demonstration facility is fully integrated from feedstock pretreatment to recovery and
Demonstration Plant Verenium Corp. N/A distillation of the biofuel product. Current Status: Award Date: September 2008

Source US department of Energy

2 EC Communican on Innovating for Sustainable Growth: A bioeconomy for Europe, 2012
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2.3.PHOTONICS

2.3.1. Introduction

The Europea@ommission has identified photonics as one of the Key Enabling Technologies. According to Pierre

Ai grain,

“Photonics 1is

the science of

harnessing

ligh

of light, management of light, through guidamcmanipulation, and amplification, and most importantly, its

utilization

for

the benefit of manki nd?” .

An

appeal i ng

to light and photons, as electronics do to electricity and electrons (Photonic2022). Photonics covers the
whole spectrum of visible and invisible light, including microwaves arayX The unique properties of light

allow the development of applications that would not be possible otherwise. By using light (photons are-energy
rich light packages) as information carrier and as energy carrier, photonics adopts more and more tasks that
previously were done by means of electrical and electronic processes. For example, the large majority of
telecommunication happens today over optic fiegHLGPhotonics, 2011), that provided ground for the success

of the World Wide Web. Photonics is increasingly present in our everyday lifalfe?.3illustrates, the number

of applications is very diverse. They can be found in fields as varying as energy, manufacturing, communication,

medics and defense.

Table2.3 - Division of photonics by subfields algnwith examples of applications

Field of Technology

Applications Examples

Production Technology

Laser Materials Processing Systems
Lithography Systems (IC, FPD, Mask)
Lasers for Production Technology
ObjectiveLenses for Wafer Steppers

Optical Measurement anc
Machine Vision

Machine Vision Systems and components
Spectrometers and Spectrometer Modules
Binary Sensors

Meas. Systems for Semiconductor Industry
Meas. Systems for Optical Communications
Meas. Systems fdOther Applications

Medical Technology and Lif
Science

Lenses for Eyeglasses and Contact Lenses

Laser Systems for Medical Therapy and Cosmetics
Endoscope Systems

Microscopes and Surgical Microscopes

Medical Imaging Systems (only Photorizsed Systems)
Ophthalmic and Other in VivDiagnostic Systems
Systems for Witro-Diagnostics, Pharmac. & Biotech R&D

Optical Communications

Optical Networking Systems
Components for Optical Networking Systems

IT: Consumer Electronic
Office Automation, Printing

Optical Disk Drives

Laser Printers and Copiers, PODs, Fax and MFPs
Digital Cameras and Camcorders, Scanners
Barcode Scanners

Systems for Commercial Printing

Lasers for IT

Sensors (CCD, CMOS)

Optical Computing

Terahertz Systems in Photonics
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Lighting Lamps
LEDs
OLEDs
Flat Panel Displays LCD Displays
Plasma Displays
OLEDs and Other Displays
Display Glass and Liquid Crystals

Solar Energy Solar Cells
Solar Modules
Defense Photonics Vision and Imaging Systems, Including Periscopic Sights

Infrared and NighVision Systems
Ranging Systems

Munition / Missile Guiding Systems
Military Space Surveillance Systems
Avionics Displays

Image Sensors

Lasers
Optical Systems ani Optical Components and Optical Glass
Components Optical Systems (“Classical”™ O]

Optical & OE Systems & Components Not Elsewhere Classified
________________________________________________________________________________________________________________________|
SourceOptech (2007) anéschhoff et al. (2010)

As there are numerous applications of photonics, we will focus on the developments in the field of solar energy,
optical communication, lightinggnd displays in the next sections.

2.3.2. Technological developmentand applications
Solar energy

One of the best known applications of photonics is the capturing of solar light for energy purposes. The advantage
of the use of solar energy is obvious as #usarce is abundantly available on earth (though with strong regional
differences). The search for renewable energy sources has led to a strong increase in the use of solar energy
worldwide in recent years. As can be seeffrigure2.5, the installed photovoltaic capacity amounted to about
23000 MW in 2009, with Europe having the lion's share. Yet, this represents only a tiny fraction of total glectricit
generation (less than 1 percent). Even if the installed capacity is expected to grow with an annual rate of about
25% on average worldwide between 2010 and 2017, it will become at best a modest source of energy supply in
the short term. The main challeador solar energy is to reach cost parity with other energy sources for electricity
generation during peak demand times, as it is currently rather dependent on government support (NRC, 2012).
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Figure2.5: Evolution of installed photovoltaic energy capacity over the period 262009
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Source: European photovoltaics industry association

The best known method to capture sunlight and generate electriciph@tovoltaics (PV). This method uses
semiconductor material having photovoltaic properties, that is, materials wherein an electric current is
generated upon exposure of light. This implies that photovoltaics generate an electrical current directly in the
process of caguring light (while other systems use intermediate carriers of energy).

Thefirst generation photovoltaic solar panels are made of a crystalline structure which uses silicon (Si) to
produce the solar cells that are combined to make PV modules. Thisésamdnocrystalline, polycrystalline,

and silicon ribbon technologies (Chaar et al, 2011). In 2010, over 75 percent of the capacity of PV systems
installed was firsfgeneration solar cells. Silicon photovoltaics are the most mature and widely acceptedfor

PV, and they still exhibit some of the highest conversion efficiencies of available technologies. PVs are expected
to continue to dominate the market till 2017, although they are expected to lose market share to emerging
technologies (NRC, 2012).

Seond generationphotovoltaics uses the scalled thin film technology. The advantage of this technology lies

in the fact that the thickness of the deposited layers is barely a few microns thick (smaller than 10 um) compared
to crystalline wafers (more thatO0 um), in addition to the possible creation of flexible PV modules. The resulting
advantage is a decrease in manufacturing cost due to the high throughput deposition process as well as a lower
cost of materials. Yet, this technology has the disadvanthge the thin layers absorb less incoming solar
radiation, and hence the resulting efficiency is lower (Chaar et al., 2011). However, the reduced costs more than
offset the lower efficiency, making this technology economically viable. Segemeration phdovoltaics
accounted for approximately 21 percent of the global installed capacity in 2010 and are projected to gain market
share over the next years, reaching 38 percent of installed capacity in 2017 (NRC, 2012).

While the second generation emphasis l@sthe reduction of material cost, thihird generationapproach is

to target both lower costs and higher efficiency. Third generation is among others concerned with the
development of multiple junction technology and the introduction of nanocomponentkarPV cells. Multiple
junction technology (or tandem technology) refers to the attempt to create a PV cell that absorbs a wide range
of wavelengths, reducing one of the largest inherent sources of losses of traditional PV cells. The introduction of
nanos@le components is done as they sometimes can reduce the limitations seen in other PV technologies. In
fact, one of the most promising applications of nanotechnology lies in the area of solar energy (NanoRoadSME,
2006). The use of carbon nanotubes and quamtdots for solar energy purposes will be discussed in more detalil
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under the KET nanotechnology (sectB.2, where the concepts of carbon nanotubes and quantlots will
be introduced.

The concept ofconcentrated solar power (CSP) systendgffers from photovoltaics in the fact that an
intermediate carrier of energy is used. Indeed, one of the disadvantages of photovoltaics is the weak potential
for energy storag as batteries or other means of electrical storage must be employed to store the power
generated when the sun is out (NRC, 2012). The idea of CSP systems is to use relatively simple optical reflectors
to direct the light towards a liquid, which will thdre heated. The resulting steam can then be used to generate
electricity. At the same time, the energy from the sun can be stored as heat in the liquid for quite some time,
which is the major benefit of concentrated solar power systems over photovolteiddAE, 2011).

The most common available form of CSP is the parabolic trough concentrator (PTE)g(se.6). These
systems are usually set up onaaxis tracking systems, which track the sun during the day. This type of plant
consists of a parabolic mirror focusing sunlight on a tube of Hreatsfer medium, usually oil, which is then
heated and used to create steam to drive an electric generafbe parabolisshaped and facetted mirrors
concentrate the sunlight on the receiver tube. There are several innovations in parabolic trough collector (PTC)
technology under development or in prototype status. Current R&D focuses on cost reductions isehghhs

and production process, lighter collector structures, new materials for collector structures (such as aluminum),
and new heatransfer fluids (e.g. molten salt and direct steam) (RBN\2011).

Figure2.6: Parabolic trough concentrator

Source: Acciona Solar Power

Beyond the most commercial trough technology, which represents 94 percent of the installed CSP plant capacity
today (Irena, 2012), other technologies are becoming more commercial anikaketo increase their market
shares in the near future. One example is the Solar Tower Plant, also called Power Tovdgse27), a
system conmercially operated in Spain by Abengoa). This system concentrates the incoming direct solar
irradiation onto a towemimounted receiver where the heat is captured, typically generating high temperatures.
The generated heat then drives a theradgnamic cyclgin most cases a watateam cycle, to generate electric
power (ESMAP, 2011). Power tower systems offer a more efficient alternative to parabolic troughs that are
currently dominant in the CSP market. They deliver better conversion efficiency, make fifimemeuse of land,

and the mirrors needed are less expensive to manufacture and maintain than the parabolic mirrors used in trough
systems. An important drawback of tower technology is that it requires a large investment, implying that only
large scalglants can be economically viable (NRC, 2012).
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Figure2.7: Solar Tower of Abengoa near Seville

Source Abengoa

Optical communication

Today, optics serves as the most important mode of transportatianfofmation. The exchange of information

is based on the generation of light impulses and the transmission of these impulses over optical fibers. Optics
has become the major way of communication thanks to its potential to transport very large amounts of
information (NRC, 2012). One famous example is the World Wide Web, which has been able to connect remote

places by using optical fibers for long distance communication. As can be seguie2.8, the internet took

over the voice telephone as the largest mode of information exchange, resulting in a hundred fold increase in

network bandwidth over the past decade.

Figure2.8: Information traffic (expressed in bytes per second) for voice telephone, the internet and overall

communication for the period 198&007
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While in 1988 an undersea optical cable could transport about 280 Mb/s, ®gagms that can carry 5 Th/s are
available, and in terrestrial systems up to 10 Th/s has been realized (transoceanic systems tend to have
somewhat lower capacity due to a number of technical reasons involving very large distance transportation)
(NRC, 2012 At the heart of this tremendous increase in information transportation capacity lie a number of
technical advancements. One of most i mportant ones
(WDM), which was first used more than 10 years amd allows to transmit diverse channels of different
wavelengths, hence effectively increasing the amount of information transported per fiber. This has resulted in
fibers carrying up to 100 different wavelengths at one time. Apart from WDM, other inepnewnts have been

made as wellEven though the advancements in terms of capacity have been tremendous, it is far from certain
that it will be able to follow the future demand. So far, optical communication is based on the use of single core,
single mode fiers, but a study of the theoretical limitations of this type of fibers illustrates that they may not be
sufficient to serve future demand, which is estimated to increase about hundredfold (Essiambre, 2009; Winzer,
2010). Therefore, current technology wiked to be extended to multiple mode/ multiple core fibers. The core

of the fiber refers to the physical room in the fiber where the actual transmitting of light waves occurs. Hence a
multi core fiber contains several independent dateeams (se&igure2.9 for an example with seven cores which

is currently one of the most investigated types). A multiple mode fiber is a fiber with a larger than usual core,
which allows independent data channels on each of the orthogonal spatial modes. Both technologies are
currently actively investigated. One of the major challenges today is to overcome the crosstalk between different
data sources that can arise in these settings (Sillard, 2011; NRC, 2012).

Figure2.9: Single ore optical fiber versus multiple core fiber
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With the spectacular growth of data communication in mind, saving on energy consumption is becoming a key
issue. This is particularly relevant since there are no returns to scale associated with increased data traffic for
optical communication. Thereforethniques are being developed to model (and eventually reduce) the energy
consumption of optical fiber networks (NRC, 2012).

Displays

Display technology forms an essential part of the information age. The cattaydebe (CRT) display technology

has llmg been the standard, however despite important advancements they have remained rather bulky and
heavy, and they have been gradually replaced by other technologies since early 2000. One of these technologies
is plasma display technology, based on the degplent of electrically charged ionized gases, which allows for flat
displays with good picture quality (e.g. high refresh rates). This plasma display technology is well suited for large
screen applications but production of smaller (computer) screens isesoohomically viable. Liquid display
technology, on the other hand, has grown from the smaller computer segments to larger screens, where they
have overtaken plasma screens. This display technology allows for light structures that use less energy than
plasma screens and also provide good picture quality. The lower energy use has enabled many mobile (= battery
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driven) applications. As such LCDs have become the dominant type of display over the past decade. During this
period, LCD technology improved sigrafitly in several aspects like resolution, quality, reliability, size, cost, and
capability. LCD technology is omnipresent in our |
thought to dominate the display market for the next decatiiRC, 2012).

In recent years, a new technology using organic light emitting diodes (OLEDs) has emerged that could have a
potentially large impact on the display market. OLEDs make light by exploiting the electroluminescence (the
generation of light upon th imposition of an electric current) of the organic semiconductor materials they are
made of. As such, an array of OLEDs can directly generate the displayed image rather than light a modulator to
create the displayed image (as is the case for LCD). Bettmusnage is directly generated, light is not wasted

in intermediate steps, and the displays can be thinner as generating the image is astépgfgocess. OLED

based displays can therefore be brighter than LCDs and consume less power. Other keygaedvahthese
OLEDs are the fact that displays are light in weight, emissive fast, operate at a very low voltage and offer the
prospect of simple fabrication. Moreover, the use of organic molecules is more durable and offers potential for
flexible display¢Kalyania & Dhobleb, 2012). Currently the first prototypes of such flexible display mobile phones
are appearing (TechRadar, 2013).

Today, OLEDs are used in many applications like cell phones, digital cameras and MP3, where their superior
energy use and dplay quality is of great advantage. In 2012 the global OLED market amounted up to 5 billion
dollar, and is expected to grow to 26 billion dollar by 2018, a 31.7% compound average growth rate. Mobile
phones are the largest end use applications and accfouritl% of the total OLED displays market (Transparency
Market Research, 2013). However, the OLED technology experiences difficulties to break through in larger display
markets, like the television market. It is expected that important progress in manufagttechnology will be

needed to obtain more cost competitive products in this area (Semenza, 2010; NRC, 2012). Several large players
in the television market already offer OLED televisions, but due to technology constraints, producers struggle to
mass poduce larger models (The Wall Street Journal, 2013). It is expected that technological advancements in
this area will allow the share of OLED television displays to surpass the share of mobile phones in the second half
of the decennium (Transparency Matkgesearch, 2013).

Lighting

While OLEDs are used mostly in display applications, the conventional LEDs (that use inorganic semiconductor
material instead of organic) are rather used in the area of ligRtiadight bulb emits light after heating up to a
certain temperature, which is a rather inefficient process. Replacing the traditional forms of lighting, it has the
potential to save significantly on energy consumption. According to the US Departmerdgrgy EDOE), the LED
technology as a whole has the potential to reduce the American lighting energy usage by almost half (DOE, 2012).
This is underscored by a study of McKinsey (2009) of abatement costs of pollution that showed that lighting
offers the secad largest potential for cost savings, after insulation. Examples of the use of LED technology are
traffic lights, street lamps, regular lamps, and car lights (Ahn, 2013). The LED technology is likely to benefit from
the trend of governments to impose regttion on energy use, especially in the area of lighting. The LED
technology also suffers from some disadvantages as LED technology based products are rather expensive and
sensitive to high temperature, leading to difficulties in a number of applicati@espite these current
limitations, LED technology is thought to become increasingly important for society (NRC, 2012).

3 LEDs are however also used in TV applications, but only for the purpose of backlighting (the illumination of the scte¢hg sdneen
itself is still of the LCD type. Hence thften used term LED TV is somewhat misleading, as they are essentially LCD TVs with LED backlights
(CNET, 2011).
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2.4. MICRGAND NANOELECTRONICS

2.4.1. Introduction

The KET micr@and nanoelectronics (MNE) bears close relationship to the development affilvenation age.
Several decades of innovation have pushed the boundaries of what computer power can achieve at an ever
decreasing cost. Today, MM&sed components are integrated into virtually all domestic devices, such as cars,
home appliances, smaghones, computers, televisions, cameras. They have transformed virtually every sector
of industry, be it automotive, ICT, medical or banking sectdt<HINE, 2011). MNE has three basic elements,
namely components that function as part of the computer memaomponents that play a role in information
processing, and system architecture that brings these functions together in a functional chip. Apart from this,
there are also sensors and actuators, linking the electronics to the outside environment. Befoirggtto a
discussion of the recent technological developments for specific applications, we will provide an overview of the
general trends that are taking place within mieemd nanoelectronics.

2.4.2. Technological developments and applications
General trend: More Moore (MM) and More than Moore (MtM)

In 1965 Gordon Moore, efounder of Intel, noted a pattern in the evolution of the number of transistors on

integrated circuits (ICs), as they seemed to double approximately every two years. The doublingwhtier

of transistors enabled a corresponding increase in the performance of the ICs. This observation is nowadays
referred to as Moore’s | aw. This | aw, which i mplies a
accurate over the next decaddseeFigure2.10). The semiconductor industry has taken this law seriously and

has used it to set R&D targets and long term planning.
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There has been a trend of shrinking the physical sizes of electronic features, in order to obtain higher density
(which results in lower cost per function) and better performance (speed and power use). All efforts that focus

on continued miniaturization ieferred to with the termMore Moore, as it uses the ‘tradit.i
better integrated circuits. The spectacular advancements made through constant miniaturization have allowed

a virtuous circle of functional profitability and investment letter products which in turn has led to an

exponential growth of the semiconductor industry and impact on everyday life (ITRS, 2010).
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The spectacular advancements in terms of miniaturization would not have been possible without associated
progress in manfacturing techniques. This is a very good example of how manufacturing technologies are
enabling technologies: a solid and effective manufacturing basis underlies the widespread success of a given
product. Two techniques that have greatly impacted theduction of ICs will therefore be discussed under the

KET advanced manufacturing techniqesction2.7.2).

More recently a second trend emerged in electronics, the integration of more and more netfigital

functionalities. This migration of nedigital components occurs in the package containing the integrated circuit

(system in package), or even into the chip itself (system on a chip) (ITRS, 2010). Theseordigital
functionalities do not necessarily scale according t
ways HLGMNE, 2011) . Ther ef dMorethanMooss .i sBatelf etrirerddEgwa raes pr e s
211

Figure2.11: Schematic overview of the More Moore and More than Moore principles
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The added nosdigital functions may imply analog and mixed signal processing, the incorporation of passive
components, higkvoltage components, micrmechanical devices, sensors and actuators, and niiiaidic

devices enabling biological functionalitielore than Moore technologies should not be regarded as an

alternative or competitor for More Moore. In contrast, the heterogeneous integration of digital aneligital

functionalities into compact systems will be a key driver for a wide variety of afiplicfields, such as
communi cati on, automotive, environment al control , he:
Moor e” may be viewed as the brai nthan-Mo@ame”’i nrteefldrigent
capabilities to interact withthe outside world and the user (ITRS, 2010).

The next section will discuss the evolutions of some specific applications. First, the fundamental functions of
microelectronics, namely information processing and memory, will be discussed. These functityysicaiky
comprised under the More Moore term. Next, Micro Electro Mechanical Systems (MEMS) will be discussed.
MEMS are systems that include a digital function and a mechanical function, which allows interaction with the
outside world. MEMS are examplekthe integration of heterogeneous functions (More than Moore trend).
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Microprocessor

One of the major events in the area of microprocessors over the past years is the large scale introduction of
multicore processorsA multicore processor is a processimait contains multiple central processing units in one

integrated structure (chip). Before the advent of multicore technology, improving the performance of a processor

was usually done by speeding up the pratagrcs, asohis’iss f r e gt
associated with strong increases in power consumption (a rule of thumb is that doubling the frequency causes a
fourfold increase in power consumption). An alternative is then to use multiple processing units that can work in

paralld, hence splitting up the work to be done, which can give the same results of using a single core with a

higher frequency. As can be seerFigure2.12 an increase of the frequency of a single core processor from 1

GHz to 1.5 GHz almost doubles power consumption while going from the single core 1 GHz to a double core 1

GHz demand much less extra power.

|
Figure2.12: Example of power consumption of single and dual core processors
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Following the same reasoning, one could opt for multiple processors on different chipsall@d
multiprocessors). For most applications (like regular PCs and laptops) the multicore technology is used, while for
others (such as servers) multiprocessore arsed. The advantage of multicore processors is that the
communication latency is typically lower than that of a multiprocessor. Bandwidth between cores of a multicore
processor is also typically higher than a multiprocessor. This is due to the proginttig processor cores
(Domeika et al., 2008).

The current trend is to create homogeneous multicore devices, that is, devices containing identical cores. In the
future heterogeneous multicore devices may become more important, as using specialized aoene to

offload the main cores which can lead to a performance advantage and lower power use. Given a diverse
workload, a heterogeneous multicore system with fast (high frequency) and slow (low frequency) processors,
the heterogeneous processors candssigned specific tasks with a more efficient overall result (Saez et al, 2011).
There is also a trend towards the integration of more cores. Currently PCs with six and even eight cores already
exist. A further increase is not expected in the near fuasehe use of multicore processors is rather demanding

on the software side (it has to be adapted to parallel processor work), which currently limits the progress of
multicore technology. Writing applications that execute in parallel is not straightfonaacdsometimes even
impossible. Moreover, while in a dual core system the distribution of tasks is still rather straightforward, in a
many core system applications must be redesigned to take optimal advantage of the processing power available.
Hence a coect handling of the software issues and avoidance of inefficient cores will be crucial for the further
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development of multicore technology. Despite this, there is little doubt that the trend of increases in the number
of cores per devices will continue avthe next years (Freescale, 2009).

Computer memory

It is common to make a distinction between computer memory that is volatile orvadatile in nature, that is,
memory that retains information when electricity is powered off or not. Volatile memoryeseas temporal
storage of information while nowolatile memory (such as hard disks or Flash memory) can be used for long
term storage. Typically volatile memory is very fast, while-molatile memory has a substantially lower cost
(Deng & Zou, 2011). &dynamic random access memory (DRAMEhnologyis nowadays become the main

type of volatile memory. The name stems from the fact that (i) the access to stored data does not depend on the
location of storage (hence the random access) and (ii) informasicstored through a charge in an electronic
circuit, which can leak away and therefore needs to be refreshed from time to time (hence dynamic).

There are multiple developments going on in the field of DRAM. For many decades this memory technology has
beensuccessfully scaled down to achieve higher speed and increased density of memory chips at lower bit cost,

foll owing Moore’ s | aw. However, its functioning thro

potential for further downscaling. Ampcoming technology that might replace DRAM over the next years is called
ZRAM. It derives its name from the fact that it does not require a capacitor and can function with a transistor
alone. This allows it to scale down further and reach higher deesMereover, this technology does not require

major modifications in terms of material or production process (Makarov et al, 2012). Some leading
semiconductor companies have already shown interest in this technology (EETimes, 2006; CNET, 2007), but so
far not used it commercially.

In the field of nonvolatile memory, tha-lash technologyas gradually taken over the role of more traditional

long term storage like magnetic disks. This technology allows to erase and write whole blocks of memory at once
(hence the name Flash). Its major advantages are the small physical size, the absence of mechanical components
(which makes it robust to rough handling), low power consumption, and high performance. They are increasingly
replacing conventional storage applicats, particularly in mobile and embedded applications, where either size
and power or performance is i mportant. The cost of
the past years. Even though there remain some concerns on the potentialstf fAemory for large scale data
storage, many companies are currently facilitating the use of Flash in their storage systems (Deng & Zhou, 2011).
For example, Google has announced to use Flash based drives in its servers, as an effort to reduce the energy
consumption (InformationWeek, 2008).

Flash technology is a charge based storage technology, like DRAM, and therefore facing limits of scalability. In
the longer term scientists see an evolution towards a universal;vubatile type of memory, as the adviages

of nonvolatility are obvious. A range of new memory technologies that are bothalange based and nen

volatile have been proposed in recent years. Two of the most promising technologies for a future universal
memory (that can be used in all applions) areResistive RAM (RRAMNd Spin Torque Ram (STRAMhe

RRAM uses a metaisulatormetal structure, and the properties of the insulator can be set at different levels by
applying an electrical field. The STRAM uses magnetic layers, which edtshmagnetization direction changed
between two states, hence storing information (Kawahara et al, 2012). However, although very promising, both
technologies are currently only in the prototype stage (Makarov et al, 2012).

MEMS

Micro-ElectreMechanicalSystems (MEMS) are miniaturized mechanical and elengchanical elements (i.e.,
devices and structures) that are made using microfabrication techniques. Their defining characteristics are small

4 As is true for many upcoming technologies, ZRAM is sometimes often named differently, namely as 1T RAM, stemming fitattmathe fac
there is still one transistor (1T) but no capacitator.
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size (from several millimeters down to less than one micamj the combination of several mechanical and
electrical functions. The types of MEMS devices can vary from relatively simple structures having no moving
elements, to extremely complex electromechanical systems with multiple moving elements under thel oént
integrated microelectronics. MEMS have the capability to interact with the environment through sensors and
actuators and to process signals through their microelectronic circuit (Ryh&nen, 2010).

MEMS encompass a broad class of systems. Exampledamadio frequency MEMS, that allow communication
with the outside world through the use of radio waves, accelerometers measuring the acceleration of a given
object and microfluidics MEMS. Figure2.13, the composition of the current market by subfield as well as the
projections for future market developments are given. The figure shows that the MEMS market is expected to
grow strongly in the next yas. Traditionally MEMS have been used extensively in automotive applications, but
there is ongoing trend towards the use in (mobile) consumer electronic devices, making these devices more
intelligent and aware of the environment (Ryhanen, 2010).

Figure2.13: MEMS forecast through 2017
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Over the past years, MEMS have experienced a strong trend towards the integration of sensor and actuators,
along with integrated circuitspnto a common silicon substrate. This integration of digital and-digital
functions is in line with the More than Moore trend. From a manufacturing point of view, this integration can be
achieved by combining the standard IC process sequences (sGMM®@S8) with compatible micromachining and

thin film deposition steps. The additional fabrication steps can precede@mOS) or follow (postMOS) the
regular CMOS process, or can be performed in between the regular CMOS steps (inter@8&d% (Ghosh &
Bayoumi, 2005). The physical integration of several functions has the advantage of lower cost (less material needs
to be used), better signal transmission between the different functions (less noise) and less power use (Yurish,
2007). Moreover, as most aghe standard IC processes and materials, these MEMS can be produced on a large
scale and brought to the market at low cost. The continued integration of functionalities will therefore be one of
the main drivers of the further expansion of MEMS (Ryhaaéap).

5cmos (Compatible Metal Oxide Semiconductor) is a widespread technology for constructing integrated circuits.
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2.5. ADVANCED MATERIALS

2.5.1. Introduction

Advanced materials atthe building blocks of every physical prodacd hence are omnipresent in our everyday

life. Materials technology is a complex and mdisciplinary science that deals with every stagenf

development to manufacturing in the search for improved or new functions. In recent years, much attention has
gone to “smart” or “active” material s. I n advanced m
between material microstructure@mposition and its technical properties, how microstructure influences

behavior in different applications and how it is achieved and can be modified and contogllednufacturing

technology (EMAT, 2006). It is clear that advanced materials act as agtemabling technology as for new

products to be developed it is often essential to have materials with desired properties and/or functions. An

internal supply of advanced materials is therefore considered crucial for Europe, as having this only outside
Euope makes the whole economy vulnerabitl GMAT, 2010). Typical examples of advanced materials include
lightweight materials, materials that can function in extreme conditions, materials that can serve as protective

coating (against various external fact s ) , or materials that have some sor:
sections, we will discuss lightweight materials and materials resistant to extreme environments.

2.5.2. Technological developments and applications
Lightweight materials

Lightweightmaterials have been of interest for quite some time, for example in the automotive industry.
Replacing parts with lightweight counterparts allows cars to carry advanced emissiotis| equipment, safety
devices, and integrated electronic systems withaut associated weight penalty. Using lighter materials also
reduces a vehicle’'s fuel consumpti on, because it take
10% reduction in vehicle weight can result in a8% fueleconomy improvement. lithis respect, lightweight
materials will be particularly useful as they offset the weight of power systems such as batteries and electric
motors (DOE, 2010). In the automotive industry, there has a trend towards the integration of other materials,
next tosteel (seerigure2.14). A weltknown example is aluminum, which offers good strength and low density
compared to steel. In the short term, aluminum combination with high strength steel and composites is
expected to substitute conventional steel, which can lead to environmental benefits (Palencia et al., 2012). In
the longer term, 50% to 75% in weight reduction for some components will be possiolegth the use of
advanced materials such as magnesium and caftimr-reinforced composites-igure2.14 shows that these

new materials are expectew contribute significantly by 2035, bringing down the share of conventional steel in
cars from 60% to 20%.
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Figure2.14: Typical composition of cars, past and in the future
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The interest in magnesium is derived from the fact that it is the lightest engineering metal available at earth: it
has about 2/3 of the density of aluminum and 1/4 of that of iron. Besides low density, magnesium based materials
exhibit good specific mecinécal properties, machinability, castability, weldability and thermal stability.
However, as magnesium has low ductility, modulus of elasticity and limited strength and creep resistance at
elevated temperature, it is rarely used in its pure form. Instaads usually alloyed with other elements like
aluminum, zinc, silver and zirconium to improve its properties, although this potential can be further optimized
(Alam et al., 2011).

Materials resistant to harsh conditions

Materials can be subject toarsh environmental conditions during usage. These environmental factors can be of
thermal, mechanical, radiated or physichemical nature (seEigure2.15). While any of these forces separately
already poses challenges for material design, they often occur together leading to extreme and complex loading
conditions of materials (Extremat, 2010). High temperature, for example, not only weakens chieomda) it

also speeds up the chemical reactions of corrosion (DOE, 2008). The capability of materials to resist harsh
environmental factors often imposes limits on production processes. For example, the operating temperature of
several processes has to himited to what materials can handle while higher process efficiencies could be
obtained at higher temperatures (FAT, 2006). As a consequence the economic as well as environmental gains
possible from advanced extreme environment resistant materials ansiderable and the subject of intensive
research.
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Figure2.15: Types of external factors resulting in extreme conditions for material use
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In this area intermetallicxonstitute a new important class of engineering materials. Intermetallics are
compounds created by the binding between different metals (like aluminum, iron, and titanium) and have crystal
structures that are different from those of the constituent metals. They passegstal structures with an
ordered atom distribution, and due to their properties they occupy the intermediate position between metals
(who are for example very sensitive to corrosion) and ceramics (who are known to be very temperath
corrosion restant) (EUMAT 2006). They have relatively low densities, high melting points, good thermal
conductivities, and excellent high temperature strengths. Many intermetallics also show a vyield strength
anomaly, this is, their strength increases rather than dases with temperature. As a result, these intermetallics

are particularly investigated for structural applications at elevated temperatures, for example for use in aircraft
engines where some intermetallics are already used today (Cinca & Guilemany, PO&£) is strong interest

from the aerospace, automotive and turbine power generation markets to use intermethdigsd structures.

It is expected that advanced materials based on intermetallics will allow higher engine efficiencies which will lead
to sgnificant reductions in fuel consumption and a considerable decrease in exhaust gas emissions (Frommeyer
& Rablbauer, 2008).

Apart from their use as structural components, intermetallics can also be used as coating against environmental
influence. Interméallics based on aluminum are particularly useful since they are able to form protective alumina
scales under hostile conditions. This alumina (formed by the reaction of aluminum with oxygen from the
surrounding environment) is one of the best protectiveface oxides and therefore a very effective protector
against corrosion at high temperatures. Currently intermetallics are already used for surface coatings while many
more applications are underway. Research efforts are devoted towards finding the dptietal composition

and coating technology in function of the respective applications.
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2.6.NANOTECHNOLOGY

2.6.1. Introduction

An atom, the basic building block of every form of it
perception. However,tathe end of the 20th century, with the breakthrough of nanotechnologies, it was realized

that the nanometric size, close to that of atoms, is no longer beyond perception or range of action.
Nanotechnology has now become a part of our everyday life (Pu2@4.1). Nanotechnology is a very diverse,

naturally multidisciplinary crossutting concept that covers a wide range of developments from novel
approaches for the development of new materials to structures with taidede unique properties. The

emergene of nanotechnology has potential implications for the creation or refinement of a wide range of
materials and devices with applications across society from medicine and electronics to materials and energy
related topics like storage, efficiency and trangation (HLG Nanp2010.

The defining characteristic of nanotechnology is the involvement of materials with extremely small dimensions,

but obtaining a precise definition of the scope of nanotechnology is not straightforward. It is commonly described
as“the study of the controlling of matter on the nano
sized between approximately 1 and 100 nanometre-@lfhetres) in at least one dimension, and involves
developing materials, structures or devices hiit that $ z eHLG Nanp 201Q. In the next sections, the
developments of several promising applications of nanotechnology are discussed namely carbon nanotubes,
graphene and quantum dots.

2.6.2. Technological developments and applications
Carbon nanotubes

Carbon nanotubes (CNTSs) are tubes based on rolled graphene sheet. Graphene is a layer of atomic thickness
made of pure carbon. A carbon nanotube has the periodic structure of a crystal. The diameter of a CNT is a few
nanometers while its length can reachurdreds or thousands of nanometers. There are two main types of
nanotubes available today. Single walled nanotubes consist of a single sheet of graphene rolled seamlessly to
form a cylinder while mulivalled nanotubes consist of an array of such cylindermed concentrically and
separated by about 0.36 nm (ségure2.16).

Figure2.16: A single anddouble walled carbon nanotube
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Source: Reilly (2007)

Over the last two decades, CNTs have formed part of extensive and multidisciplinary research due to their
superior properties over other materials and wide range of applications. In fact, they have been designated in
several occasions as the most reseactheaterials of the 21st century (Ying et al.,, 2011). CNTs display a
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combination of highly interesting properties like a high tensile strength (which can be more than 100 times that
of stainless steel, while at the same time being lighter material), theocmdiuctivity (comparable to diamond),
stability and resilience, as well as different electrical properties (they can be excellent conductonparable

to copper— or semiconductors depending on the arrangement of the graphene sheet) and their ability t
establish different types of interactions with a variety of (in)organic chemicals (Hed®mara, 2012). Many
applications arise from the surprising and desirable properties they exhibit, some of which are already being used
in new and improved produst(ION, 2012). Below we will provide some exanfples

As mentioned in the section on photonics, an important application field of carbon nanotubes is solar energy.
The need to decrease the cost of solar electricity in order to become more competitivetivthenergy sources

has driven research in unconventional photovoltaic (PV) device fabrication methodologies using materials that
are abundantly available on earth. One of the technologies that have emerged from these efforts is organic
photovoltaics (OW). In recent years, a remarkable increase of the power conversion efficiency (PCE) of
laboratory-scale, solutiorprocessed OPV devices has been realized, from the range of 2% to current efficiencies
in excess of 10%, a value that is widely consideredtsshahmark for commercialization. The incorporation of
CNTs in the active layer of photovoltaic cells is promising as they possess excellent electrical conductivity needed
for the generation of the electrical current and offer the ability for widely tueatbsorbance throughout the

visible and neainfrared (NIR), which could increase the percentage of absorbed photons in OPV devices.
However, a number of issues still have to be resolved before the full potential of CNTs can be exploited (Ferguson
et al.,2013; Tenent et al., 2009).

The possibility to use CNTs for water purification purposes has been extensively investigated in recent years.
CNTs have particularly received growing attention due to their capability to display superior durability and
separaton characteristics. The introduction of CNTs constitutes a significant potential breakthrough for the
desalination (the removal of salt from saline water) technology. Several studies on the transport properties of
CNTs have found that the extremely smodibllowed structure of nanotubes could facilitate rapid transport of
liquid and gas molecules in channels and hence offer high flux membrane separation performance. Notably, the
small and precise diameter size of CNTs is also proved to reject most ichsa&salts), hence only water
molecules are allowed to permit through the nanotube hollows (Goh et al., 2013). In this context another
advantage of CNTs is that the surface modification of CNTs with materials such as polymers, metal nanopatrticles,
biomolecules, and metal oxides allows them to form nanocomposites (NCs) that do not allow biofilm formation.
Biofilms are layers of bacteria that can grow on various substrates, such as water purification membranes,
causing great efficiency losses and eventuabkdown of the membrane (Upadhyayula & Gadhamshetty, 2010).
Yet, a number of difficulties remain, such as the synthesizing of CNTs of controlled diameter and length, which
turns out to be problematic so far. The commercialization of -@iddrporated desahation technology is still at

its premature stage, more scientific and technical inputs will be needed to exploit the full potential of CNTs in
this field (Goh et al, 2013).

While the previous examples discuss emerging applications, CNTs are alreadidatr in a number of
commercial products. For example, exploiting their excellent mechanical properties, CNTs are used today as
reinforcing material for tennis rackets and bicycle components, products that typically need light but strong
materials (ION, @12). CNTs have proved to be excellent in absorbing the impact of incoming projectiles
(Kostopoulos, 2010), and recently a bullet vest based on CNT technology has been commercialized
(Amendment2, 2012). They are also used in resins to render material cingluand in applications involving

high efficiency gas absorption (Pautrat, 2011).

Apart from the limitations mentioned above, CNTs face some other general shortcomings. The process of making
CNTs is difficult and expensive. It involves vaporizinghifept high temperature and having it reform on metal
as tiny tubes. Currently, CNTs cost a few hundred dollars per gram which is a lot but nevertheless a major

5 This list is not exhaustive
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improvement compared to a feyears ago (De Volder et al., 2Q1Bloreover, the length of the tubes will have

to increase considerably before a major impact beyond the laboratory will be possible. In addition, some health
risks are associated with CNTs. One of the major synthesizing pathways of CNTs involves thaatakico
catalysts, which can have toxic effects. This is why in recent years synthesis pathways that do not use metals
have been actively investigated (Tan et al, 2012). In addition, as CNTs are extremely small, they can easily
penetrate and affect thdwuman respiratory system. Health risks have been reported for both consumers and
production workers (Kohler et al, 2008).

Graphene

The remarkable properties of carbon nanotubes, made of a rolled graphene sheet, have encouraged scientists
to also exploreghe properties of graphene itself (Pautrat, 2011). Graphene is a flat sheet of carbon atoms of only
one atom thick, about 0,34 nanometdfigure2.17). A major breakthrough took place in 2004 when researchers
from the University of Manchester were able to isolate pure graphene sheets from grjphit¢ he ‘' r aw’ ma t
comprised of many layers of graphene stacked on top of one another, which can beifoeweryday pencils.

Since then, the number of publications related to graphene has exploded. Graphene has high strength, light
weight and electrical properties that can exceed all metals and semiconductors currently known. As CNTSs,
graphene could be usesk building blocks for smaller and faster responsive transistors to create more powerful
and low energy use integrated circuits. Other potential applications include the use of graphene for coatings,
nanoeletromechanical systems (NEMS), chemical sensmls;@mputer memory. There has been an explosion

of ideas that suggest graphene for virtually every feasible use (Geim, 2009). Graphene is often called the plastic
of the 2Pt century, referring to its wide range of potential applications. However, mosliegtpns are currently

still far from commercialization, the study of grapheme is still a young field.

Figure2.17: Structure of a single graphene sheet

Source: WWW.Cnx.org

Despite the fact that the origins of graphene research lie in Europe, China and South Korea are leading in terms
of number of grapheneelated patents (CambridgelP, 2013), followed by the US. In particular the company
Samsung has built up a very solid ettjse in this area, and has recently shown to be able to produce a graphene
based flexible touchscreen (Technology Review, 2012). However, in this global race the European Union has
made its intentions clear through the announcement of ayg@r, 1 billioreuro Flagship research program aimed

at developing graphene technology. This support is awarded to a consortium of nine partners, led by the
Chalmers University (Sweden), which will later on be extended via an open call. The consortium partners include
the University of Manchester, the University of Cambridge and Nokia (Graphene Flagship, 2013).

7 The Nobel prize for physics for the year 2010 was awarded to Andre Geim and Konstantin Novoselov from the Universityestevlanch
¢for groundbreaking experiments regarding the tdionensional material graphene" (Nobel Prize Committee, 2010)
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Quantum dots

Quantum dots (QDs) are nanocrystals made of semiconductor material such as silicon, cadmium selenide,
cadmium sulfide, or indium arsenide, withdeameter that typically ranges between 2 and 10 nanometer (see
Figure2.18). They are of particular interest due to their characteristic interactidgtinwght: the ability to absorb

and emit photons greatly depends on the size of the crystal. Given that this size can be well controlled in the
production process, this creates possibilities for a number of interesting applications.

Figure2.18: Structure of a Cadmium based quantom dot
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QDs are a second area where nanotechnology has potential to contribute to solar energy applications. QD based
photovoltaic cells (QDPVs) may surptmestheoretical efficiency limit of conventional solar modules due to the
phenomenon of Multiple Exciton Generation (MEG) in which multiple electrons can be released by the
absorption of one photon, whereas in regular solar panels this is only one elgmérancoming photon. Hence,

they can generate more electric current per unit of incoming light (Sengul & Theis, 2011). Moreover, they can be
used to create ‘tandem solar cells’” or solar soell s
PV cells of the third generation, described in secd® 2. By creating a thin film layer containing crystals that

vary in size, light of various wavelengths can be captured. Studies have shown that QDPV modules may offer up
to 87% conversion effiehcy compared to the 383% limit of conventional solar cells (Conibeer et al, 2012). In
addition, from a manufacturing point of view, QDPV cells could be produced in-aaragktitive way. Current
research is focusing among others on the choice of semdigctor materials for this purpose (Sengul & Theis,
2011).

As mentioned in the section on photonics, light emitting diodes (LEDs) form a very promising new technology in
the area of lighting, with the potential to reduce the energy consumption by at Eeéactor three compared to
incandescent light. Yet, these LEDs are limited in the sense that they are not yet capable of high quality white
light generation (unless when using rare earth metals, which is not an ideal). In this respect, QD integrated LEDs
can offer a solution. These improved LEDs profit from narrow but precisely tuneable emission spectra of LEDs as
well as their high photoluminescence quantum yields. Moreover, these QD integrated LEDs offer the possibility
for adjusting their surface funicinality, which allows unlimited design of functional composites and hybrid

structures (Demir et al, 2011). Since the large scale QD synthesis has been successful in recent years (Sanderson,

2009), achieving the mass production of -QBDs with an extraongiary performance might be possible.
However, there are still some aspects of QDs that need to be addressed. Currently many applications rely on the
heavy metal cadmium, which should be avoided due to health risks. In addition, the compatibility witlictire si
matrix typically used for LEDs still has to be improved. Despite this, it has been reported that some companies
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have already started to incorporate QDs in LEDs, be it not yet forémae general lighting. QD integrated LEDs
have the potential tattain a dominant place in the lighting industry (Demir et al, 2011).

2.7. ADVANCED MANUFACTNRITECHNOLOGIES

2.7.1. Introduction

Advanced manufacturing technologies are required to produce high value marketable knovdaskeg goods

and the related services baseth KETs. A wordass scientific knowledge in KETs that does not translate into
goods and services is of little use to society. Advanced manufacturing technologies are therefore a strong
enabling technology: they greatly influence the capability to comuiadize products on a large scale, irrespective

of how innovative the product itself may be. Therefore, equal efforts need to be invested in the development
and deployment of advanced manufacturing technologies to create economic value fromH{ERSIT,2010).

The ongoing evolution towards the manipulation of materials can only be sustained if manufacturing
technologies enable to bring associated products to the market. There is a vast difference between
demonstrating a concept in a small sample versuslpcing it in volume while still maintaining absolute control

of the molecular composition, morphology, and properties. Working at the molecular scale requires analytical
tools that analyze and simulate diverse processes with unprecedented scales ofagitgndktail, fidelity, and
complexity. Therefore, the ever growing trend towards miniaturization imposes strong challenges on the
manufacturing side (STPI, 2010).

Advanced manufacturing technologies encompass a wide range of technologies that cabdbédsd into

di fferent cl asses. First of all/l there are the ‘pure’
material into the desired product. These pure production techniques can be applied specifically to a KET or have

a broader coveage. In addition there are supporting techniques such as computer use for modeling and
simulation of production process, and more ‘soft
manufacturing process. In the next sections, we will focushenpure manufacturing techniques: the first one
(additive manufacturing) applies to many KETs, while the second and third relate particularly te anidro
nanoelectronics (respectively lithography and wafer size transitions).

P

2.7.2. Technological developmestand applications
Additive manufacturing

Additive manufacturing refers to a class of techniques in use since th&98ids that build solid parts by adding

|l ayers of a given material. Unlike the romsoldblocksonal *“ s
to manufacture goods, additive manufacturing reduces waste as only the materials needed to produce a product

are used. The process also reduces the need to maintain large inventories of component parts because they can

be produced quicklypon request. The additive manufacturing industry, with about $1.2 billion in worldwide

sales of systems, materials, and services in 2010, is relatively small but growing rapidly (Shipp et al, 2012).

A good and well known technique of additive manufaatgris 3D printing(also known as inkjet printing, see
Figure2.19). Like a regular printer puts a layer of ink on a sheet of paper, the 3D printer deposits a binder on a
powder bed that causes the powder to form together in the desired shape. This is egpeatny times (with
possible different shapes) such that all the different thin slices of created material can be put on top of each

8 |t should beemphasized here that additive manufacturing encompasses many other techniques, some of which bear a direct relationship
to photonics as they involve the use of lasers in the manufacturing process.
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other, to create a 2limensional structure. Digital production technologies, such as inkjet printing, have the
potential to produce a variety of products on the same manufacturing line as the only thing that needs to vary
are the shapes to create the layers, which is a digital input.

Figure2.19: lllustration of the principle of 3D printing
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In inkjet printing technique, the material loss is minimal, as showRigure2.20 the example of integrated

circuits. Due to an additive approach no functional material needs to be removed as in the masking process. The
elimination of masking and etching steps alone results in several benefits like reduced material waste, energy
consumipion, and processing time and steps. In theaalditive approach, the materials are deposited with
controlled location and geometries. Multiple materials (metal, dielectric, and semiconductor) can be deposited

in the same process phase employing severaitpeads, thus eliminating several process steps. Furthermore,

inkjet is a norcontact deposition method, which makes it applicable to a broad range of substrates (e.g. metals,
ceramics, polymers, and silicon) with characteristic porosity and surfacgynEne attainable line widths with

a commercial dromn-d e mand iinkjet are approaching 20pm, whil e
already emerging (Joshi et al, 2012).
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Figure2.20: Comparison of shtractive IC processing and additive printing approach

Conventional IC Process Additive Printing Technology

R (5ianket Thin Film)

Photoresist
Thin Film
Substrate

|

Radiation
Exposure

(Photoresist Coating)

Photomask

Photoresist (Patterning/Etching)
Thin Film
Substrate

1

Thin Film Structure Thin Film Structure

(Device Structure) . .
| Substrate | | Substrate |

Source: Joshi et al (2012)

In recent years significant progress has been made in the use of inkjet technology for printing diverse functional
materials. Currently conductive, dielectric, asdmiconductive inks are available for the development of a
complete electronic system with a single inkjet printer. So far the printing of conductive metal inks has been
investigated the most and has reached a certain degree of maturity. In these appi#pically ink is used

that is based on nanoparticles of metals such as gold, copper, silver and nickel that have good electrical
properties (Kaija et al., 2010; Zhao et al., 2012). One concrete example of additive manufacturing that is
commercially avidable today is the production of titanium alloys for medical and aerospace applications by the
Swedish based company Arcam (Arcam, 2013).

The traditional subtractive production of these alloys is expensive and involves significant material losses. The
USNavy and Defense Logistics Agency has identified several types of titanium alloys that have a long production
time and could therefore be potential candidates for manufacturing by additive processes. In general, many
military (including aircraft) systemse machinery beyond their lifetime, which requests the availability of a large
number of spare parts. The production of these parts can take a long time, necessitating thaboifld/ast
inventories. Additive manufacturing could help resolve this prohbgrfaster and ordemand production, which
potentially even could happen at the place where they are needed, reducing transportation and logistics issues
(Shipp et al, 2012).

The early applications of additive manufacturing are restricted mostly to snples, consumer products and
medical components (that can nevertheless have complex geometry), while the realization of the production of
larger parts is still difficult today. Consumer machines produce products that typically require less complexity
andaccuracy than those produced by industrial machines. Industrial applications of additive manufacturing will
require process improvements and innovations to accelerate development of faster, more accurate machines to
ensure quality control of products. Waiuntil recently, additive and subtractive manufacturing were viewed as
mutually exclusive, a trend has emerged to combine both. For example, Boivie et al. (2011) report the
development of a hybrid manufacturing cell which is a combination of a powderbdidive manufacturing

metal system and a five axis milling machine with the primary objective of producing injection molding tooling
inserts. Combinations like these allow reaping the benefits of the two sides of manufacturing, which is the main
driver behind this integration effort. The combination of the two, also referred to as hybrid additive subtractive
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manufacturing, should greatly expand the application area of additive manufacturing and form one of the major
points on the research agenda for theming years (Joshi et al, 2012).

Lithography

As mentioned in the sectononmictand nanoel ectronics, foll owing Moor e’
in the semiconductor industry has led to a strong increase in performance and a decrease int thieotigss.

This has enabled the widespread use of mienod nanoelectronics in everyday life. This evolution would not

have been possible without major advanced in the manufacturing of integrated circuits. Major progress has been

made through the use dithography and through wafer size transitions.

The ever increasing performance/cost ratio of integrated circuits has been accomplished by scaling down
transistor devices to evesmaller dimensions. Optical lithography has been actively used to produce and

more dense integrated circuits (Socol, 2013). In photolithography, the surface of a wafer (a thin slice of
semiconductor material used as substrate for production of ICs) is coated with esdigsitive polymer (a
‘“photoresi st ’ )tissedthiowgleamaskthat coptains thé desired pattern on to the photoresist
coated wafer. The material properties of a photoresist change when it is exposed to light, and as a consequence
the material that was targeted by the light can be selectivelyjoved from the wafer surface. Afterwards the
wafer is chemically treated to engrave (etch) the exposure pattern in it. The process is repeated many times with
different masks to form billions of complicated threémensional structures (such as transistoand
interconnections) on the wafer (NRC, 2012). A schematic drawing of the lithography process is shigurein

221

Figure2.21: Schematic drawing of the lithography process

:
’
[

H ' 1

T
| | Lens
1

; \.\ Light

' H" Mask or
" " Reticle

Y
' ' f
\ . v 4

/)v—’*‘—"—ﬂk Projection

Lens

Wafer

'd';- o~ o
et (--
A ) ]
¥
" Scan directions

Source: Wilson (2007)

Photolithography has enabled manufacturers to increase transistor density (and thus the complexity of advanced
chips) while lowering the cost per transistor. An important aspect in the advancement of photolithography is the
minimum feature size (resolutigrprovided by the optical projection system that projects the mask image onto
the wafer (that is, how close different elements can be put together). One way to improve this resolution is to
use light from a lower wavelength. This strategy has been pursMeghsively over the past years: in the early
days light of a wavelength of 436 nm was used which evolved over several steps to the present state of the art
into 193 nm technology. This technology can create feature sizes of only 22 nm (NRC, 2012;20E3)al
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To improve the resolution even more, new options to use light with lower wavelengths are examined. The
industry is working hard to develop extreme ultraviolet lithography, which uses UV light with a wavelength of
only 13.5 nm by 2015. Howevenrgsently there is no source available with sufficient average power to enable
high-volume manufacturing. Several types of lights sources are currently being investigated including laser
produced plasma and dischargeoduced plasma sources (NRC, 2012). [€hding producer of lithography
equipment, ASML, recently announced positive results for a preproduction EUV tool (ASML, 2012).

The use of lithography in the semiconductor is but one example of the use of photonics as production technology.
Today it woull be hard to think of modern production technologies not involving any form of laser use. Since the
first carbon dioxide (Cflaser demonstrations in the 1960s, the use of laser systems in manufacturing has grown
rapidly. Expanded applications of lasensaughout manufacturing have been driven by continuous innovation.

One particular example is the area of micromachining, which involves very accurate handling of materials (for
example, introducing slots in stainless steel smaller than 100 micrometer @QORZ)). Lasers are used for high
accuracy and high resolution micromachining purposes such as high precision surface micromachining as well as
3D internal structuring. Due to the ultrashort timescale and the ultrahigh laser intensity coupled to theeiectr
system, it is possible to obtain highly localized material ablation or modification, hence assuring high processing
accuracy and cleanness (Cheng et al., 2013).

Wafer transition

The semiconductor industry has attempted to lower the manufacturingscpst microchip by increasing the

area where chips are fabricated. This is known in the
The underlying idea is that processing more silicon at a time results in more dies (integral piecesroftsili

form the basis of a chip) per wafer in a given production run, while the associated costs do not rise as quickly.

For example, in the latest transition (from 200 mm to 300 mm wafer diameter size) the die throughput increased

with 125% while equipmnt only cost rose by 30% (GlobalFoundries, 2011). This 300 mm diameter size has
recently overtaken the 200 mm diameter in importance (§égure2.22). The expected next step is the switch

to 450 mm diameter size, but this size is thought to become relevant only by 2020 (IC Knowledge, 2010).

Figure2.22: World demand for silicon by wafer size
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A wafer transition does not occur without difficulties, as it poses numerous technical challenges. Wafer
transitions are heavily capital intensive due to research and development costs, as well as the costs of building
the fabrication facilities, infrastrture, equipment, and automation. In this respect, an increase in wafer sizes is
much more disruptive to the industry than an ordinary process shrink (the miniaturization of the individual ICs).
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This is illustrated by the development cost for the transittoom 200 mm to 300 mm, which is estimated to lie
around 11.6 billion dollar. The cost for the transition to 450 mm wafers is estimated to lie considerably higher,
at around 20640 billion dollar (Temponi et al, 2012). The transition costs are scalingeaaube higher
automation complexity is required to handle larger, heavier, and more sensitive wafers (Singer, 2007).

Yet, the transition from 300 mm to 450 mm has become a certainty and 450mm factories will be in full production
before the end of the decas Given the large investments needed, it is not a surprise that it is the large players

in the field who have committed to the new wafer size. Both Intel and TSMC have announced investment in
450mm factories (Reuters, 2012). In 2011 a R&D consortium mgpdki the transition towards 450mm wafer

size was founded by the CSNE Albany nanotech institute and leading companies Intel, TSMC, Samsung,
GlobalFoundries and IBM (CNSE Albany, 2011). Recently, Intel, TSMC and Samsung announced an investment in
the R&D pogram of ASML (a leading supplier of IC manufacturing equipment) to speed up the development of

the 450 mm technology (ASML, 2012).

2.8. CONCLUSION

In the previous sections, technological developments and applications in all six KETs have been discussed. Some
developments and applications are already commercialized, while the majority still needs (considerable)
development and upscaling in order toagh the market.

For industrial biotechnology, several promising technological developments and applications have been
identified like biebased polymers and enzymes. With regard to the market potential, most platform chemicals
need further optimization irorder to be produced at economically interesting rates-Based polymers such as
bio-based plastics have a major market potential, but few applications have reached large scale production yet.
Enzymes, such as carbohydrases, proteases and lipasescagasingly used to perform chemical reactions in
various industries. Emphasis is put on improving the performance and stability in industrial conditions of
enzymes, next to a reduction of the production costs. In addition, biorefinery concepts can playpamant

role in the utilization and conversion of biogenic raw materials and residues.

Photonics is a key enabling technology that has technological developments and applications in many industries
such as in the photovoltaics, communication, display dighting industry. Photovoltaic solar panels have
entered a third generation approach focused on lower costs and higher efficiency. In addition, research is being
conducted in the area of concentrated solar power systems such as the parabolic trougnttatar. In the
transportation of information arena, a huge challenge lies in overcoming crosstalk between different data
sources in multiple mode/core fibers, next to a reduction of energy consumption. Also the rise of organic light
emitting diodes (OLE)is promising as displays can be made thinner and less power consuming, while LEDs have
the potential to reduce energy consumption in the area of lighting.

Micro- and nanoelectronics developments and applications have entered in almost all industrégsplay a

crucial role in the development of the information age. The introduction of multicore processors offers potential

in enhancing efficiency as processing tasks can be well divided and delegated, but it poses major challenges on
the software sideAlso in the computer memory area, there are continuous developments to reduce either size

or power consumption, and/or to enhance performance. In this regard, Resistive RAM and Spin Torque Ram are
promising technologies for the future. The More than Motmrend entails promising applications in the area of
continued integration of functionalities.

Advanced Materials are at the basis of multiple value chains and enable industrial innoeatithey are the
building blocks of most physical products. Thaisicance of lightweight materials is largely driven by their role

in achieving greater energy efficiency as for example it takes less energy to accelerate a lighter object. Another
promising area of research is focused on materials that are resistargrghttonditions such as intermetallics.
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Nanotechnology is key in many value chains as it can be used to realize smaller, quicker, more powerful, or more
“intelligent intermediates and systems c camplaetyent s f o
new functions LG Nanp201Q. Graphene and its rolled equivalent carbon nanotubes are both very promising
materials that could serve for a variety of applications. Their thin carbon structure gives them light weight, high
strength and excellentlectrical properties. These properties have brought them at the forefront of scientific

research across the globe. Quantum dots are also of interest because of their unique optical and electrical
properties. However, as nanotechnology develops rapidiytioa is warranted regarding associated health risks.

Advanced manufacturing technologies enable technological innovations to be applied in various goods and
services. It involves both pure manufacturing techniques and supporting techniques for modeHlingulation.

Additive manufacturing entails promising applications such as 3D printing, as it allows straightforward
manufacturing of complex geometries and uses only the material needed to produce a product, thereby reducing
waste compared to the tradibnal subtractive process of removing material from solid blocks. In some
applications it also reduces the need for large stocks. In addition, major progress has been realized in the use of
lithography and wafer size transitions. The transition to 450 medevs will pose considerable challenges in the

next years.
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CHAPTER BIARKET SHARES IN HHOLOGY AND MARKET
POTENTIAL FOR KETS

3.1.INTRODUCTION

In the background study of the 2010 European Competitiveness Report, market share calculations based on
patent data and estimates of future market potential for Kifdsed products and applications have been
provided. The objective of this chapter is toopide an update of these calculations and estimates. The
technology market shares are calculated based on the number of international patent applications. The patent
activities are identified through IPC codes. The list of IPC codes deviates from tihat Ngas used in the 2010
European Competitiveness Report as this list has been revised in a recent feasibility study for a KETs Observatory
commissioned by DG Enterprise (Van de Velde et al., 2013).

Providing an update of the market potential for all KETs, is not straightforward as KETs provide indispensable
technology bricks that enable a wide range of product applications and hence have the ability to enable advances
in all industries and sectors. The $0ETs currenthhave applications in multipléndustries such as the
automotive, food, chemicals, electronics, energy, pharmaceuticals, construction, and telecommunication
industry, and more applications in a variety of other industries are expected. In order to estimate the market
potential of eachKET, a literature review of existing studies, reports and reviews has been contlffciegach

KET, several (sub) markets have been selected in line with thebld&ad applications discussed in chapter 2.

3.2. MARKET SHARES IN THCHOGY MARKETS

3.2.1. Introduction

An i mportant measure to evaluate a country’'s position
technological knowledge. A standard way to measure this ability is to look at patent data. Patent data have
certain advantages when it comés measuring technological performance in KETs. Patents represent new
technological knowledge that has a certain potential for economic application. Each patent is linked to
technological areas through an internationally standardised classification sy@teminternational Patent
Classification IPC) which allows to relating patents to KETS.

Since patents are essential for the production of new technology and innovative products and processes, they
are a commercial good which serves as an input to prodan@nd can be traded on technology markets (either
through licensing or by selling and purchasing patent rights). In contrast to many other goods, most patents are
produced and used thouse while only a small part is actually traded between firms (seab@rdella et al.,

2007; Arora et al., 2002; Serrano, 20@&amoreaux and Sokoloff, 1999 ike for any other market, one can
analyse the technology market performance of individual actors as well as for countries. In this report, for each
country a markeshare in the technology market for each KET is calculated based on the number of international
patent applications. International patent applications are patents that were applied at the European Patent
Office (EPO) or through the salled PCT (Patent Qgeration Treaty) procedure at the World Intellectual
Property Organization. By using international patent applications (as opposed to applications at national patent
offices such as the USPTO) one avoids a too strong home country bias for the counteypaterg office is
considered and excludes patents of low (expected) commercial value since an application at EPO or through PCT
is comparatively costly.

9 In selecting sources for this review, the growth safgovided by the Highevel Expert Group on KETs (B&gire4.3) have ben used as
benchmark for the reliability of estimates. Howevérshould be kept in mind that the market potential of subgroups of products may differ
substantially from the averagef the whole KET (especially in the case of very young applications that currently represent only a small
market). Estimates provided byrganizations having an interest in inflating figures have been avoided, only in case where another
independent sourcHLEG KETs or othprpvides comparable estimates such estimates have been included.
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When calculating market shares based on patent counts, one should bear in mind certain limitatpateraf

count data (see Griliches, 1990; Moed et al., 2004). First, not all new technological knowledge needed for
innovations is represented by patents while a number of patents is never be used for innovations. Secondly, the
economic value represented lmne patent can vary substantially. Thirdly, not all patents seek legal protection

of new technological knowl edge but some are used to
others about one's own technological strategy. For these reasatenps represent only a certain fraction of the
technology market. There is a general agreement in technology research, however, that patent data accurately
represent the main structures and development of technology markets (see OECD, 2012; Glanz2Dé#al.
Schmoch, 2009).

When examining technology market shares over time, one should also take into account that patent applications

are linked to market devel opments and firms’ regi ona
2010). Sincpatent protection expires after some time, firms often apply for a patent only shortly before market
introduction of the product that uses the patented technology. If market introduction is postponed due to
unfavourable market conditions, patent activitare fall. For EPO/PCT patents, the attractiveness of regional

markets can affect patent activity, too. Since EPO/PCT patents are mostly used to protect technology which is to

be commercialised globally and/or in the European market, shifts in market dttemetss towards
global/European markets can increase international patent activity while a gain in market attractiveness of other
regional markets such as the North American or East Asian market may shift patent activity towards the patent

offices in thesemarkets.

Technology market shares are calculated using the most recent edition of the Patstat database published by EPO
in April 2013. Patstat contains information on patents applied at the various national patent offices as well as
international (EPO andCT) patent applicationBatent data are available only with a considerable time lag after
the underlying invention has been made. First, there may be a time lag between the invention and the patent
application which is due to the process of preparingaient file. Secondly, as mentioned above patent
applications may be postponed in response to unfavourable market conditions. Finally, patent applications are
disclosed only 18 months after the date of application. The time lag becomes even larger wheonsiters
international patents since applicants may apply for patent protection in their home country first and seek
international protection only some time after the initial application. When focussing on granted patents, time
lags become even worth gia patent examination may last a year or more. For this reason, the final year for
which market shares can be calculated is 2010.

No weighting of patent application counts by patent value indicators such as patent citations or opposition for is
appliedfor two reasons: First, such a procedure would add another time lag to our analysis since only older
patents have a chance to be forward cited by other patents or to receive opposition. Secondly, the extent of
forward citations and oppositions varies bytieaal patent offices and will thus reduce comparability across
regions Themarket share is calculated for four regions as well as for individual European countries. The four
regions considered are

1 Europe (all EU member states as well dbandia, Andorra BosniaHerzegoina, Croatia, Iceland,
Liechtenstein, Macedonia, Monaco, Montenegro, Norway, San Marino, Serbia and Switzerland)

1 North America (the BA;Canadaand MexicQ

1 East Asia (Japan, China (incl. Hong Kong), 8ouéa, Singapore and Taiwan)

1 Restof World (all other countries)

Note that the sunof patents forthe four regions does not equal the total number of EPO/PCT patents because
of missing data on applicant countries. The share of EPO/PCT patents with unknown country of applicant rose
from 0.0 percent in 2000 to Z.percent in 2010. In some KETSs this share was very high in recent yearsnincludi
industrial biotechnology (7.@ercent), micro/nanoelectronics (6.0percent) and AMT for other KETs (5.9
percent). For this analysis, it is assumbdttthe regional distribution of applicants with unknown country is the
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same as for applicants for which the country is knoWme market share for each KETiéncecalculated as the
number of EPO/PCT patents originating from a certain country/regiorsfreeific year over the total number of
EPO/PCT paten{excluding patents with unknown country of applicant)

An important issue for determining market shares is how to assign patents to countries and regions. There are
basically two options: by countrgf applicant or by country of inventor. In many patent analyses, inventor
countries are used to assign a patent to a region. This is a valid approach when one wants to know in which
region new technological knowledge has emerged. Assigning patents torgoahtapplicants is a useful
procedure if one wants to identify the regions that have economic control over the technological knowledge
represented by patents. Following a prior study for the EU Competitiveness Report (Aschhoff et al., 2010), market
sharesare calculated based on applicant location (applying fractional counting in case one patent has applicants
from more than one country/region). Patent applicants are not consolidated by company groups. This means
that, for example, patents applied by Euegn subsidiaries of North American companies are assigned to
Europe, whereas applications of North American subsidiaries of European companies are counted as North
American patents. Since many of the large international companies apply patents that hawernyented

outside their home market region by their regional subsidiaries, differences between the regional patterns that
emerge based on country of applicants do not differ significantly from the pattern that would emerge when the
analyses would be badeon country of inventor.

3.2.2. Identifying KET Patents

Patent activities in the six KETs are identified through IPC codes. For each KET a list of IPC codes (including
combinations of codes or the exclusion of codes in case-otcarrence with other codes3 defined. This list is

taken from a recent feasibility study for a KETs Observatory commissioned by DG Enterprise (van de Velde et al.,
2013). This list started from an earlier list developed for the 2010 EU Competitiveness report and has been
refined andfurther developed based on expert reviews and the results of various robustness checks (including
free text search in patent abstracts). The list of IPC codes used for each KET is shown in Box 1.

When comparing this list with the list used for the 2010&dnpetitiveness Report (Aschhoff et al., 2010: 30),
some deviations emerge. For nanotechnology, the definition remained virtually the same, though one IPC code
has been added. For advanced materials, a few additional codes were added in order the éettee csome

new materials in the field of chemicals. For industrial biotechnology, the group of enzymes is now more defined
in a more narrow way in order to reduce the amount of patents related to pharmaceutical applications to be
counted as industrial btechnology patents (though there is a strong technological link between red and white
biotechnology in the field of enzymes). In mi¢r@anoelectronics, testing and control of semiconductor devices
was added to the list of IPC codes, as well as some srgatieps related to semiconductor material, amplifiers

for semiconductors and printed circuits while apparatus for manufacturing printed circuits have been skipped
since these are considered part of advanced manufacturing technologies. More substantigéstveere made

in the field of photonics. In this study, photonic applications in the field of measuring, optical recording and
optical data transmission as well as electimptical applications and photonics in the field of semiconductors
are now covereanore completely than in the previous study while a few codes have been skipped as a result of
more detailed examination of patent abstracts (some photonic applications in microelectronics, electric arc
lamps).
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_____________________________________________________________________________________________________________________________________________________|
Box1: IPC codes use identify KETgbased on the 2012 edition of IPC)

Nanotechnology B81C, B82B, B82Y

Photonics F21K, F21V, F21Y, GO1D 5/26, GO1D 5/58, GO1D 15/14, G01G 23/32, G01J, GO1L 1/24, GO1L 3/08,
GO1L 11/02, GO1L 23/06, GO1M 11, GO1P 3/36, GO1P 3/38, GO1P 3168526, G01Q 20/02, G01Q 30/02,

G01Q 60/06, GO1Q 60/18, GO1R 15/22, GO1R 15/24, GO1R 23/17, GO1R 31/308, GO1R 33/032, GO1R 33/26, GO1S
7/481, GO1V 8, G02B 5, G02B 6 (excl. subclasses 1, 3, 6/36, 6/38, 6/40, 6/44, 6/46), GO2B 13/14, GO3B 42, G03G
21/08, GBE, GO6F 3/042, GO6K 9/58, GO6K 9/74, GO6N 3/067, GO8B 13/186, GO8C 19/36, GO8C 23/04, GO8C

23/06, G08G 1/04, G11B 7/12, G11B 7/125, G11B 7/13, G11B 7/135, G11B 11/03, G11B 11/12, G11B 11/18, G11C
11/42, G11C 13/04, G11C 19/30, H01J 3, H01J 5/16, HOB] B9/ 29/82, HO1J 29/89, HO01J 31/50, HO1J 37/04,

HO01J 37/05, HO1J 49/04, HO1J 49/06, HO1L 31/052, HO1L 31/055, HO1L 31/10, HO1L 33/06, HO1L 33/08, HO1L

33/10, HO1L 33/18, HO1L 51/50, HO1L 51/52, HO1S 3, HO1S 5, HO2N 6, HO5B 33

Industrial biotechnology M2F 3/34, CO7C 29, CO7D 475, CO7K 2, C08B 3, C08B 7, CO8H 1, CO8L 89, CO9D 11/04,
CO09D 189, C09J 189, C12M, C12P, C12Q, C12S, GO1N 27/327 exceptdorrence with A01, A61, CO7K

14/435, CO7K 14/47, CO7K 14/705, CO7K 16/18, CO7K 16/28, C12N 15/095012KC12N 15/12, C12N 5/10,

C12P 21/08, C12Q 1/68, GO1N 33/15, GO1N 33/50, GO1N 33/53, GO1N 33/68, GO1N 33/566, C12N 1/19, C12N
1/21, C12N 1/15, C12N 15/00, C12N 15/10, C12P 21/02

Advanced materialsB32B 9, B32B 15, B32B 17, B32B 18, B32B 19, BR®PE527, B82Y 30, C01B 31, C01D
15, C01D 17, CO1F 13, CO1F 15, CO1F 17, C03C, C04B 35, CO8F, C08J 5, C08L, C22C, C23C, D21H 17, G02B 1, HO!
3, HO1F 1/0, HO1F 1/12, HO1F 1/34, HO1F 1/42, HO1F 1/44, HO1L 51/30, HO1L 51/46, HO1L 51/54

Micro- and nanoelectrornics B82Y 25, GO1R 31/26, GO1R 31/27, GO1R 31/28, GO1R 31/303, GO1R 31/304, GO1R
31/317, GO1R 31/327, G0O9G 3/14, G09G 3/32, HO1F 1/40, HO1F 10/193, HO1G 9/028, HO1G 9/032, HO1H 47/32,
HO1L, HO1S 5, HO3B 5/32, HO3C 3/22, HO3F 3/04, HO3F 3/06, HO3F 38/HOB03F 3/12, HO3F 3/14, HO3F

3/16, HO3F 3/183, HO3F 3/21, HO3F 3/343, HO3F 3/387, HO3F 3/55, HO3K 17/72, HO5K 1

AMT for other KET.SBO1D 15, BO1D 67, B0O1J 10, BO1J 12, B01J 13, BO1J 14, B01J 15, BO1J 16, BO1J 19/02, BO1J
19/08, B01J 19/18, B01J 19/2B01J 19/22, B01J 19/24, B01J 19/26, B01J 19/28, B01J 20/30, BO1J 21/20, B01J
23/90, B0O1J 23/92, B01J 23/94, B01J 23/96, B01J 25/04, B01J 27/28, B01J 27/30, BO1J 27/32, BO1J 29/90, B01J
31/40, B01J 38, B01J 39/26, B01J 41/20, BO1J 47, BO1J 49, BOBD8J08/14, BO1J 8/24, BO1L, B04B, B04C,

B32B 37, B32B 38, B32B 39, B32B 41, B81C 3, B82B 3, B82Y 35, B82Y 40, C01B 17/20, C01B 17/62, C01B 17/80,
C01B 17/96, C01B 21/28, C01B 21/32, C01B 21/48, C01B 25/232, C01B 31/24, C01B 9, C01C 1/28, C01D 1/28,
CO01D 314, C01D 5/16, C01D 7/22, C0O1D 9/16, CO1F 1, CO1G 1, CO2F 11/02, CO2F 11/04, CO2F 3, C03B 20, C03B
5/24, C0O3B 5/173, C03B 5/237, CO3B 5/02, C03C 21, C03C 29, C04B 11/028, C04B 35/622, C04B 35/624, C04B
35/626, C04B 35/653, C04B 35/657, C04B 37, C04B 3B80@¥B 38/10, C04B 40, C04B 7/60, C04B 9/20, CO7C

17/38, CO7C 2/08, CO7C 2/46, CO7C 2/52, CO7C 2/58, CO7C 2/80, C0O7C 201/16, CO7C 209/82, CO7C 213/10, CO7C
227/38, CO7C 231/22, CO7C 249/14, CO7C 253/32, C0O7C 263/18, CO7C 269/08, CO7C 273/14, CO7G@QR77/06, CO
29/74, C07C 303/42, CO7C 315/06, CO7C 319/26, CO7C 37/68, CO7C 4/04, CO7C 4/06, CO7C 4/16, CO7C 4/18, CO7C
41/34, CO7C 41/58, CO7C 45/78, CO7C 45/90, CO7C 46/10, CO7C 47/058, CO7C 47/09, CO7C 5/333, CO7C 5/41,
C07C51/42, CO7C 51/573, CO7C 51/64, Comz,53C07C 67/48, CO7C 68/08, CO7C 7, CO7D 201/16, CO7D 209/84,

C07D 213/803, CO7D 251/62, CO7D 301/32, CO7D 311/40, CO7D 499/18, C0O7D 501/12, CO7F 7/20, CO7H 1/06,
C0O7K 1, C08B 1/10, C08B 17, C08B 30/16, C08C, CO8F 2/01, C09B 41, C09B 67/54, CAIB /A N0C12S,

C21C 5/52, C21C 5/54, C21C 5/56, C21C 7, C21D, C22B 11, C22B 21, C22B 26, C22B 4, C22B 59, C22B 9, C22C 1
C22C 3, C22C 33, C22C 35, C22C 47, C22F, C23C 14/56, C23C 16/54, C25B 9, C25B 15/02, C25C, C25D 1, C30E
15/20, C30B 35, C40B 60,1D010, DO1D 11, DO1D 13, DO1F 9/133, DO1F 9/32, D06B 23/20, D21H 23/20, D21H
23/70, D21H 23/74, D21H 23/78, D21H 27/22, F24J 1, F25J 3, F25J 5, F27B 17, F27B 19, F27D 19, F27D 7/06, GO1C
19/5628, GO1C 19/5663, GO1C 19/5769, GO1C 25, GO1R 3, G11B 7/221 H801L 31/18, HO1L 35/34, HO1L

39/24, HO1L 41/22, HO1L 43/12, HO1L 51/40, HO1L 51/48, HO1L 51/56, HO1S 3/08, HO1S 3/09, HO1S 5/04, HO1S
5/06, HO1S 5/10, HO5B 33/10, HO5K 13, HO5K 3

Source:Van de Velde et a(2013)
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Box2: Definition of subfields by KET

Nanotechnologynano-biotechnology(B82Y 5)nanc-electronics/magnetic{B82Y 10, B82Y 25pno-analytics
(B82Y 15, B82Y 3Bano-optics (B82Y 20)pano-materials(B82Y 30 ano-structures(B81C, B82B, B82Y 40)

Photonics lighting (F21K, F21V, F21Y, HO1L 51/50, HO1L 51/52, HOSBi&Bjuring(GO1D 5/26, GO1D 5/58,

GO01D 15/14, GO1G 23/32, G01J, GO1L 1/24, GO1L 3/08, GO1L 11/02, GO1L 23/06, GO1M 11, GO1P 3/36, GO1P
3/38, GO1P 3/68, GO1P 5/26, GO1Q 20/02, G01Q 30/02, G01#p,6601Q 60/18, GO1R 15/22, GO1R 15/24,

GO1R 23/17, GO1R 31/308, GO1R 33/032, GO1R 33/26, GO1S 7/481, Gdavic8y(G02B 5, GO2B 6 (excl.
subclasses 1, 3, 6/36, 6/38, 6/40, 6/44, 6/46), GO2B 13/14, GO3B 42, GO3G 21/08, GO6E, GO6F 3/042, GO6K 9/58,
GO06K9/74, GO6N 3/067, GO8B 13/186, GO8C 19/36, GO8C 23/04, GO8C 23/06, GO8E&ad#04R11B 7/12,

G11B 7/125, G11B 7/13, G11B 7/135, G11B 11/03, G11B 11/12, G11B 11/18, HO1S 3,dixt®Bpptics

(G11C 11/42, G11C 13/04, G11C 19/30, HO1J 3, HOLJHD26! 6)semiconductors(H01J 29/46, HO1J 29/82,

HO01J 29/89, H01J 31/50, HO1J 37/04, HO1J 37/05, HO1J 49/04, HO1J 49/06, HO1L 31/052, HO1L 31/055, HO1L
31/10, HO1L 33/06, HO1L 33/08, HO1L 33/10, HO1L 33/18)

Industrial biotechnology proteins/acids(C07K2, C0O8B 3, C08B 7, CO8H 1, C0O8L 89, C09D 11/04, C09D 189, C09J
189),enzymegC12M, C12P, C12Q, C128)ers (CO2F 3/34, CO7C 29, CO7D 475, GO1N 27/327)

Advanced materialslayers(B32B 9, B32B 15, B32B 17, B32B 18, B32B 19, B32B 25, B8amR2aynds(C01B
31,C01D 15, C01D 17, CO1F 13, CO1F 15, CO1F 17, CO3C, G¢B3shle(CO8F, C08J 5, CO&llpys(C22C),
coatings(C23C)electronics(HO1F 1/0, HO1F 1/12, HO1F 1/34, HO1F 1/42, HO1F 1/44, HO1L 51/30, HO1L 51/46,
HO1L 51/54)pthers/nano-materials (B82Y 30, D21H 17, G02B 1, HO1B 3)

Micro- and nanoelectronicstesting/amplifiers/nano (B82Y 25, GO1R 31/26, GO1R 31/27, GO1R 31/28, GO1R
31/303, GO1R 31/304, GO1R 31/317, GO1R 31/327, HO3B 5/32, HO3C 3/22, HO3F 3/04, HO3F 3/06, HO3F 3/08,
HO3F 3/D, HO3F 3/12, HO3F 3/14, HO3F 3/16, HO3F 3/183, HO3F 3/21, HO3F 3/343, HO3F 3/387, HO3F 3/55, HO3K
17/72), semiconductors(G09G 3/14, G09G 3/32, HOldgvices(HO1F 1/40, HO1F 10/193, HO1G 9/028, HO1G
9/032, HO1H 47/32, HO1S 5, HO5K 1)

AMT for other KET.amaterials (BO1D 15, BO1D 67, BO1J 10, BO1J 12, BO1J 13, B0O1J 14, B0O1J 15, B01J 16, BO1J
19/02, BO1J 19/08, BO1J 19/18, B0O1J 19/20, B01J 19/22, BO1J 19/24, BO1J 19/26, B01J 19/28, B0O1J 20/30, BO1J
21/20, B01J 23/90, B01J 23/92, B01J 23/94, B01J 23/962BMK] BO1J 27/28, BO1J 27/30, BO1J 27/32, BO1J

29/90, B01J 31/40, B01J 38, B01J 39/26, B01J 41/20, BO1J 47, BO1J 49, BO1J 8/06, BO1J 8/14, B01J 8/24, B32B 37,
B32B 38, B32B 39, C01B 17/20, C01B 17/62, C01B 17/80, C01B 17/96, CO1B 21/28, C01B 2P/B28C01B

C01B 25/232, C01B 31/24, C01B 9, C01C 1/28, C01D 1/28, C01D 3/14, C01D 5/16, CO01D 7/22, CO1D 9/16, CO1F
1, C0O1G 1, C03B 20, C03B 5/24, C03B 5/173, C0O3B 5/237, C0O3B 5/02, C0O3C 21, C03C 29, C04B 11/028, C04B
35/622, C04B 35/624, C04B 35/626, C04B 33/6C04B 35/657, C04B 37, C04B 38/02, C04B 38/10, C04B 40,

C04B 7/60, C04B 9/20, CO7C 17/38, CO7C 2/08, CO7C 2/46, CO7C 2/52, CO7C 2/58, C07C 2/80, C0O7C 201/16, CO7C
209/82, CO7C 213/10, CO7C 227/38, CO7C 231/22, CO7C 249/14, CO7C 253/32, CO7C 2628%/080007C

273/14, CO7C 277/06, CO7C 303/42, CO7C 315/06, CO7C 319/26, CO7C 37/68, CO7C 4/04, CO7C 4/06, CO7C 4/16,
CO7C 4/18, CO7C 41/34, CO7C 41/58, CO7C 45/78, CO7C 45/90, CO7C 46/10, CO7C 47/058, CO7C 47/09, CO7C
5/333, C07C 5/41, CO7C 51/42, CO15B3, CO7C 51/64, CO7C 57/07, CO7C 67/48, CO7C 68/08, CO7C 7, CO7D
201/16, CO7D 209/84, CO7D 213/803, CO7D 251/62, CO7D 301/32, CO7D 311/40, CO7D 499/18, CO7D 501/12,
CO7F 7/20, CO7H 1/06, CO8C, CO8F 2/01, C09B 41, C09B 67/54, C09D 7/14, C09J 5, C21C 5/52, C21C

5/56, C21C 7, C21D, C22B 11, C22B 21, C22B 26, C22B 4, C22B 59, C22B 9, C22C 1, C22C 3, C22C 33, C22C 3¢
C22C 47, C22F, C23C 14/56, C23C 16/54, C25B 9, C25B 15/02, C25C, C25D 1, C30B 15/20, C30B 35, C40B 60, DO1D
10, DO1D 11, DO1D 13, ®9/133, DO1F 9/32, DO6B 23/20, D21H 23/20, D21H 23/70, D21H 27/22, F24J 1, F25J

3, F25J 5, F27B 17, F27B 19, F27D 7/06, HO1S 3/09, HO15i6t8dhnology(CO2F 11/02, CO2F 11/04, CO2F 3,

CO07C 29/74, CO7K 1, C08B 1/10, C08B 17, C08B 30/16, C12Mpkuitd8jcs (G11B 7/22, HO1S 3/08, HO1S

5/10, HO5B 33/10)microelectronics(HO1L 21, HO1L 31/18, HO1L 35/34, HO1L 39/24, HO1L 41/22, HO1L 43/12,

HO1L 51/40, HO1L 51/48, HO1L 51/56, HO5K 13, HOSKsB8yments (BO1L, BO4B, BO4C, B81C 3, D21H 23/74,

GO01C 9/5628, GO1C 19/5663, GO1C 19/5769, GO1C 25, GObEh&)s (B82B 3, B82Y 35, B82Y 40, B32B 41,

D21H 23/78, F27D 19, HO1S 5/06)
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The most fundamental change refers to advanced manufacturing technologies, however. In the earlier study,
advanced manufacturign technologies focused on automation, robotics and the use of advanced information
technology in mechanical engineering. These advanced manufacturing technologies can be employed in any
manufacturing sector, though an implicit focus was on sectors thates® materials (such as metal working,
plastics, wood and paper processing, manufacture of-matallic mineral products) or assemble materials and
components to complex products (such as manufacture of vehicles, electronics, optical or electrical eguipmen
machinery and the like). For the present study, following the new communication of the EU Commission on KETs
(EU Commission, 2012) a different definition of advanced manufacturing technologies was applied that focuses
on process technology which is nestito manufacture products in any of the other five KET areas. Since most

of the other KETs areas are concerned with the development of new materials (which is true for advanced
materials as well as industrial biotechnology and nanotechnology and alsesfiphmajor parts of technological
development in micrgnanoelectronics and photonics), manufacturing technology for these KETs areas is often
linked to apparatus for performing chemical processes and treating basic materials. In order to clearlyidisting

the result in this report from the results presented in the EU Competitiveness Report 2010 on advanced
manufacturing technologies, this report wildl use “AMT

Market shares of each KET are further separatedsntufields based on IPC codes. Box 2 lists the subfiétds
the other five KETs and the IPC codes used to define each subfield.

3.2.3.Market Shares by KET

Before presenting the results on market shares for each KET, it is important to keep in mind thd gendsa

in international patenting over the past decade. Across all technologies (i.e. for the sum of all international
patents), the market share of East Asia @ased continuously from 20 to 3&rcent. Losses in market shares

are reported for Europedpwn from 40 to & percent) and, even stronger, North America (down from 3660 2
percent). The rest of the world (RoW) gained some market shares (from 4 to 5 percent). For KETs, trends are
similar. East Asia increased its market share in technology markets from 2000 to 28ih@osy20 percentage
points. In 2010, 4%ercent of all KE patents were applied by organisai® from East Asia. Europe lost 5
percentage points antlad a market share in 2010 of p&rcent. The largest loss is m@ped for North America
(down 15percentage points to £2percent). The RoW reports a stable markbare of 3 percent throughout the
period under consideration.

Figure3.1: Market share for all patents and KET patents (EPO/PCT) 20M by region of applicant
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Source EPO: Patstat, ZEW calculations

When interpreting changes in market shares, one should also bear in mind the underlying trends in total
patenting activity. The number of international (EPO/PCT) patent applications (excluding applications with
unknown cauntry of origin) increased by 23ercert between 2000 and 2010. While patent applications from
North America declined-9 percent), European applicants raised their riem of patent applications by 10

52



percent. By far the largest increasase reported for East Asia (+1@&rcent). RoW applicastingeased their
patent output by 51percent. With respect to KET patenting, the increase in the number of international patent
applicaions between 2000 and 2010 (pércent) was lower than for all fields of tawology. Both North America
(-32percent) and Europe {10percent) cut back their patent output while East Asian applicants reported a growth
rate of 85 percent, and RoW df9 percent.

3.3.INDUSTRIAL BIOTECHRNGY

3.3.1. Technology market share

International patent applications in the field of industriabtéchnology show a decreasing trend over the past
ten years. Globallyhe number of patents fell by 38ercent between 2000 and 2010. Eurcgred North America
report the same reduction -6 percent) East Asia and RoW increased the number of internatipastnt
applications industrial biotechnology by 28 and percent, respectively. As a consequence, market shares of
Europe and North America are declining. Nevertheless, North America is still the region wiilglieset market
share in 2010 (3%ercert). Europe lost its second position in 2010 thoutshmarket share in this year (27
percent) was above the low leieeported for the mid 2000s (2Bercent in 2006). East Asia gained in market
shares and contributed 28 percent to the global patent outpuindustrial biotechnology in 2010. The RoW
countries show increasing market shares until 2008, but no further growth afterwards, contributing 5 percent to
total patenting in industrial biotechnology in 2010.

In Europe, Germany gradually lost market sisamdich went down from 44 percent (2000) to 27 percent (2010).
France gained market shares and replaced the UK as second largest European patent producer in industrial
biotechnology by 2008. The Netherlands showed high market shares in th200@s (rankig second in 2005

with a European market share of 15 percent) but clearly lost ground in the past years. Switzerland and Denmark
hold position 5 and 6 in European patenting in the field of industrial biotechnology.

|
Figure 3.2: Market shares in international patents in the KET field of Industrial Biotechnology 22000
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The main subfield in industrial biotechnology patenting is enzymes, valeiobunt for 90 percent of all EPO/PCT
patent applications in this KET. Consequently, the development in this subfield basically mirrors the one for the
entire KET. The other two subfields do not show clear trends but rather an erratic development whécksref

the low absolute number of patent applications per year. North America tends to show higher market shares in
the subfield of proteins and acids while Europe has the highest market share in most years in the others category.
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Figure3.3YMarket shares in international patents in the KET field of Industrial Biotechnology 22000, by

subfields (percent)
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3.3.2. Market potential

Industrial biotechnology is used in thproduction of chemicals and derived biomaterials. The use of
biotechnology for chemical production has increased over the past decade and is likely to continue to increase,

driven by rising energy costs, new chemical legislation and increasingly striegeinbnmental regulations

(OECD, 2009)

According to Festel Capital, the sales of products made by biotechnological processes in 2007 was around 48
billion Euro or 3.5% of total chemical sales, while they predicted the sales of products made by biotgiclaholo

processes to be around 340 billion Euro or 15.4% of total chemical sales if?.Z®d3ed upon their research,
they predict the most important subegments in 2017 to be active in pharma ingredients and polyméitseés,
compared to pharma ingrediestand cosmetics in 2012 and 2607

10 http://www.oecd.org/sti/biotech/44776744.pdf
1 http://www.oecd.org/sti/biotech/44776744.pdf
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Figure3.4: Sales of products made by biotechnological processes in 2017
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Other sources depart from a market share of 9% to 13% in 2010 and predict a further growth to 22% to 28% in
2025. Especially in the area of polymers and bulk chemicals, a large growth is expected to take place.

Figure3.5: The expected growth of bidvased chemicals
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Bio-based polymers

Bio-based polymergorm a very promising emerging application of biotetttat has high potental to substitute

for petroleumbased polymers (see secti@i2.2) .

Even in | ow and

busi n3es s

et al. (2009), there is considerable growth to be expected theenext 10 years. Aldbe prospects of companies
and the industry associatioimdicate that production is expecteit increase stronglpetween 2010 and 200.

The most important representatives will be starch plastics, PLAydsed PE and PHA (Shenlet2009)

55

as



_____________________________________________________________________________________________________________________________________________________|
Figure3.6: Projections for installedioplastics production capacity
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Biofuels

World biofuel production is covered largely by three major regionshadtS, Brazignd Europe account for7/86

of global productio®”. The US produced 48% of the world's 2011 bi ¢
Brazil produced 22.4%, primarily as sugarcane ethanol. However, ethanol production in Brazil has been flat to
declning in recent years due to disappointing sugarcane harvests. The third major biofuel producing region is

the EU, which is the leading biodiegebducing region in the world. The EU was responsible for 16.5% of global

biofuel production. Other than the Ushd Brazil, the only other countries producing more than 3% of the global

biofuel total were Germany (4.8%) and Argentina (3.8%). The BGEOMAgricultural Outlook 208801 7predicts

that the US and Braziill maintain their position as largest ethanaigalucers, while China, India, Thailand and

several African countries are expected to expand their ethanol production significantly .

The OECD (Organisation for Economieo@aration and Development) and UN FAO food agency project that
global ethanol prodation will increasesteadily, realizing about 50% growth in total over the pe26d 02020
Biodiesel production is about to double over the same time period (Figure 3.7 and FigurBiBeBjesearcha
cleantech market intelligence firm, alsstimate seady growth till 2016, buthen rapid production increases
between 2017 and 2021 as a result of higher oil prices, emerging mandates, new feedstock liayvadalli
advanced technologié$ They project the total global biofuel production to reach 65.idsi gallons per year
(BGPY) by 2021, while they expect ethanol to maintain its dominance over the industry, with nearly 50 BGPY
compared to biodiesel’s 16.2 BGPY.

12 BP Statistical review of world energy June 2012
13 http://cleantechnica.com/2012/02/20/reporglobatbiofuelsmarketcould-double-to-185-3-billion-by-2021/
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Figure3.7 World ethanol production andrade, 2005 2020
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Figure3.8: world biodiesel production, 20052020
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The production of advancdaiofuels (second and third generation biofuels) has reached@®bmillion gallons

in 2012 and is predicted to have a production capacity of 1.6 to 2.6 billion gallons byse@Figure3.9). The
industry is moving from the demonstration phase into the commercial production phase as new facilities are
being built to accommodate the increase in demand.
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Figure3.9: Advance biofuel capacity by fuel type for 2012 and 2015

ADVANCED BIOFUEL CAPACITY
IN MILLIONS OF GALLONS/YEAR

# Companies | 2012 Capacity 2015 Capacity

LOW HIGH LOW HIGH LOW HIGH
Jet Fuel 1 6 0.1 0.1 23.1 150.0
Biodiesel 91 91 564.0| 564.0 877.0 877.0
Butanol 1 4 19.0 19.5 56.0 370.5
Ethanol 24 35 14.2 14.2 337.2 512.2
Adv. Diesel 5 9 751 75.4 248.4 300.8
Adv. Gasoline 4 7 2.4 3.0 52.4 113.0
Fuel flexible 1 11 11.0 133 11.0 312.6
Biocrude 2 2 0 0 141 1.l
TOTAL 129 165 685.8) 689.6| 1,606.2 2,637.2

Source Environmental entrepreneurs (2012)

Enzymes

The global market for industrial enzymes is foreedsb reach US$3.74 billion by the year 2&13mportant
factors that are driving the market include new enzyme technologieteavoringo enhance cost efficiencies
and productivity, and growing interest in substituting pd@om-based products with products based on
biomass B projects the indusial enzymes market to grow to $6 billion by 2616Major growth is expected
to be realized in the segment of food and beverage enzymes and technical enzymdsg{sex3.10). Two
segments with high growth potential are carbohydrases and lipases.

Figure3.10: Global revenue of industrial enzymes market
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Source BCC Resear¢h011a)

1 http://www.prweb.com/releases/industrial_enzymes/pteases_carbohydrases/prweb8121185.htm
15 http://www.bccresearch.com/report/enzymesmdustriatapplicationsmarketsbio030g.html
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3.4.PHOTONICS

3.4.1. Technology market share

Over the past ten years, East Asia gained significantly in technology market shamétdtbf Photonics. Since

2003 East Asian organisations are the largest group of applicants of Photonics patents and were able to
strengthentheir position continuously, rising their market share from 27 percent in 2000 to 50 percent in 2010.
North American applicants lost their leading position which they held in the early 2000s. Their market share fell
from 40 percent (2000) to 19 percent 2#010. Europe did significantly better, its market share increased until
2008 when it reached 32 percent. In 2009 and 2010,
however, to B percent. Countries from outside the three main regions sliglist market shares.

Figure3.11: Market shares in international patents in the KET field of Photonics 2000 (percent)
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Source EPO: Patstat, ZEW calculations

Changes in market shares in the fieldRtfotonics took place against the background of an expanding patent
activity. The total number of international patent appliaats grew from 2000 to 2010 by 2&rcent, which is
almost four times the rate for all KET patents, and equals the growth ratpaténting across all fields of
technology.

Within Europe, Germany further strengthened its position as the main producer of new technological knowledge
in photonics over the past decade. Its share in total European patent applications3yaereent in 200D,
compared to 33 percent in 2001/02. Among the other five main European applicant countries (as for 2010:
France, the Netherlands, UK, Austria and Italy), the Netherlands and UK lost market shares while the France and
Italy were able to hold their positio within Europe. Austria recently increased patenting in photonics and
replaced Switzerland from the tep patent producers in Europe.

The general trend in technology market shares in photonics can also be found in the two largest subfields, devices
and lghting. The growing market share of East Asia and the strong loss in market shares of North America in the
field of photonics devices took place against the background of declining patent activity in this subfield. In 2010,
East Asia was clearly the leagliregion in this subfield of photonics patenting with a market share of 59 percent.
Patenting in the field of lighting strongly increased over the past ten year in all three regions with largest growth
rates reported for East Asia which held a share ib@lpatenting of 53 percent. From 2003 to 2010, Europe was
able to maintain a market share of about a third while North America further lost position. In the third largest
subfield-laser both Europe and East Asia slightly gained market shares at thesxpé North America.
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Figure 3.12: Market shares in international patents in the KET field of Photonics 2@00Q0, by subfields
(percent)
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Source EPO: Patstat, ZEW calculations
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In the subfield of measuringpplications, Europe is the leading patent producer since 2007 gimdis market
share felt from 49 percent in 20a8 36 percent in 2010. From 2007 onwards, East Asia is constantly increasing
its patent output and overtook North America as second largesent producer in this subfield in 2010. In the
two smallest subfields in terms of the number of patent applicargkectronoptics and semiconductor
applications Europe improved its position in global technology markets over the past decade. lroaleptics,
Europe holds the largest market share in 2010 (38 percent). One should note, however, that patenting activity in
this subfield is strongly declining in all regions. In semiconductor applications, the opposite trend emerges, with

increasing patenoutput in all regions, though at a still low absolute number of patents. In this subfield, Europe

gained in market shares until 2009 primarily at the expense of East Asia, but patenting by European applicants
strongly felt in 2010.

3.4.2. Market potential
The photonics industry is expected to grow strongly in the coming years. The global market for photonic

components and systems is currently worth more than £250bn and is forecasted to exceed £400bn ¥y 2017
The European technology platforfhotonics21 estimast h e

an estimated annual growth rate of 8 to 10%.

Solar photovoltaic

mar ket S i

Z e

to

reach

€480

Solar photovoltaic (PV) is the third most important renewable energy in terms of globally installed capacity,
following hydro andwind power. The growth rate of PV reached almost 70% in 2011, more than 69 GW have
been installed globally which can produce 85 TWh of electricity pef¥ydaterms of global cumulative installed

16 http://www.innovateuk.org/_assets/enablingtechnologies_strategywebfinal.pdf

17 Global market outlook for photovoltaics until 2016, EPIA, May 2012
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capacity, Europe leads the way with more than 51 GW ilestas of 2011, the majority being located in Italy

and Ger many. This represents about 75% of the worl d’
Japan (5 GW) and the USA (4.4 GW), followed by China (3.1 GW) which reached its first G# Fid20&3.13

and Figure3.14 show projections for thesolarPVmarketfor two scenarios (pessimistic and optimistic) for the

EU and thelobal annual marketAs can be seen, in the EU the short term demand is not expected to reach the

peak 0f2011;however this situation iprojectedto improvein the comingyears. At world levdignificantmarket

growth is expectedill 2016, illustrating the large untapped potential of many countri€he estimates at world

level of the market research company IitSetweenthe moderate and policy driven scenario projections, with

an estimated installed capacity cdbout 55 GW in 2018

Figure3.13: European annual market scenarios until 2016

30,000

24,845
25,000

21,939 21,634

21,165
16,591
15,000 18,367
10,27
9,435 :
10,000 8,460 2:35°
5,207 5.803 8315
5,000
1,972
58 94 142 201 708 1002 987

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

EPIA Moderate
B EPIA Policy-Driven
Il Historical data

Source Global market outlookor photovoltaics until 2016, EPIA, May 2012

18 Global market outlook for photovoltaics until 2016, EPIA, May 2012
19 http://cleantechnica.com/2013/02/05/solapv-installationshit-32-gw-in-2012-35-gw-projectedfor-2013-accordingto-ihs/
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Figure3.14: Global annual market scenarios until 2016
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LEDs

By 2020, LEDs aexpected to take around 95% of the market share of light bulbs, which is currently estimated
at €11 bil I %he expeeted g@wtmin tine market demand for LEDs will be driven by product
substitution rather than overall market growth Other appication areas of LEDs are mobile applications
including mobile phone, notebooks and tablets, TV and monitor backlights, sign and automotive lighting (see
Figure3.15). Japan accounts for the greatest portion of overall LED component revenues (30%) followed by Korea
(26%), Taiwan and Southeast Asia (£3%)

203 . P. Morgan Cazenove, “Electrical engineering and segmaketnductor ¢
driven by LED”, March 2010

21 Photonics Technologies and Markets for a Low Carbon Economy

22 http://ledsmagazine.com/fatures/9/3/2
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Figure3.15: Revenue from packaged LEDs by apgl@ain 2011
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Source: http://ledsmagazine.com/features/9/3/2

Displays

The global display applications’ mar ket is expected
3.1% from 2012 to 20%7. Conventional flat panel displays are increasitaign over by the demand for flexible

displays. Application areas for display are consumer electronics, home appliances, automotive, industrial and
healthcare segments. The LCD dominated gl ch®e®Ddi spl ay
display market is set to grow from 50.8 million units and $13.2 billion in revenue in 2011, to 226 million units and

$67 billion in revenue in 2019 worldwide (sEigure3.16). In the 3D display market, 3D televisions are expected

to create the largest revenue stream with anticipated growth from 25 million units in 2011 to approximately 180

million units in 201%.

Figure3.16: Shipment Forecast for 3ibeady Devices
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2 http:/lwww.marketsandmarkets.com/MarkeReports/displaymarket925.html
24 Global TV trends in the flat panel display market, DisplaySearch, November 2010
25NPD DisplaySearch, 3D Display Technology and Market Forecast Report, 2012
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OLED

The global OLED displays market is expected to reach $25.9 billion by 2018 from $4.9 120k gnowing at

a CAGR of 31.7% from 2012 to 281Blobile phones are the largest end use application and accounted for 71%

of the total OLED displays market in 2012, but the share of OLED TV displays are expected to surpass the shares

of mobile phone diglays by 2015. The current market for OLED lighting technologies is around $1 billion but this

is expected to increase significantly over the next
for 2018". The revenues from OLED displaysexpected to be larger than OLED lighting; mounting up to $34

billion by 2018 (se€igure3.17).

Figure3.17: OLED display and lighting revenues
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Optical communication

The optical communicatiomdustry is experiencing a recovery from the economic downturn. In 2010 and 2011,
the sales of data communication systems is picking up again. For 2010, growth estimates are put at 16%, 17%,
25%, and 22% for transceiver, Ethernet, Fibre Channel, and 8 BWDM transceiver modules, respectivily

The worldwide market for communications (telecom and datacom) lasers is estimated to be $1.95 billion for
2010 with 14.1% growth in 2011 to $2.22 bilk&nwhile Europe is experiencing a decline in demand, the
construction of optical communication is at its peak in China.

3.5. MICRG/NANOELECTRONICS

3.5.1. Technology market share

East Asia is the largest producer of international micranoelectronics patents since 2002. Its market share is
gradually increasing over timin 2010, 56 percent of global patent output in this KET originated from East Asia.
North America and Europe are both losing market shares. In 2010, North America reported a market share of 23

26 OLED Didpys Market Global Industry Analysis, Market Size, Share, Growth And Forecast- 2018, Transparency Market Research
27 http://lwww.semiconwest.org/sites/semiconwest.org/files/docs/Jennifer%20Colgrove_Display%20Search.pdf

28 http://www.lightcounting.comnews/092910.pdf

2% http://www.laserfocusworld.com/articles/2011/01/annualeview-and-forecastskiesmay-be-clearingbut-fog-still-lingers.html
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percent, while the figure for Europe was® percent. Countrierom RoW are of no importance in the technology
market for micre/nanoelectronics, with a market share of 1 to 2 percent only.

Dynamics in micrénanoelectronics patenting are higlelobal patent output grew by 3percent from 2000 to
2010. The number gbatent applications by Eapean applicants in 2010 wasp2rcent higher than in 2000,
while applicants from North America reported @gdercent lower figure for 2010 as compared to 2000. Dynamics
are highest for East Asian countries which increased ttegani output by 16 percent within a teryear period.

|
Figure3.18: Market shares in international patents in the KET field of Miereind Nanoelectronics 20062010
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In Europe, Germany is clearly the largest patent producer in afiooelectronics and maintained a European
market share of 42 to 45 percent throughout 2001 to 2010. France increased its European market share from 10
percent (2000) to 17 peent (2010) while the Netherlands lost position two in Europe. The Dutch market share
within Europe declined from 19 percent in 2003 to 8 percent in 2010. The UK is the fourth largest producer of
micro-/nanoelectronics patents in Europe, followed by Switzed and Italy.

Patent statistics allow for a separation of migrmnoelectronics into three subfields, devices, semiconductors,
and others, which primarily include testing applications, amplifiers and nanoelectronics. The largest subfield is
semicondutors, and trends in market shares are very much the same as those for-mamoelectronics in

total. In the field of devices, North America shows a very strong decline in its market share over the past ten
years and is now only third while Europe waseablincrease its share in global patent output in this subfield. In

the third subfield, trends are less clear. While East Asia increased its market share until 2008, it reported
decreasing patent output in 2009 and 2010 (which is not due to an underage@fananoelectronics patents

but driven by patenting in the area of testing applications). Europe increased its market share in this subfield and
now holds position two.
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Figure3.19: Market shares in international patents in the KET field Micro- and Nanoelectronic20002010,
by subfields (percent)
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3.5.2. Market potential

The global market for the semiconductor industry has increased signifidamtiy$ 25 billion in 1985 to $299.5

billion in 201%°. This growth is driven by the increasing need for microelectronic devices and smart sensors in
intelligent products, such as smart phones, tablets, car driver assistance systems, emaggnmeat
systems, smart grid, net worked sensors, etc. From a
10% was made in the EU compared to 48% in Asi a. Eur op
to 16% since 2068

Since P08, the worldwide production of semiconductors by region has remained relatively stable at 69%
in Asia, 18% in America and 13% in Eufépélowever, a production migration has taken place from Japan to
Southeastern Asia. China is the largest ketr for semiconductors based on the concentration of major
Electronic Manufacturing Services in ABecific.

After the economic crisis in 2009, the semiconductor market recovered quickly and global sales reached a record

high in 2010. While billingsfdlly 11% from 2007’ s peak to 2009's trough
33% from 2009 to 2010, a pace never before achieved which compensated more than previous. IBY¥SEs

estimates the semiconductor market to grow with an average CAGR from a@@6 of 7.4% for the overall

market.

The World Semiconductor Trade Statistics (WSTS) estimates that the world semiconductor market in 2012 will
be $290 billion, down 3.2% from 2011, followed by a recovery of positive 4.5% growth to $303 billion in 2013
(Figure3.20)%*. Their forecast is at the low end compared to forecasts from ofinganizationgseeFigure3.21).
Semiconductor Intelligence forecasts 7.5% in 2013 and 12% in 2014.

30 Semiconductor Industry Association

3t http://iwww.silicon-europe.eu/

2Quebec’s microelectronic industry directory 2012
33 Faster, greener, smarterreaching beyond the horizon in the world of semiconductors, PWC, 2012

34WSTS forecast, November 2012
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Figure3.20: Worldwide semiconductor revenues
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Figure3.21: Semiconductor market forecasts
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The semiconductor sector is linked to various application markets including data processing (including personal
computers, laptops, servers and tablets); communications (including-firedelephone systems,rbadband
internet, mobile phones, smartphones and more); consumer electronics (television sets, music players, gaming
consoles and household appliances); automotive (comprising both light vehicles and trucks); and industrial
(including infrastructure, raikervices, the military, fossil and regenerative energy, smart grids%etthe
automotive and industrial application markets show the highest growth rdtagi(e3.22), while the consumer
electronics market exhibit the lowest growth rate.

|
Figure3.22: Growth rate of global semiconductor application markets
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Source Faster, greener, smarterreachingbeyond the horizon in the world of semiconductors, PWC, 2012

Microprocessor

According to IC Insights, worldwide processor sales are expected to regain strength in 2013 and grow 12 percent
to $65.3 billion after rising just 5 percent in 2012 to $58.2dwill The slow growth in 2012 is attributed to
weakness in the personal computer part of the market and global economic unceffaififie strongest growth

is expected for microprocessor units (MPU) especially in the area of tablet computers and smartftadies.
processor sales are expected to grow 50 percent in 2013 to nearly $3.4 billion from about $2.3 billion in 2012,
whenrevenues surged by 60 percenellohone application processor sales are forecast to increase 28 percent

in 2013 to $17.0 billiofrom $13.3 billion in 2012, when revenues climbed by 41 perféent

35 Faster, greener, smarterreaching beyond the horizon in the world of semiconductors, PWC, 2012
36 http://www.eetimes.com/design/microcontrollemcu/4405323/Processemarketto-surt-tablet-wavein-2013
7 http://www.eetimes.com/design/microcontrollemcu/4405323/Processemarketto-surt-tablet-wavein-2013
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Figure3.23: Global microprocessor sales by type
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Computer memory

The total flash memory market will grow 2 percent$80.4 billion by end 2012, while the DRAM market will
decline from $31.2 billion to $28 billion, causing the flash memory market, including NAND and NOR, to surpass
the DRAM market for the first tin¥& This is caused by the fact that DRAM is mostly usefids while flash
memory is used in smartphones, media tablets, and other personal media d¢se®msalso sectio@.4.2. The

flash memory market is expected take over the lead from DRAM in the next five years. IC Insights forecasts
NAND flash sales to increase 14 percent annually from-201Z, growing to $53.2 billion at the end of the
forecast period, while the DRAM market is forecast to grow 9 percenttbeesame timé®.

More particular on the NAND flash memory market, it was indicated that the global NAND flash memory market
revenue fell 7 percent in 2012 as disappointing Ultrabook sales negated the impact of surging demand from

Apple Inc. for its iPhonkne®. NAND industry revenue fell to $19.7 billion in 2012, down from $21.2 billion in
2011. Revenue, however, will pick up in 2013 and rise
to expand during the next few years (deigure3.24) . Appl e’ s i Phone |Iine in 2012 w
of NAND, helping to increase demand for the memory from the smartphone market dug higltmemory

density, combined with highrolume shipment¥.

38 hitp:/lwww.digikey.com/supplychainhg/us/en/articles/semiconductors/flastmemorymarketsurpassesiram-for-the-first-time/1468
39 http:/lwww.digikey.com/supplychainhg/us/en/articles/semiconductors/flah-memorymarketsurpassesiram-for-the-first-time/1468
401HS iSuppli Data Flash Market Tracker Report from information and analytics provider

41 http://www.isuppli.com/Memory-and-Storage/News/Pages/DespiteurgingDemandfrom-Apple NANDMarket-Contractsin-2012-as
UltrabooksDisappoint.aspx
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Figure3.24: Worldwide NAND industry revenue forecast (in $ billions)
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Source IHS iSuppli Research, January 2013

MEMS

The Semiconductdndustry Association estimates the market for MEMS at $8 billion in 2011, demonstrating a
grow rate of 15.5%, compared to 0.8% for the whole semiconductor m&rk&he MEMS industry saw double

digit growth in 2012, is valued at more than $10 billion, &ndn track to double in market value by 2615The

MEMS industry is expected to see a steady, sustainable double digit growth for the next six years, with 20%
compound average annual growth in units and 13% growth in revenues, to become a $21 billieh by2@17
(seeFigure3.25). This growth will beealizedthrough emerging MEMS devices and existing MEMS devices that
will expand into new markets.

2Quebec’s microelectronic industry directory 2012
43 http://www.eetimes.com/electronicsnews/4404150/MEMSmics-and-impressivegrowth
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Figure3.25: MEMS market forecast
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The MEMS applications with the largest growth rate are micro displays, oscillators and inertial comlboguisee
3.26). The global microdisplays market is expected to reach $995.0 million by 2016 from just about $250 million
in 2011 at a CAGR of 31.82% fr2@11 to 2016* The use of these displays in the head mounted displays (used
in the military and the medical field) will indirectly help the microdisplays market to increase. The market size of
crystal oscillators in 2013 is expected to be $2,033.67 miflied expected to reach $2,719.00 million by 2018,

at an estimated CAGR of 6.6%94n terms of volume, the unit shipments for crystal oscillators are expected to be
1544.74 million in 2013 and are forecast to reach 2,297.16 million by 2018, at an esti@¥atd of 8.3% from
2013 to 201&. Inertial combos are expected to jump from very tiny volumes currently to penetrate some 40%
of the $2.7 billion consumer inertial market and more than 12% of the $1.1 billion automotive inertial market by
2016".

44 http://www.marketsandmarkets.com/MarkeReports/micredisplaysmarket430.html
45 http://www.prweb.com/releases/2013/2/prweb10465654.htm

46 http://www.marketsandmarkets.com/PressReleases/crysiatillator.asp

47 http://www.reuters.com/article/2012/02/08/idUS95947+08eb2012+BW20120208
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Figure3.26: CAGR ranking by devices
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3.6. ADVANCED MATERIALS

3.6.1. Technology market share

East Asia is constantly increasing its market share in international patenting in thefeldanced materials. In

2010, 48percent of all advanced materials patents originated from East Asia, compare8l per@ent from

Europe and 21 percent from North America. North Amer
European one. Chapg in market shares emerged against the background of low patent dynamics in advanced
materials. Global patent outputelt by 4 percent between 2000 and 2010. In Europe and North America, the

number of international patent applications in advanced materialdeclining from year to yeathereas patent

output grew in East Asia (+51 percent) and the rest of the world

_____________________________________________________________________________________________________________________________________________________|
Figure3.27: Market shares in international patents in the KET field of Advanced Materials 2B000 (percent)
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Source EPO: Patstat, ZEW calculations

Within Europe, market shares of countries with the highest numbers of advanced materials patents are rather
stable oser time. Germany is still responsible for more than 40 percent of European patent output in this KET,
followed by France (16 percent in 2010), Italy, Switzerland, the UK and Belgium. The Netherlands held rank three
in advanced materials patenting in Eusopntil 2008, but decreased its patent activities considerably since then.

The main trends of regional market shares in advanced materials patenting can be found in all seven subfields.
East Asia is gaining importance in each subfield, with the highestises in market shares in the two smallest
subfields, alloys and advanced materials for electronics. North America lost markets shares more rapidly than
Europe and held position three among the three large regions in all six subfields by 2010. Eurofsfatipw

market shares in the majority of subfields. In coatings, however, market shares in the second half of the 2000s
were slightly above the level in the first half of the decade. In compounds and layers, losses in market shares by
European applicas were rather modest.
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Figure 3.28: Market shares in international patents in the KET field of Advanced Materials 22000, by
subfields (percent)
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Source EPO: Patstat, ZEW calculations

3.6.2. Market potential

Advanced materials tend to outperform other conventional materials with their superior properties such as
toughness, hardness, durability and elasticity. The scope of advanced materials research is very broad in nature
and so are its potential applicationd/hile some advanced materials are already well known like polymers, metal
alloys, ceramics, semiconductors, composites and biomaterials, other advanced materials like carbon
nanomaterials, activated carbon, titanium, are becoming increasingly impdftant

Smart materials

The ‘' s mar aréaclasadf materiathht sespond dynamically to electrical, thermal, chemical, magnetic,
or other stimuli from the environment.These materials are incorporated in a growing range of products,
enabling these prducts to alter their characteristics or otherwise respond to external stimilé market for

48 http://www.marketsandmarkets.com/advancerhateriatmarketresearch12.html
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these materialsvas estimated at about $19.6 billion in 2010 and it expected to approach $22 billion in 2011 and
pass $40 billion by 2016, a compound annual dhovate (CAGR) of 12.8% between 2011 and 20AM&hile

smart materials can be used across a range of sectors, food and drink, healthcare and cosmetics together
comprise 90% of the current market. In the submarket of food and beverages, MarketsandMarketstest

the global market for active and smart packaging technology to grow to $23.474 million in 2015, at an estimated
CAGR of 8.2% from 2010 to 28 5/isiongain obtains a more conservative estimate and predicts the demand
for active, intelligent and sma(Al&S) packaging to rise by around 8% per year to reach $17.23 billion by 2016
and by an average of 7.7% annually to be worth $24.65 billion by*20ey forecast the US to be the largest
AI&S national packaging market to be worth $3.6 billion by 2tiflbwed by Japan ($2.36llon) and Australia

($1.69 lillion). In Europe, Germany is forecasts to be worth $1.4 billion, followed by the UK ($lictij*h

Figure3.29: Global market forecast fosmart materials (% of total market)
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Advanced materials and devices used in renewable energy systems

The global market for advanced materials and devices used in renewable energy systems was $18.2 billion in
2010; it isprojected to approach $22.3 billion in 2011 and it will further grow to $31.8 billion in 2016 increasing

at a compound annual growth rate (CAGR) of 724k 2010, emerging market countries consumed $876 million
worth of advanced materials and devices usedhe production of renewable energy systems. The market is
projected to grow to $925 million in 2011 and nearly $1.3 billion in 2016, a CAGR of 6.9% over the next.5 years

49 http://www.bccresearch.com/report/smarmaterialstechnologiesmarketsavm023d.html

50 http://www.marketsandmarkets.com/PressReleases/srmpackagingmarket.asp

5t http://www.foodproductiondaily.com/Packaging/Globaharketfor-active-and-intelligentpackagingo-double-by-2021-report

52 http://www.foodproductiondaily.com/Packaging/Globaharketfor-active-and-intelligentpackagingo-double-by-2021-report

53 http://www.bccresearch.com/report/advancethaterialsdevicesrenewableenergyegy053c.html

54 http://www.environmentalexpert.com/news/globahdvancedmaterialsand-devicesfor-renewableenergymarket 356499/view
comments
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Figure3.30: Renewable energyconsumption of advanced materials and devices by type (%)

Type of Material/Device 2010 2011 2016
Electromechanical and electronic devices 46.3 383 26.4
Photovoltaic materials and devices 46.1 542 311
Composites 2.7 5.9 9.3
Reflective materials 1.7 14 26
Other materials 02 0.2 06
Total 100.0 100.0 100.0

Source BCQResearclf2012)

Lightweight materials

Lightweight materials are increasingly being used in the transportation industry as reducing weight is one of the
most important ways of reducinduel consumption and improving the performance of transportation
equipment. The total global consumption of lightweight materials used in transportation equipment was 46.7
million tons/$95.5 billion in 2010. This market is expected to reach 67.7 millies/$025.3 billion by 2015,
increasing at a compound annual growth rates (CAGRs) of 7.7% in tonnage terms and 5.6% in value terms
between 2010 and 20%5

Value added materials

Value added materials (VAMSs) are a group of advanced materials that hategatramportance for economic
growth, industrial competitiveness and address the Grand Challenges of our times. Their market potential is
estimated t o b &, Figute3.31shows thé manket bharesbysedor, pointing to the importance

of the environment and ICT sector. In the environmem&ated markets for VAMs, growth will be driven by the
energyefficient technologies and the carbon capture technolo§ie’¥AMs in the ICT sector are expected to
grow substantially in the coming years with an average CAGR &fi§a6e3.32 gives an overview of the share

of detailed materials markets in the ICT sector.

|
Figure3.31: VAMs market share by sector

2008 2015 2020 2030 2050
Energy 7,1 14,3 18,9 37,0 175,7
Transport 9,6 13,1 15,8 24,3 52,6
Environment 246 38,2 48,0 86,8 352,2
Health 27,0 32,1 374 55,0 115,2
ICT 29,6 38,8 46,6 70,7 152,2
Others / Cross-cutting 3,6 13,5 19,3 42,2 250,8
Total projected value of identified VAMs markets 101,7 150,0 186,1 316,0 1098,6

Source Oxford research AS
Note: Unit=billion Euro.

55 http://www.bccresearch.com/report/lightweighimaterialsransportationravm056b. html
56 Bridging the innovation gafor energy materials, EMIRI, 2012
57http://ec.europa.eu/research/industrial_technologies/pdf/technologyarketperspective_en.pdf
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Figure3.32: ICTFrelated markets for VAMs
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3.7.NANOTECHNOLOGY

3.7.1. Technology market share

Trends in technology market shares in the field of nanotechnology significantly diverge frayartbeal trends

in KETs patenting. North America is still the most important patent applicant, reporting a market sh&e of 3
percent in 2010. While North America’'s market share
(down to 35 percent), thi trend changed in 2008. Europe and East Asia report a similar market share over the
entire period. The East Asian contribution to totalnotechnology patentingvas above that of Europe in most

years within the past decade, though in recent years, Eusipmvsa slightly higher market share (2010: 28

percent; East Asia: 27 percent). The total number of nanotechnology patents grew by 31 percent between 2000
and 2010. All regions report growing nanotechnology patent output.

Figure3.33: Market shares in international patents in the KET field of Nanotechnology 22008 (percent)
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Within Europe, Germany lost niat shares over the past decade, from 41 percent in 2000 to 23 percent in 2010.
At the same time, France could substantially increase its nanotechnology patent output and gained market
shares, catchingip to Germany in 2010’he market share dhe Netherbnds dropped from 1g¢ercent in 2004

to 6 percent in 2010while the UK was able to maintain its share in European patent production in
nanotechnology at around 10 percent. Switzerland prodlebout 5 percent of European nanotechnology
patentsover the entre period Italy recently increased its market share.

North America reports falling market shareghinee subfields(nanc-analytics, nanddiotechnology, nanaptics)

and rather stable ones in the three other subfieldarfo-materials, naneelectronics nano-structures) Europe
shows increasingnarket shares in nananalytics, naneelectronics,nano-materialsand naneoptics while its
contribution to patenting is decreasing in nastructuresand rather stable in nanbiotechnology In two
subfields, mno-analyticsand naneoptics, Europe is reportintipe highest market share among the three regions.
In nanematerials, Europe could catalp to North America by 2008, but was not able to further increase its share
in total patent output in this subfield inhte two years following, while North America strongly increased its
market share in this subfield in 2009 and 2010.

EastAsia is gaining market shares in only two subfields of nanotechnology,-araaigtics and nano
biotechnology. Still, in both subfielda$t Asia only holds position three among the three main regilonsanc

electronics, East Asia was the largest patent producing region in 2007 and 2008 but substantially reduced its
patent output in 2009 and 2010, falling behind North America and Europthe subfield of nantructures,

the number of patent applications by East Asian organisations strongly increased in the early 2000s but stayed
behind the dynamics in North America si ncenat&i@L?5. Eas
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clearly felt in 2009 and 2010 which may be associated with the falling patent output inrglacwonics. In nano
optics, market shares of East Asia are rather stable over time.

Figure3.34: Market shares in international patents in the KET field of Nanotechnology 20008, by subfields
(percent)
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3.7.2. Market potential

Nanotechnology has many applications in various industry segments like electronics, cosmetiefeasd The

global market for nanotechnology was valued at nearly $20.1 billion in 2011 and should reach $20.7 billion in
20128, Total sales are expected teach $48.9 billion in 2017 after increasing at a-frear compound annual
growth rate (CAGR) of 18.7%.

The US is the most prominent market and accounted in 2011 for an estimated share of around 35% of the global
nanotechnology marké&t. The US is expeado remain a major player although several developing economies
such as, China, Korea, India, and Brazil have started to catdrabje3.1 providesan overview of the market
potential for several nanotechnology applications.

58 http://www.bccresearch.com/report/nanotechnologgnarketapplicationsproductsnan031e.html
59 http://www.marketresearch.com/corporate/aboutus/press.asp?view=3&article=1944&g=1
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Table3.1 - Market potential of nanotechnology

arket/Proad Qurre Projected APR 0 e
Nano Materials
Nanomaterialstotal 9 Bn. $| 20 Bn. $| 15% BCC 2010
(2009) (2015)
Nanostructured metal oxids, metall 3,6 Mrd $| 34 Bn. $| 20% Freedonia 2010
powders, metall particles, nano tubes (2013) (2025)
macro molecules, quantum dots
mineralic nano materials
Carbon Nano Tubes 167Mio.$| 1 Bn. $| 56 % BCC 2010
(2010) (2014)
- SWCNT 1 Mio. $| 70 Mio.| 189 %
(2010) (2014)
-MWCNT 161 Mio. $| 865 Mio.| 52 %
(2010) (2014)
Polymer Nanocomposites 460Mio. $| 1,4 Bn$ | 27 % BCC 2010
(2009) (2014)
- Nanoceramics filled composites 48 Mio. $| 145 Mio.| 25%
(2009) $ (2014)
- Nanolayer silicats composites 227 Mio. $| 692 Mio.| 20 %
(2009) $ (2014)
- Other Nanopolymer composites (fille| 185 Mio. $| 835 Mio.| 35 %
material CNT, metal nanoparticleq (2009) $ (2014)
Nanobiocomposites)
Nano adhesives (biomimetic adhesive| 257 Mio. $| 1,2 Bn. $| 36 % BCC 2010
medical adhesives) (2010) (2015)
Elektro-active polymeres| n.a. 2,8Bn. $| na MarketsandMarkets
(electroconductive  polymere, organic (2014) 2011
conductors and semiconductors)
Metal oxide nano powder 29Bn. $| 98Bn.$| 16% Future Markets 2010
(2009) (2017)
- Titan dioxide nano powder 360Mio.$| 15Bn. $| 20% Future Markets 2010
(2009) (2017)
Nanocoat silicats (for fire protection an¢ 202 Mio. $| 291 Mio $| 6 % Future Markets 2010
barrier for gas diffusion) (2009) (2015)
Aerogels n.a. 1 Bn. $| na. Global Industry Analyst
(2015) 2010
Quantum dots 67 Mio. $| 670 Mio.| 59 % BCC 2011
(2010) $ (2015)
Metal colloides 200 M na. n.a. VDI TZ 2011
(2010)
Gold bioconjugate 100 M| na. n.a. VDI TZ 2011
(2010)
Nano fibres 80 Mio. $| 334 Mio.| 23 % Future Markets 2010
(2010) $ (2017)
UV hardening nanocomposite coating 1 0 0 M| n.a. n.a. VDI TZ 2011
varnishes (2010)
Reactive nano films 2 Mi ¢ na. n.a. VDI TZ 2011
(2010)
long-time stable naneoptimised pating| 1 0 0 M| n.a. n.a. VDI TZ 2011
agents (2010)
Nano Coatings
Nano coatings total 36 Bn. $| 17,9Bn.$ | 38% BCC 2010
(2010) (2015)
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Market/Product " Qurrent Projected CAPR | Source |
Nano coatings total 24Bn. $| 13 Bn. $| 27% Nanoposts.com 2010
(2009) (2016)
Selfcleaning antibacterial nano coatings 764 Mio. $| 2,1 Bn. $| 22 % Future Markets 2011
(2010) (2015)
Anticorrosive nano coatings 352 Mio. $| 879 Mio.| 20 % Future Markets 2011
(2010) $ (2015)
Antifog-Beschichtungen 300 M na. n.a. VDI TZ 2011
(2010)
photocatalytic coatings 1 Bn. €| na. n.a. VDI TZ 2011
(2010)
photocatalytic coatings 848 Mio. $| 1,7Bn. $| 14% BCC 2010
(2009) (2014)
Controlledreleased coatings an 600Mio.$| 1 Bn. $| 11% BCC 2010
encapsulation (2010) (2015)
Diamantbased coatings 905 Mio. $| 1,7Bn. $| 13 % BCC 2010
(2010) (2015)
ceramic  highperformance coatings 1,4 Bn.$| 2 Bn. $| 7% BCC 2010
(NAFTA only) (2009) (2014)
- Thermic extruding 953 Mio. $| 1,4 Bn. $| 8%
(2009) (2014)
-PVD 183 Mio. $| 260 Mio.| 7%
(2009) $ (2014)
-CVD 183 Mio. $| 220 Mio.| 4%
(2009) $ (2014)
- others (sotgel) 75 Mio. $| 100 Mio.| 6 %
(2009) $ (2014)
SolGelcoatings fiir for textiles, metals; 50 Mi| n.a. n.a. VDI TZ 2011
construction (2010)
Nanoporose anireflex coatings 400 M na. n.a. VDI TZ 2011
(2010)
Nano analytikcs
Microscopy total (optical, TEM, SEM) 1,7Bn.$| 31Bn. $| 13% BCC 2009
(2009) (2014)
Microscopy eugipment 374 Mio. $| 513 Mio.| 7% BCC 2009
(2009) $ (2014)
Elecron microscopy 328 Mio $| 589 Mio.| 12 % Future Markets 2011
(2010) $ (2015)
Nano structuring
Equipment for wafer structuring 62 Bn. $| 90 Bn. $| 6% iRAP 2009
(2008) (2014)
Nanotools (Nanomanipulators, near fiel({ 2,6 Bn. $| 6,8 Bn. $| 3% BCC 2010
optics, nano lithografy, nano imprint) (2009) (2015)
PVD coating units 9 Bn. $| 148Bn.$| 11% BCC 2010
(2009) (2014)
MBE units 30 Mi| na. n.a. VDI TZ 2011
(2010)
Equipment for processing nano probe 848 Mio.$| 1,2 Bn. $| 6% Future Markets 2010
(reactive etching, SIMS, ion strear (2009) (2015)
beating, FIB, CMP)
Piezoelectric Actors and motors 6,6 Bn. $| 12,3Bn.$ | 13 % iRAP 2010
(2009) (2014)
- Nanometer precision actuators| 3,2 Bn. $| 6 Bn. $| 13%
positioning (2009) (2014)
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Market/Product " Qurrent Projected CAPR | Source
- Cameras, microskopy 2,8 Bn. $| 52Bn. $| 13%
lences/mirrors/optics (2009) (2014)

- Other applications (fuel injection, micr¢ 587 Mio. $| 1,1 Bn. $| 13 %

pumps, printing cartridges, robotics)

(2009)

(2014)

Nano-biotechnology  applications in 19,3Bn.$ | 29,7Bn.$| 9% BCC 2011

medicine (drug delivery, imaging, anti (2010) (2015)

microbiotics)

Drug delivery technologies n.a. 13 Bn. $ | na. Espicom Busines

(2018) Intelligence 2009

- Established products (approve( n.a. 10,2Bn.$ | n.a.

transporters such as liposomes, polymel (2018)

particles, dendrimeres)

- New products (tissue specifiq n.a. 2,8Bn.$| na.

theranostics) (2018)

Nano coatings in medicine 115 Mio. $| 380 Mio $| 27 % Future Markets 2010
(2010) (2015)

Biochips (DNA, protein analyses, age| 2,6 6 18 % BCC 2010

research)

- DNA chips 1,3 2,7 15 %

- Microfluidic chip labs 0,8 2,1 21%

- Protein chips 0,3 0,8 20 %

- Newly developed biochips (glykomicy 131 265 15 %

tissue analysis)

E
|

Transparente elektronics 76,4Bn.$ | 123Bn.$ | 10 % BCC 2010
(2010) (2015)
- organic materials (organi¢ 2,3 Bn. $| 20,1Bn.$ | 60 %
semiconductors) (2010) (2015)
- anorganic materials  (ITO, mixe| 74 Bn. $| 103Bn.$| 7%
oxides, CNT) (2010) (2015)
Semiconductor memories 46 Bn. $| 79 Bn. $| 11 % BCC 2010
(2009) (2014)
- DRAM 25 Bn. $| 41 Bn. $| 10%
(2009) (2014)
- NAND Flash 13 Bn. $| 26 Bn. $| 15%
(2009) (2014)
- Others (MRAM, PRAM, FeRAM| 8 Bn. $| 12 Bn. $| 8%
NRAM) (2009) (2014)
LED 51Bn.$| 54Bn.$| 6% Strategies  unlimited
(2009) (2010) 2010
Nano-photonic componentc (nand.ED,| 110 Mio. $| 3,6 Bn. $ | 101 %
OLED, holographic memories, amplifier] (2009) (2014) MarketsandMarkets.co
switches, photonic cristalls, plasmonics) m 2009
Energie
Nanc-optimised batteries 169 Mio.$| 1,1 Bn. $| 46 % iRAP 2009
(2009) (2013)
Nano-optimised photovoltaic 68 Mio. $| 820 Mio.| 43 % Future Markets 2010
(2010) $ (2017)
Nano-optimised fuel cells and hydrogerl 2 Bn. $ | n.a. n.a. iRAP 2009
technology (2008)
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Market/Product " Qurrent Projected CAPR | Source
Membran electrode units for fuelcells | 6 0 0 M| n.a. n.a. VDI TZ 2011
(2010)

Supercondensers 275Mio. $| 713 Mio.| 21 % iRAP 2010
(2009) $ (2014)

Micro energy harvesting 80 Mio. $| 1,3Bn. $| 74% iRAP 2010
(2009) (2014)

Superconduction 2 Bn. $(34Bn.$| 11% BCC 2010
(2010) (2015)

Superconduction in electrical engineerin| 23 Mio. $| 889 Mio.| 107 %
(2010) $ (2015)

Hightemperature superconductor wires| 4 Mi ¢ n.a. n.a. VDI TZ 2011
(2010)

Catalyser for electrical engineering 4 Bn. $| 6 Bn. $| 8% BCC 2010
(2010) (2015)

Thermovoltaic cells 1 Bn. €| na. n.a. VDI TZ 2011
(2010)

Membran electrode units for electroysis| 50 Mi| n.a. n.a. VDI TZ 2011
(2010)

E
|

Nanotechnology in  environmenta| 2 Bn. $| 21,8Bn.$| 62% BCC 2009

technologies, total (2009) (2014)

Nanotechnology for water treatment 14Bn.$| 22Bn.$| 10% BCC 2010
(2010) (2015)

- Nano and ultrafiltration membranes 14Bn.$| 21Bn.$| 9%
(2010) (2015)

- Nanomaterial based membranes 45 Mio. $| 112 Mio.| 20 %
(2010) $ (2015)

Ceramic filtering membranes 23 Mi| na n.a. VDI TZ 2011
(2010)

Nano fibers fasern and nowovens for| 1 0 0 M| n.a. n.a. VDI TZ 2011

technical filtration (2010)

Nano optimised water filters 100 M| na. n.a. VDI TZ 2011
(2010)

Catalysts for environmental technologie§ 12,3Bn.$ | 14,6Bn.$ | 6 % BCC 2010
(2010) (2015)

Nano-optimised packaing inf 3,8Bn. $( 81Bn.$| 16% iRAP 2010

pharmaceuticals (2009) (2014)

Nanooptimised packaing in food and 4,2 Bn.$| 7,3Bn. $| 12% iRAP 2009

beverages (2009) (2014)

Electronics in packaing (RFID, OLE n.a. 7,7Bn. $| na IDTechEx 2010

sensors) (2020)

Nanc-optimised paper production 32Bn.$| 3,7Bn.$| 3% BCC 2010
(2010) (2015)

- Carbon nano tubes 8,3 Mio. $| 19,3 Mio.| 18 %
(2010) $ (2015)

- Nanolayer silicates 19Bn. $| 21Bn.$| 2%
(2010) (2015)

- Nano starch 600 Mio. $| 700 Mio.| 3%
(2010) $ (2015)

Nano coatings in construction 130 Mio. $| 400 Mio.| 21 % Future Markets 2010
(2010) $ (2015)




- Market/Product " Qurrent Projected CAPR | Source

Automotive
Nano-optimized components and fabric{ 246 Mio. $| 888 mio.| 29 % Future Markets 2010
(e.g. polymer composites, sensors,| (2010) $ (2015)
batteries, ..)
Nanocoating in automotive applicationg 125 Mio. $| 310 Mio.| 20 % Future Markets 2011
(e.g.anti-corrosion, antibacterial, ...) (2010) $ (2015)
Sensors
MR sensor chips 100 Mio. $| n.a. n.a. VDI TZ 2011
(2010)
micro sensors 59 Bio. $| 12 Bio. $| 15% BCC 2011
(2011) (2016)
- MEMS sensors 3,2 Bio. $| 6,5Bio. $| 16 %
(2011) (2016)
- Nano sensors 6,5 Mio. $| 38 Mio. $| 43 %
(2011) (2011)
Textiles
Nanosilver in textiles 50 Mi| na. n.a. VDI TZ 2011
(2010)
UV protection of textiles 10 Mi| na. n.a. VDI TZ 2011
(2010)

_____________________________________________________________________________________________________|]
SourceTable was composed iNano.DEReport 2011

Carbon nanotubes

The global financial crisis has severely impacted the entire nanotechnology value chain, including
nanointermediates, nanomaterials anthnocomposite®. In 2011, carbon nanotubes accounted for a 28%
market share of overall nanomaterials dem&hdn terms of production capacity, Adtacific leads, followed by

North America and the European Union. Carbon nanotubes witnessed a considezalihe diuring 2002009

but are taking up agairin addition, growing demand (particularly in Europe), advancements in manufacturing
and purification methods, and commercialization of new products are expected to drive growth over the coming
years.The gldal market for carbon nanotubes is forecast to reach $7.72 billion by the yeaf2QtBer sources
forecast the carbon nanotubes industry to grow to $1.1 billion by 2016 at a CAGR of 10.5%, expecting to
production capacity to exceed 12.800 metric ton2016 (sed-igure3.35).

80 http://www.prweb.com/releases/carbon_nanotubes/nanotechnology/prweb4482634.htm
6% http://www.nanowerk.com/spotlight/spotid=23118.php
62 http://www.prweb.com/releases/carbonnanotubes/nanotechnology/prweb4482634.htm
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Figure3.35: Five years forecast for global carbon nanotubes market
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Graphene

The global market for grapher®ased products is projected to reach $122.9 million in 2017 and $986.7 million
in 2022, increasingt a fiveyear compound annual growth rate (CAGR) of 51 Figu(e3.36). The segment
made up of capacitors is projected to be the largest segmen®®22Capacitors are expected to increase from
$31 million in value in 2017 to $410 million in 2022, a CAGR of &7.6&¥hers sources obtain a more
conservative estimate of $100 million in 2G48r an annual growth of 40%, reaching $216 million in 2020

Figure3.36: Global market for graphea-based products ($ millions)
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63 hitp://www.bccresearch.com/report/grapheng¢echnologiesapplicationsmarketsavm075b.html
64http://www.electroig.com/articles/sst/2012/11/idtechexXorecastsa-usd100million-graphenemarketin-2018.html
85 http://w ww.luxresearchinc.com/newand-events/pressreleases/147.html
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Quantum dots

The global market for Quantum Dots, which in 2010 is estimated to generate $67 mileveimues, is projected

to grow over the next 5 years at a compound annual growth rate (CAGR) of 58.3%, reaching almost $670 million
by 2015, representing a tenfold incred&eMarketsandMarkets estimate the total market for quantum dots to
reach $7480.25 rtion by 2022, at a CAGR of 55.2% from 2012 to 20ZRe US has a leading position in the
guantum dots technology market, followed by Europe and Rsiaific.

_____________________________________________________________________________________________________________________________________________________|
Figure3.37: Global market revenue for quantundots in promising market sectors
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86 http://bccresearch.blogspot.be/2011/06/globaharketfor-quantumdots-to-grow.html
87 http://www.prweb.com/releases/quanturadots-qgd/market/prweb9814298.htm
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3.8. ADVANCED MANUFACTNRITECHNOLOGIES

3.8.1. Technology market share

Trends in markets shares for AMT for other KETs are quite similar to those for/ndoaelectronics. and
advanced materials since many patents classified as
a significant fraction of patents olerap bet ween * AMT for ot her KETs'’ or
/nanoelectronics. and advanced materials on the other). East Asia is producing the highest number of patents in

the field of *AMT for other KETs'’ ( miaNorth Americea Bhare e i n 2
position 2 (with about 25 percenteactN.or t h America’'s contributiAMT tfoort he
ot herf KEEfTsstronger (from 40 percent i nTheRbW@duntrkshan Eur
increased th& market share marginally between 2000 and 2010, contributing 3 percent to global patent output

in 2010.

Patent dynamics in this KET are low. The total number of internati@eahpapplications in 2010 wasp@rcent
below the 2000 figure. Declining patt output in Europe-@5 percent) and North America4(l percent) are
contrasted with signifiant increases in East Asia ({f&fcent) and RoW (dlpercent).

In Europe, Germany lost market shares, but is still the largest patent producer in this KETg hdiiropean

market share of 3®ercent in 2010. France follows second, contributing 17 percent to European patent output

in *AMT for other KETS’ in 2010. The Netherlands f el
Sweden was the sixtladgest patent producer in Europe in this KET in 2010, ousting Italy to rank 7.

Figure3.38: Market shares in international patents in the KET field of AMT for other KETs 200 (percent)
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Source EPOPatstat, ZEW calculations

Most patents in ‘“AMT for other KETs’' can be assigned
There are also some patents, however, which represent a type of general purpose AMT and which can be used
to producedifferent types of KETs or kBased products. One group of these patents are classified in the subfield

‘“instruments’ whi ch includes technology for scienti
technology. This group is merged with the wemall group of AMT patents related to nanotechnology into the
subfield “others’. The market share increase of East

of photonics, microelectronics and materials. In all three subfields, Eget Applicants hold the largest market
share by 2010 and increased its contribution to global patent output significantly. In the subfields of photonics,
more than80 percent of all EPO/PCT patents in 2010 origohfitam East Asia. North American appfits, who

had the highest market share in 2000/01 with more than 40 percent, contributed only 5 percent to total
patenting in 2010. Europe could maintain its low market share at around 15 percent. In the subfield of
microelectronics, North American did nloseground at the same pace and are still ahead of Europe. In advanced
materials, Europe had the highest market share until 2009 but was overtaken by East Asia in 2010.
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Trends are somewhat different in the subfield of biotechnology. Europe reports e starket share of about
35 percent, though this figure recently felt to 30 percent in 2010. North America shows a declining market share

while East Asia has been catching up. In 2010, the three main regions had similar market shares of around 30

percent.The RoW contributed 10 percent to global patent output and show an upwards trend. The three most
important countries in this group are India, Israel and Australia. A completely different picture emerges for the

subfield ‘“instr ume nytthe leadinddpmodueer of Ratent® ané couldsincredseeits market
share, substantially from 35 percent in 2002 to 58 percent in 2010. East Asian applicants are not very active in
this subfield and do not show an upwards trend for their market share. Ihtbet her ™ subf i el d, anni

in market shares is high due to a low absolute number of patents. The general trend suggests increasing market
shares for East Asia at the expense of Europe while North America could maintain its share.

Figure 3.39: Market shares in international patents in the KET field of AMT for other KETs 200®, by

subfields (percent)
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3.8.2. Market potential

Manufacturing is an essential steplboing technological innovations to the market. Most products and services

have a manufacturing process behind it. The global manufacturing economy is estimated to be £6.%.ttillion

the 2013 Global Manufacturing Competitiveness Index, China was founbetdahe most competitive
manufacturing nation, followed by Germany, the US, India and South Korea. Five years from now, the report
predicts China to maintain the first ranking, followed by India, Brazil, Germany and e IU& not
straightforward to fnd detailed information on market estimates for advanced manufacturing technologies as

they have many applications in multiple industries.

68 A landscape for the future of higlalue manufacturing in the UK, Technology Strategy Board, 2012
69 Global manufacturing competitiveness index 2013, Deloitte
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Additive manufacturing

Additive manufacturings a layesby-layer technique of producing thregimensional (3D) obfcts directly from

a digital modelWith markets including prototyping, tooling, direct part manufacturing, and maintenance and
repair, the industry has grown significantly to $1.3B of materials, equipment, and services 1A Zb&0additive
manufacturingmarket, including consumer products, business machines, medical, and aerospace industries, is
expected to grow at a CAGR of 13.5% from 2012 to 2017 to reach $3,471.9 million By @@h&r sources
estimate additive manufacturing to reach $3.1 billion Vdovide by 2016 and $5.2 billion by 2020

Robotics

In 2011, BBC Research estimated the global market for robots and-relatéd products to grow to nearly $22
billion in 2011 and $30 billion by 2016, a compound annual growth rate (CAGR) of 6.7% b2dd&emd 2016
(seeFigure3.40). In their recent report published in February 2013, they forecast that this value will rise at a five
year compound anual growth rate (CAGR) of 5.9% between 2013 and 2018, when it's expected to surpass $29
billion. The Asian market is expected to demonstrate the largest growth in the coming years, while growth in the
European Union is anticipated to be concentrated i tltter part of the forecast period, when robotic
development initiatives now being undertaken on an&ide basis will result in commercialized produéts

The industrial robotics market was worth $8.5 billion in 2011. Asia is leading the market mwitkat share of

56%, while Europe represents almost 1/3 of the global industrial robotics nfarRéie US is catching up as the
Obama administration supports the automation & robotics industry. In the service robotics market, the market
value reached $3.6illion in 2011 for professional use and $0.636 bhillion for personal use. Europe is a major
player in the professional service robotics market.

Figure3.40: Demand for robots
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3.9. CONCLUSION

The analysis of market shares in technology markets for KETs revealed a steady strengthening of East Asia as the

main producer of new technological knowledge in KETs. In the past ten years, East Asian organisations increased
their share in totalpatent activity in each of the six KETs. In four Kgfistonics, advanced materials, miero
/nanoelectronics, AMT for other KETRBast Asia was the most important patent producer by 2010. At the

70 Additive Manufacturing: Status and Opportunities, IDA, 2012
 http:/lwww.prweb.com/releases/additivemanufacturing/medicabevicesmarket/prweb10291367.htm

72 http://lwww.forbes.com/sites/tjmccue/2012/03/27/3dprinting-industry-will-reach3-1-billion-worldwide-by-2016/
“http://www.digitalmanufacturingreport.com/dmr/201303-01/bbc_research:_robotics_market_to_top_$29b_in_2018.html
74 Robdics in Europe, INNOECHO, March 2013
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beginning of the 2000s, North America held the leading pmsiin all six KETs. Industrial biotechnology and
nanotechnology are the only two KET areas that still show North America as the region with the largest market
share by 2010. While North America lost market shares in all six KETs, Europe performedyrblatige In
Photonics and nanotechnology, European market shares stayed stable during the past decade. In the other four
KETs, losses in market shares were less severe compared to North America.

One should note that trends in KET patenting are veryainalthe overall trend in international patenting which
shows an increasing share of East Asia and a declining contribution by North America while Europe reports
moderate losses in market shares. The main difference with respect to KETSs is the highafrrpadect share

gains by East Asia, resulting in a leading position of this region. For overall international patenting, Europe still
held the highest market share in 2010.

Within Europe, Germany and France were the main producers of KET patents im2&hiof the six KETSs.
While Germany maintained its dominating position during the past ten years, France increased its market share
within Europe in all six KETs. The UK and the Netherlands both show decreasing market shares.

A more disaggregated analgsat the level of subfields within each KETs reveals that Europe is leading KET
patenting in some subfields and was able to gain market shares. In Photonics, European strengthediredls th

of measurement and elé®n-optics as well as lasers. In maachnology, Europe is the leading patent producer

in nancanalytics and has increased its market share in Aaaterials. In micreand nanoelectronics, Europe

could maintain its market share in the field of devices and shows an increasing market stharsrimall area of

testing and amplifiers. In AMT for other KETs, Europe has a very high market share in the subfield of instruments
and was able to maintain its share in the global technology output of AMT for biotechnology and materials
production.

Theanalysis of thanarket potential of KETeveals that substantial growth is expected in all six KETs in the
coming years. Depending upon the particular KfEGwth potential of 10 to 20% &xpected in the coming years.

For particular submarkets, thgrowth potential is even largeihe position of Europwith regard to market size

differs for the various KETSs, but in general the increasing importance of Asia and the higher pace of market share
gains can also be witnessed here.
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CHAPTER ¥ALUE CHAIN ANALYSEKETSBASED PRODUCTS

4.1.INTRODUCTION

In this chapter, the value chain of twaromising KETshased products isnalysed anddiscussed. First, a
motivation is provided for the selection tfesetwo particular KETFbased productsnamelythe lipase enzymes

and the accelerometer. Next, a more detailed analysis of the value chain of lipase enzymes and the accelerometer
isprovided Theinformation and analyses given abased on expert interviews, articles, new sites and market
estimationreports. The methodology used to analythe value chain is the same methodology as adopted in the
feasibility study for an EU monitoring mechanism on KETEhe analysis points out that EU firms play an
important role in essential parts of the value chailthoughthe exact proportions of value added captured by

EU firmscouldnot be retrieved®.

4.2. ELECTIONF KETBASED PRODUCTS FARUE CHAIN ANALYSIS

Theresults of theliterature revieware used tasupportthe choicefor the two KETsased products that W be
the subject of the value chain analysis in this chapt@rious Communications and reports published by the
European Commissian orderto select a KETlsased produchave been consulted as welKETsased product

in two different KETBas beerchosenjn order to illustrate the value chain decomposition for tdifferent KETSs.

The economic importance and growth potential of the particular KiaBed product has beghe main selection
criterion. In addition, for the selection at the productvid, it was taken into account whether a given product
constitutes a relatively new application verdasingwell established. The value chain analysis aims to focus on
upcoming products that are driven by technological innovation, as to amalyw the EUerforms in developing

and marketing new high technology products in the KETsamdénow EU future policy can support this process
further. The final selection resulted in the choice of enzyme class lipases in industrial biotechnology and the
acceleroméer in micro and nanotechnology.

In the next paragraphs, the selection process is described in more dstaib(sd-igure4.l). First the choice for
a particular KET is discussed, followed by the choiceparticularproduct segment within the chosen KET, and
finally the choice for the actual product within theasen KET segmentdiscussed anchotivated.

Figure4.1: Different steps in the selection of KEbased products for the value chain analysis

KET ==) KET mm) KETs-based
Segment Product

Source IDEA Consult

4.2.1. Lipase enzymes

A first KET that has been selected is industrial biotechnology. The reason for selecting this KET is the fact that
biobased products are identified as one of the six

European Industry for Growth andcEb n o mi c Recovery”. I n addi tion, t

"Shttp://ec.europa.eu/enterprise/sectors/ict/files/kets/final_report_kets_observatory_en.pdf

76 A major difficulty here is the possibility to estimate the value added of the selectedd€&dd product in the total prodi range of a
company. For example, in the case of foundries, no information is disclosed on the share of the accelerometer produotdherers
total production. Moreover, this share tends to alter over time particularly to rapid shifts in market derAand.both selected KETs
based products, large companies are involved, it is important to have information on the share of tHeké&d product in total revenue
in order to provide reliable information on the value added capture by EU firms. Due tmeoiidlity reasons, this information is
hardly/not disclosed.

91

pr
he



importance ofthebhicbased economy in the Communication “lnnovati
for Europe?’”.

Within industrial biotechnology, enzymes have been selected poduct segment. Enzymes are one of the
major promisingrowth areas in industrial biotechnology. They enable a broad range of applications and provide
several advantages over traditional chemistry including high selectivity, less energy use and mild reaction
condtions. They are a valuable complement to regular microbial fermentation, e.g. in cases where the
microorganisms themselves are not wanted or cannot function in the reaction mixture. The market for enzymes
has grown rapidly over the past decade, and bothuseholds and industry are becoming more and more
dependent on enzymatic catalysis. Even so, there remainast untapped potential in the enzyme market
(Sarrouh et al, 2012The market for industrial enzymes amounted up to 3.3 billion dollar in 20 Wisaexpected

to grow to 4.4 billion dollar by 2015, a compound annual growth rate (CAGR) of 6% oveydhe forecast

period (BCC market research, 2@1L1

Two enzyme classes that are considered to have the highest growth potential belong to the group of hydrolases,
namely carbohydrases and lipases (Global Industry Analysts, 2012). These two enzyme classes have been
screened apotential products for the vale chain analysis. Carbohydrases are a wide class of enzymes catalyzing
breakdown of sugar polymers. They have been used for many years in the paper/pulp, food, and detergent
industry; and more recently also for first generation biofuels. As previouslkyrided, a major new application

is developing for carbohydrases, namely the use of cellulases for second generation biotechnology. However,
this application is still too immature to be reflected in an analysis (only a minority of companies have started to
produce next generation cellulase on a commercial scale si3cgears). Therefore, an analysis of carbohydrase
enzymes would involve mostly traditional applications of this enzyme class. Since this is not fully in line with the
purpose of the value chaianalysis, this option was not pursued.

The second group that was screened, lipase enzymes, has traditionally been used in detergents, where they
remove fat and oily staindn addition,they are increasingly used in the food industry, where they aredus

among others in applications involving dairy, bakietg. In recent years, lipases hawaso received more
attention as they are not only capable of hydrolyzing (cleaving) lipids, but also of catalyzing synthesis of a range
of new molecules (biocatali®. This has opened up a whole new range of possibilities including production of
basic chemicals, specialty chemicals, pharmaceuticals, cosmetics and biodiesel. Lipases are among the most
versatile and flexible biocatalysts for organic synthesis (theyhéghly compatible with organic solvents), and
therefore the most frequently used enzyme family in this area. They are penetrating various parts of the chemical

i ndustry, which is traditionally one of34%wiwopde’ s mo s
production and 43% of world exports in 2011 (Cefic, 2012). Europe represents about 40% of global trade in
chemicals (defined as total exports plus total imports), and is able to realize a significant trade surplus, illustrating
its competitive position Figure4.2). Lipases haviéhe potential to positively impact this industry both in terms

of competitiveness as well as environmental fdéness(high societal relevancys they allow reactions under

“mi | d’' wselessd energypangsoduceless unwanted sideroducts. Therefore, this KEbased product

is selected to anafe the position of the EU in the value chain of this upcapdlass opromisingenzymes.
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Figure4.2: World exports and imports in chemicals, 2011

World exports of chemicals 2011 World imports of chemicals 2011
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Source Cefic, 2012

4.2.2. Accelerometer

In Figure4.3 the expected market size for micrand nanotechnology is estimated to be $300 billion in 2015,
with an expected compound annual growth rate of 13%. Miaral nanoelectronics provide the kmtedge and
technologies that generate some 10% of GEPGMNE, 2011). It has enabled the rise of the information age
and impacted deeply our everyday lives, and is expected to continue to do so in the future. Seen the importance
and impact of this KET vitas decided to also select a KibBBsed product in micracand nanotechnology.

_____________________________________________________________________________________________________________________________________________________|
Figure4.3: Estimate global market potential of KETs

Current market size  Expected size in 2015 Expected
(~2006/08) (~2012/15) compound annual
usD usD growth rate
Nanotechnology 12bn 27 bn 16%
Micro and 250 bn 300bn 13%
nanoelectronics
Industrial biotechnology 90 bn 125 bn 6%
Photonics 230 bn 480bn 8%
Advanced Materials 100 bn 150bn 6%
Advanced Manufacturing 150 bn 200 bn 5%
systems
TOTAL 832 bn 1282 bn

Source HighlLevel Expert Group on Key Enabling Technologies, Final Report

Within this KET, Europe is leading in Mdran-Moore and still at a state of the art level in More MootLG

MNE 201)). Seen the increasing importance of Mdien-Moore applications,tiwas decidedo select a KETs
based product in Mor¢han-Moore and more specifically in the segment of Micro Electro Mechanical systems
(MEMS)MEMS are products elementary for many types of interactions of electronics with the outside world,
and providea good example of the continued integration of digital and tlgital functions over time, namely

the More than Moore (MtM) trend. This integration has enabled strong growth of MEMS over the past years and

93



their use in a wide range of applications. Ther®than Moore trend is a major evolution with potential for
radical innovations in the microelectronics field, and it is expected that the relative weight of the MtM
component in the industry will increase over time (ITRS, 2010).

To illustrate the varietyf MEMS that exist todayrigure4.4 provides an overview of the different functions
MEMsfulfil in an automobile context, where they were originaliyroduced. As can be seen, they serve many
purposes including measuring several state variables (pressure, motion), security (airbags), navigation (GPS), as
well as many others. Gradually MEMS have been used also in other areas such as consumer sl@ytwimen,

2010). With regard to the future it can be seerFigure2.13that the MEMS constitute a strong growing market

with a projected compoundnnual growth rate of 13% over the coming years, to reach more than 20 billion
dollars in 2017. Strong growth in the MEMS segment is thought to come particularly from métiosfland

inertial sensors (Yoldevelopment, 2012). One example of these fast growing inertial sensors is the
accelerometef’, which is the chosen KEBased producfor further analysis.

Figure4.4: Overview of MEMS applications in autonbdes
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The accelerometer is a motion sensor, measuring the acceleration of a given object. It was first introduced on a
large scale in automotive applications, but in recent times it has found its way into many consumer electronics
applications. In mobile devices such as smartphones, they are key sensors as they enable gesture recognition,
user interface control, activity monitoring, and hard disk protection. Other consumer electronics applications
include measuring of motion in gang and sports applications. The accelerometer has been one of the important
sensors in the evolution towards more ‘intelligent’ c
aware of the environment and the conditions of the device (Ryha2@if). The trend towards mobile and
intelligent consumer electronics has been growing strongly over the past years, and has outpaced the growth in
more traditional segments such as personal compufErgure4.5). With regard to the future, it is expected that

mobile devices sales will expand spectacularly. The value added that can be captured in the microelectronics
industry will increasingly move wards mobile, intelligent applications. As the accelerometer is representative

of two major evolutions in MNE (the trend towards mobile, intelligent devices and the integration of

77 Note that inError! Reference @urce not found, the growth of the accelerometer is not onl:
itsel f, but also under the class ‘combo’s’, which refers to a comt
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heterogeneous functions), we selected this kBdsed product to anade the position of the EU in the value
chain of this product.

Figure4.5: Global Unit shipments of personal computers, tablets and smartphones for 20055 (E=expected)
1,800
1,600

1,400

1,200
o Q4:10: Inflection Point
' Smartphones + Tablets > Total PCs
800
600
400
2LLLLL.
0

2010 2011 2012E 2013E 2014E  2015E

Global Unit Shipments (MMs)

8

= Desktop PCs = Notebook PCs = Smartphones 4 Tablets

Source Morgan Stanley Research

95



4.3. VALUECHAIN ANALYSIS OPASE ENZYMES

4.3.1. Value chain decomposition

Figure4.6 shows the value chain of lipase enzymes, which consists of two phases. étiesistthe selection and
genetic engineering of an appropriate microorganism, capable of producing the enzyme of interest. Second there
is the actual production of the enzyme. The latter phase can be subdividedrimajor steps. The first step is

the development of the production processvhich entails finding the right conditions for fermentation (the
following step) and the wscaling of production from laboratory scale to commercial scale. Once the production
process is optimised the large scale fermentation can occur. During fermentationitiheorganisms grow on a
substrate and produce the enzyme of interest. Once the fertaton is done, the following step is to separate

the produced enzymes from the fermentation mass (product recovery). In the final step, the enzyme product is
purified. The necessity of this final step depends on the application.

The value chain shown Figure4.6 applies not only to lipase enzymes but to enzymes in general, and even to a
large extent to industrial biotechnology in general. Indeetigther it concerns production of an enzyme, a
platform molecule, a vitamin or an amino acid, the main steps include finding and engineering a suitable
microorganism, letting it grow on a substrate such that it starts producing the product of interesefiation),
followed by downstream processing of the product. In the next paragraphs, each step of the value chain will be
described in more detail, while devoting particular attention to the lipase context.

Figure4.6: Value chain decomposition for lipasenzymes

Microorganism
selection & Enzyme production
engineering

Process _ Product Product
Fermentation N
development recovery purification

SourcelDEA Consult

Step 1: selection and engineering of microorganism

Since lipases are a broad class of enzymes, the first step is to select (and modify) the microdrgangrited

for production of the specific enzyme of interest. Although lipases are also produced by plants (and animals),
microbial lipases are preferred due to their stability, selectivity and broad substrate specificity. Within the class
of microorgansms, mostly bacteria and fungi are exploited for lipase production and to some extent also yeast.
The most important commercially available strains are from Bseudomonagbacteria), Mucor (bacteria),
Rhizopugfungal), Geotrichum sp(fungal) andCandic (yeast) genera (Salihu, 2012). Microorganisms are
selected on their ability to produce the enzyme in large quantities, whether they secrete this enzyme naturally
(which eases the recovery afterwards) and whether they are capable of growing in conatrfiionentation
environments. A chosen microorganism will often be genetically modified to enhance its performance
(production yield) or to improve the properties of the enzyme itself.

Step2: process development

When a microorganism capable of producargenzyme of interest is identified dengineered, the next step is
to up-scale the production from laboratory scale to a scale that is commercially Yigh#ealing processpften

this involvespilot and demonstration production runs, in which prodiaet is gradually increased towards
commercial scaleThis is especially relevant to industrial biotechnology, where theagling of production is
less straightforward than in classical chemisBwring this process, the optimal production conditiongy(gH,
concentrations of nutrientsetc.) are investigatedThis step should certainly not be seen as independent from
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the first step; indeed there may be feedback loops between the production stage and the R&D Hiage.
development of a commercially viable productiprocedureis important in bridging the saalled‘valley of
death'’: often promising results in th&Dstage do not make it to commercial quucts because the step in
between idifficult to overcome Al, even wherthe point is reachedvherelarge scale production can be done
(see step 3)process optimization efforts will continue.

Step3: fermentation

Once the production procedure has reached commercial viability, actual large-scale production of the
enzyme can start. This fermentation process is drawirigure4.7. The cente of this process is the main
production fermentor. Here the microorganisms can grow on the nutrients that are supplied, resulting in the
production of the enzyme of interest. Before microorganisms are transferred to the (large) fermentor tank, they
are grawn first in a smaller volume called the inoculation tank. As demonstrat&tgimre4.7 , the fermentation
process receives several inputs such as feedhe microorganisms, air (important for bacterial fermentation),

acid (to control the pH) as well as antifoam. For lipases it is important to supply a lipid carbon source, which
induces the production of lipase enzymes as in absence of this indueemititoorganism would not produce
lipase enzymes since there is no substrate for it. These inputs also need to be sterile (not containing traces of
other microorganisms in order to avoid contamination). Process parameters such as pressure, pH ... are often
monitored during the process. This allows for automatic intervention when one of these parameters deviates
from the prescribed optimum, which can avoid the waste of a valuable batch of products.

There exist several modes for the fermentation process. thlteemost common are fedatch and continuous
process. In the first mode a certain amount of microorganism is brought into the reactor with all inputs, after
which some important nutrients remain to be supplied to the fermentor tank. After some time pth@dhole
production is then harvested. In the continuous process mode there is a constant supply of all inputs as well as
a constant drain of fermentor broth of equal volume. Therefore the process can run continuous instead of in
several batches, redugajnthe time cost of starting and stopping a batch. Also the downstream processing of the
enzymes can happen in a continuous way rather than discontinuous. This is the ideal situation for large scale
production; however it is not possible in all cases. Téetk success for many companies is the extent to which
they can increase the yield of the fermentation process (often expressed as enzyme units per milliliter). In this
respect both the genetic engineering of the organism as well the optimization of feéatien process
characteristics (temperature, pH, type of nutrients, fermentation mode ...) can contribugéhigher yield, and

are central in the company’'s efforts to augment perfo

_____________________________________________________________________________________________________________________________________________________|
Figure4.7: Overview of fermentation process
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Step4: product recovery

After fermentation, the fermentation mass contains both microorganisms and enzymes. In most applications,
the presence of microorganisms in the enzyme product is not wanted. The goal of the recovery step is therefore
to separate both. This is often doneing microfiltration, which separates microorganisms and enzymes on the
basis of size. Another commonly used method is centrifugation, which separates by exploiting the difference in
mass between enzymes and microorganisms.

Step5: product purification

Depending on the application, the recovery step may not deliver the wanted degree of purity of the enzyme.
Indeed, microorganisms will produce a number of other enzymes (and otheenmyme proteins) as part of

their natural metabolism, and some of theseay be disturbing for the application of interest (e.g. lipase are
among others used in food applications). In this case a purification step is needed, in which the enzyme of interest
is purified from other molecules through more sophisticated methodsh siscultrafiltration or iorexchange.

To illustrate how enzymes can add value for the customers, an examible pharmaceuticatompanyPfizer is
provided. Pfizer has been engaged in efforts to turn their production process motfeiecdly for yearsFor the
production of Pregabalin, a drug for the treatment of neuropathic pain, on average 10 subsequent chemical
reactions was needed using classical chemistry. This resulted in a low overall product yield which led to a high
product cost. However, using lipase already in the first step resulted in the production for the right
enantionmeric form of the molecule of interest, resulting in a reduction of the number of steps needed from 10
to 4, and a great improvement in overall efficiency. This highopmidnce could be achieved with lipase enzymes
from the companies Novozymes and Amano Enzymes, which will both be discussed in the next paragbégphs.

4.1 shows the comparison of both production routes. The number of inputs needed for the process was greatly
reduced when using enzymatic catalysis, providing cost reductions to the company far greater than the extra
cost of the enzyme. In addition theneironmental footprint of the process was strongly reduted

78 http://www.dbu.de/media/130508051211a525.pdf
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Table4.1 - Comparison of classical and enzymatic route for Pregabalin production

Table 1. Inputs for 1000 kg Pregabalin via 1st Generation and New Routes

Kilograms

Inputs 1st Generation Route New Route

CNDE 6212 4798
Enzyme 0 574

(S)-Mandelic acid 1135 0
Raney nickel 531 79.5

Solvents 50042 6230

Total 57920 11681.5

Source: Pfizer

4.3.2.EU activity along the value chain

In thenext paragraphs, the key players in the lipase enzymes value chain will be identified and discussed. First,
the lipase enzyme producers will be described, these are the companies selling lipase enzymes. Next, companies
that do not sell lipases directly babntribute to the added value of this product by executing a specific step in

the value chain will be discussed. The focus will first lie on companies providing services for the selection and
engineering of microorganism, followed by companies that até&v@dn the second part of the value chain
namely enzyme production.

Lipase producers

Table4.2 provides an overview of the majority of companiesiae in the production of lipase enzymésdustry

experts were asked to lishe companies with the highest market shares for each of the three major application

fields of lipase enzymes, which provides insight into which regions are leading in the dpgsient. For

companies not selling lipases but focusing on specific parts of the value chain, information on the relevance of

|l i pase enzyme in their activities is typically more d
end praduct.

Fifteen companies have been identified, of which almost half are located in Europeth#/ifenmarkbased
Novozymes, Europe host worl ds’ |l argest player in the
from NovoNordisk (Danish firm) iB00O0, presented in 2011 about 47% of global enzyme skigare4.8). Over

the past decade it has been able to maintain and even increase its meirket through large investments in

innovation, and nowadays it is a key player in all subfields of enzymes. With regard to lipase enzymes, the
company offers a broad portfolio of enzymes for various applications, including traditional ones such as
detergerts and food processing, but also more recent applications such as biocatalysis for the pharmaceutical,
cosmetics and chemicals industry.

Netherlandsbased DSM is larger in revenue compared to Novozymes, but its share of eredgitad activities

is not & high®. Figure4.8 show thatDSMs t ot al revenues from enzymes are
revenues. DSM is active in lipases particularly in food applications, and has recelgijnedits interest in this

field by acquiring lipase technology from W&sed Vereniu, primarily to exterd its activities in food
applications. However, its | ipase pd mMhefothdr Ewopeiars n o't

7  Novozymes revenues stem for about 93% from enzymesittp://www.novozymes.com/en/investor/events
presentations/Documents/Novozymes NasdagOMX 071210 BDLO.pdf

80 http://ir.verenium.com/releasedetail.cfm?Release| D@39

81 http://www.novozymes.com/en/aboutus/brochures/documents/enzymes_at work.pdf
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companies active in the lipase segment are generally an order of magnitude smaller than DSM and Novozymes.
Many of these companies focus on a number of specific applications. For example, AB enzymes (owned by the
Ukbased ABF) produce lipases predominantly for food (baking) purposes, while Biocatalyst Ltd. focuses on dairy
applications. Eucodis Bioscience is a relatiyelyng company with a high share of lipases in its product portfolio,
targeting mainly pharmaceutical applications. Germaaged decta is also a relatively young company, offering
enzymes for a limited number of applications. However it does represeathar large number of lipases and is

a recognized player in this segment. With its lipase products, it focuses among others on the production of
specialty chemical®.

Table4.2 - Overview of lipase producers

Region S SR AT TotaI.R.’evenue 2011 Main Production
(million dollar) Sites
Netherlands DSM 9 048 CH, DE, NL, UK, U
Denmark Novozymes 1891 CN, DK, US
EU UK ABF (AB Enzymes) 16 650(127) DE, FI
Germany Clecta n.a. DE
UK Biocatalysts Ltd n.a. UK
Austria Eucodis Bioscience n.a. AT, DE
us Dupont (Genencof) 38 000(83%) BE, CN, FI, US
us Codexis 124 Us, IN
us Verenium 61 Outsourced
us Dyadic 10 us
Non-EU Japan Amano 1074 CN, JP
Japan Meito-Sangyo 176 JP
India Advanced Enzymes 34 IN
India Aumgene Bioscience n.a. IN
China Syncozymes n.a. CN

|
Source:IDEA Consult Company turnover and main production sites are based on corporate annual regudtscompany website

information.
Notes:a=in casethe relevant activities ar@erformed by aspecificsubsidiary, this subsidiary is listed in parentheses behindotrent
company.Themain production sitesnentionedapply to this subsidiarjg=total revenue 2010c=total revenue 2012

Outside the EU, the main country emerging frdable4.2 is the US with three companies. In the US, the largest
player is Dupont, which is due to the recent acquisition of Denrbaded Danisco and its W&sed subsidiary
Genencor. Genencor is theecond major global enzyme producer in the world; representing about half of
Novozymes sales (séégure4.8). Before the acquisition, Dupont and Gewer were already collaborating in

the form of a joint venture that aimed to develop second generation cellulase enzyme technology needed for
sustainable biofuel production. One of the goals of the acquisition by Dupont is to profit from the emerging
bioerergy market. Besides this, Genencor is also strong in the food enzyme market (its former parent company
Danisco is a food producehpwever in the lipase segment of the food market it has not been abfgdw to a
leading player (see also belaviny addtion, it is much less present in some of the emerging markets for lipases,
such as pharmaceutical and chemical market applications, unlike Novozymes.

The tree other US companies are significantly smatlean Genacor. Codexis produces enzymes used to
improve production processes in the pharmaceutical industry, and is currently developing its lipase activities.
Verenium has achieved certain successes in the commercial development of lipases as illustrated by the recent

82 http://www.c -lecta.com/?lang=en&category=products&page=lipasen
http://www.bio -catalyst.com/enzymesourcest-lectagmbh/
83 http://www.biofuelsdigest.com/bdigest/2012/02/24/theenzymewars/
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acquisition of enzyme technology including lipases, by DSM for about $37 fill@mrently it does not
commercially sell lipases according to their website information; however the company does report to have
several proprietary lipases and phospholipascandidates for future products. Dyadic is also a rather small
company, that owns a revolutionary technology platform for the discovery and production of enzymes, but it
does not have a specific focus on lipases.

|
Figure4.8: Market shares of key players in global enzyme market, 2011

Novozymes
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Genencor
(DuPont)
21%

SourceNovozymes

Japan records two companies Trable4.2. Amano Enzymes is a large and recognized player in the enzyme
market. It has a long history as specialty enzyme developer, and its key strengths lie in the class of hydrolases
(enzymes thatleave chemical bonds, thereby consuming water in the cleaving processg@lygst, 2013). One

of its most successful products is lipases, which has been widely produced over the past years. These lipases are
useful for various chemical conversions, wagbplications notably in the pharmaceutical and chemical industry.

In the example of Pfizer provided in the previous paragraph, the lipases from Amano Enzymes were, together
with lipases from Novozymes, considered to be the best for improving the produstacessHowever, Amano

does not serve the wide range of applications Novozymes dides other Japanese company, Mefangyo, is

smaller than Amano but also a recognized player in the field of lipases, especially in applications involving chiral
transformations®. Alsotwo companies from India appear in the lisipth offering arather broad portfolio of
lipasesThis reflects the emergence of India in #r/zyme industryasit appears to be one of the Asian countries

with the highest commitmentd the development ofndustrial biotect§®.

Broadly speaking, lipase enzymes have three application areas: detefganoving fats in laundering,
dishwashing, and industrial cleanindpood (fats and oil processing in applications such as dairy, bakinagnd.

biocatalysigthe production of chemicals, cosmetics and pharmaceuticaé®) also sectiof.2.1 It can be seen
in Tabled.3that European companies are well represented in each segment. In the detergent se@earticor

(US) and Novozymes are the two companies with the highest market shares. The food segmermadedi by

Novozymes and DSMhile the in the biocatalysis segment Novozymes is the clear market leader.

84 http://ir.verenium.com/releasedetail.cfm?ReleaselD=659239
85 These are reactions in which the epotbduct is composed of the exact same atoms as the initial molecule, howeeterochemical

(spatial) arrangement of the molecules has been changed, which can give it whole new properties
86 Source: interviewee
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Table4.3: Dominant companies per lipasapplication field

Application field Detergent Food Biocatalysis
Companies with| Novozymes, Genencor | Novozymes, DSM Novozymes

highest market shares
_____________________________________________________________________________________________________________________________________|

Sourceinterviewee§’

Companies active in microorganism selection & engineering

Lipase producers do not necessarily execute all parts of the value chain themselves. Other companies can be
active in specific parts of the chain. The first part of the value chain, the selection and engineering of
microorganisms (seigure4.9) can sometimes be problematic for a company to pass on its own, and therefore,
particular companies hire expertise from outside to overcome this. Only three companies have been identified
as providers of such services (Sksble4.4). This can be explained by the fact that the first step of the value
chain can be considered as a core competence of most lipase producers.

|
Figure4.9: First part of the lipase value chain
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SourceiDEA Consult

Regarding the companies that could be identified, DSM is a large company with many activities as mentioned in
the previous paragraph. One activity is the guidance of other companies in the development of their
technologies. For example when a lipase pragtus working on the commercialization of its products, DSM can
propose other microorganisms for the expression for the gene of interest as to facilitate tbealipg of enzyme
production. Similarly, Lonza possessescalled expression platforms, -lmouse engineered microorganisms
enabling high enzyme production levels. Augmene Bioscience on the other hand offers various types of contract
research to third parties, such as genetic engineering for the development of suitable microorganism strains.

|
Table4.4 - Overview of companies active in microorganism selection and engineering services

Region Country Company name Total Revenue 2011
(million dollar)
EU Netherlands DSM 9048
NonEU Switzgrland Lonzfa . 2019
India Augmene Bioscience n.a.

__________________________________________________________________________________________________|
SourcelDEA Consult, based on company annual reports.

Companies active in enzyme production

The largescale production of enzymes requires considerable investment in infrastructure, which often forms a
hurdle especially for smaller (staup) companies. Similar to the concept of foundries in the semiconductor
industry, there exist a number of cqranies that do the enzyme production (fermentation and downstream

87 This table was composed by asking the interviewad®sut the most important players in each application field
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processing) for other parties. In this section, companies active in this segment, the second part of the value chain
(seeFigure4.10), will be discussed.

Outsourcing of enzyme production can deliver specific benefits to enzyme companies not only by reducing the
financial risk, but also by providing access to fermentation khow contained by the fermentation service
provider.In this respect it is important to note that in industrial biotechnology the scalin@f the production

of a given product (enzyme, vitamin, ...) from laboratory to commercial scale is everything buttébravgrd,

and more difficult compared to classical chemical production processes (Wydra, 2012). Therefore the
fermentation service providers often guide enzyme producers throughgtlaeual upscaling of production of

the novel enzymdthe process develapent stepin Figure4.6). These services are mostly used by smaller
companies, whereas the large industrial players typically organize the wholegifodin-house (similar to the

IDMs in the semiconductor market). One example of a company relying on outsourcing of its productien is US
based Verenium. It performs its R&D and sagdeof its production in the US, but the commercial production is
outsourced to a facility in Mexico.

Figure4.10: Second part of the lipase value chain

Microorganism Enzyme

selection &

engineering pI'Od uction

SourcelDEA Consult.

The companies identified to be active in the second part of the value chain are shoWabli®4.5. These
companies are known to be engaged in contract production of enzymes for industrial purposes. However, it
should be noted that the imptance of lipase production in their production services can be time varying and is
not disclosed by these companies. This list therefore applies to industrial enzyme production in general.

Four companies are located in Europe. Netherlabdsed DSM, byaf the largest company involved, was already
present in the list of lipase producers. Indeed, apart from producing enzymes under its own brand name, it also
offers a broad range of fermentation services to other companies. Also two other companies, Biosciisnce

and Biocatalyst Ltd., have been identified as lipase prodéterSinlandbased Galilaeus is a small company
focusing on fermentation services for various fields.

Outside the EU, Switzerland records two companies. However, the presence ddrgfee pharmaceutical
company Novartis is due to its ownership of Sandoz, a Getraaad company which offers a broad range of
fermentation services to its facilities in Germany, Austria and Italy. Lonza is also a large company with a broad
range of activies. One of the pillars of its activities is its manufacturing service, which includes microbial
fermentation of enzymes. Given that the main fermentation site of this company is located in Czech Republic, it
can be concluded that many relevant activitieEboth Swiss companies are taking place in Europe, and in
particular the fermentation services are accessible to European®riike company Fermic, based in Mexico,

has an agreementwith W sased Verenium for the manufApadtomthisynitg o f
engages mostly in the production of pharmaceutical compounds through fermentation.-bssetl Biodalia is

88 This may of course hinder other (lipase) producers to use facilities from these companies, given potential technolcgrg sHitloever,
this problem may vary from case to case (lipases are a broad class of enzymes). In any case it appears thatt® 8klidgsfself a broad
portfolio, is able to run a solid enzyme manufacturing service for other companies.
8%http://www.sandoz.com/assets/media/shared/documents/Sandoz_Global Contract Manufacturing Flyer Fermentation.pdf
http://bio.lonza.com/uploads/tx_mwasnarketingmaterial/Lonza Brochures Microbial Fermentation Services.pdf
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a company focusing on microbial technologies for agricultural, chemical and food applications. Its manufacturing

services inclde the production of azymes for food processing and cosmetics.

Interestingly, outside the EU there is also one company found to be active in both proprietary enzyme production
as well as manufacturing services for enzyme production, namely-hadied Agmene Bioscien®® This
company offers extensive manufacturing services for a variety of enzymes. It is noteworthy to mention that in
the search for companies active in this segment, nebl&:d firms have been identified. During the process of
identifyingrelevant companies it was noted that the offer for fermentation services for pharmaceutical purposes
(e.g. the production of an antibody or a pharmaceutical compound) are available on a much larger scale, both in
the EU and in particular also in the USisTcorresponds to the general observation that the field of medical

(“red’”) bi

otechnol

term market potential (OECD, 2009).

0gy

i s current.l

y

better

devel oped,

_____________________________________________________________________________________________________________________________________________________|
Table4.5 - Overview of companies active in enzyme production services

Region Country Company name TotaI'R.evenue 2011
(million dollar)
Netherlands DSM 9 048
EU Finland Galilaeus Oy 1,9°
Austria Eucodis Bioscience n.a.
UK Biocatalyst Ltd n.a.
Switzerland Novartis (Sando?) 58 566(10 700)
Switzerland Lonza 2019
Non-EU Israel Biodalia n.a.
Mexico Fermic n.a.
India Augmene Bioscience n.a.

_______________________________________________________________________________________|
SourcelDEA Consult, based on company annual reports.

Notes:a= when thaelevant activities are executed by a given subsidiary, this subsidiary is listed in psestiehind the mother company;

b=total revenue2012

As can be seen iRkigure 4.8, the world enzyme market is dominated by a select number of companies
(Novozymes, Genencor, DSNY).amarket whereproduct innovation is veryimportant, their extensive R&D
capabilities allav these companieso stay at the forefrontHowever, a second import element in the enzyme
industry is the capability to produce enzyse a large scale (and hence, at a moderate cos$t)is is because,

as already touched upon above, the-ggaling of maufacturing processes in industrial biotech is far less
straightforward than in classical chemistry. Currently Novozymes, Genencor and DSM (and to a lesser extent also
AB Enzymes) distinguish themselves in large scale effective production of efizyitee many (smaller) firms

are good irthe discovery ohew enzymes with interesting properties, the step towards large scale matuufiag

is not easy to overcome. As a consequend®n thetechnologyof those smaller companiésacquired by larger
companiesvho then set right the large scale productiohthe enzymeEurope is wh placedin this regardand
should foster its capabilities in large scale enzyme produgctimee it gives an important competitive advantage

4.3.3.The Elposition in the value chain of lipase enzymes

Wi t h

Novozymes

(worl ds’ I

eading

enzyme

supplier)

application fields. In addition, Europe hosiggroup of smaller companies who tend to specialize in certain
applications There is considerable competition from US compaui@siingprimarily from Genencor. However,
this companyhas only a leading market position in detergent lipase enzymdasan, on the other hand, hosts

90 http://www.aumgene.com/cram.htm

91 Source: interviewees

104

an (


http://www.aumgene.com/cram.htm

two recognizedplayers that are strorg in emerging applications such as pharmaceutical and chemical
applications however, thdipase activities of these companids not have the scale of the large Rlayers.

Looking at more specific parts of the value chain, it was noted that a signhifbare of fermentation services

are provided within Europe, especially taking into account severdddsedd activities of Swiss headquartered
companies. No other major region emerges in this segment. With regard to the first step of the value chain,
micro-organisms selection and engineering, only a few companies were identified among which -tasdtlJ
company. This represents however a smaller segment.

The analysiswhich is largely expedriven, confirms that Europe is a key player in the global enzymaeket,
and that it holds a strong position in the subfield of lipase enzymes.
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4.4.VALUE CHAIN ANALYSISTHE ACCELEROMETER

4.4.1. Value chain decomposition

The accelerometer consists of two major functional units: a mechanical component that sensesdleeaion
(hereafter referred to as sensor), and an electric unit that receives and translates the signals coming from the
mechanical component. A common example of the operation of the accelerometer is the automatic screen
rotation of a smartphone. As thsmartphone is being moved by the user, a flexible mechanical component in
the sensor will move due to the acceleration force imposed on it. As it moves, it positianigifixed mechanical
structures changes, which causes the capacitéhigetween theflexible and fixed plates to change. This will
result in an electrical signal that will go to the electric unit of the accelerometer. This electric unit is often referred
to as an application specific integrated circuit (ASIC), as it is designed to ogilyerand translate signals from

the mechanical component, and not to perform a broad range of tasks. This particular ASIC will then send the
appropriate signals to the central microprocessor of the smartphone. The central processor receives the signals
from the ASIC, and sends out the signals to rotate the screen when appropriate.

In Figure4.11 the value chain of the accelerometer is shown schematicBlg. value chain covers two phases,
namely the design and manufacturing of the ASIC and the sensor. The manufacturing process can be divided in
four steps. The first step is the fabrication of tASIC and sensor on a large silicon substrate, called wafer. The
next step is to inspect for malfunctioning ASIC and sensors on this wafer, called wafer probing. The next step is
the integration of both components into one package, followed by a finaltetste created accelerometer. Each

step will be discussed in more detail in the following paragraphs.

|
Figure4.11: Value chain decomposition for the accelerometer
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Source IDEA Consult

Step 1: Design

The first step is the design of the mechanical sensor and the ASIC. This step is elementary as it will determine the
properties of the accelerometer. In the design phase a complete plan of the ASIC and sensor is drawn, detailing

all functional structures rad how they will be interconnected. For the ASIC, these plans will be translated to
‘“masks’ for the photolithography manufacturing step.
are required on the chip, allowing these structures toifa@rinted on the silicon substrate in the manufacturing

phase. For the mechanical sensor, the design phase also results in pictures detailing all the mechanical structures
for the manufacturing phase. At this stage the choice of the sensing mechanisetitoag piezoresistive, ...)

needs to be maddntegrated circuits have become increasingly complex over the yeatare subject to a large

number of rules, which is why automated design software is extensively used in the design process.

Step2: Process development

92 Capacitance refers to the extent to which an object (e.g. two parallel pleges$tore electrical charge. It is one of the common sensing
mechanisms of accelerometer; other common mechanisms are based on piezoresistive and piezoelectric effects.
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Following the design phase, the first initial production runs of the sensor can be exe&utmticted facile
manufacturing is an importardriterionin the development of the desigim orderto smooth the manufacturing
procedure aftewards. However again there may be feedbacks with the design phase, since the success of the
manufacturing stage is not fully predictable and some changes to the design may be needed. Also, in case there
are important novel features to the product or to tleanufacturing process, pilot and demonstratiomswill

be done before the transition to large scale manufacturing can be done.

Step3: Wafer fabrication

Subsequently the largecalemanufacturing phase takes place. The manufacturing process is ofteme to

as wafer fabrication, and is displayedrigure4.122 The ter m ‘ waf er refers to a t
material silicon, which serves as the substrate for chip manufacturing. The first step is the crystallization of silicon
and the slicing of the pure silicon material into wafers. Once the silicon substrate is ready, the actual
manufacturing can start. For the ASIC (and chips in general) this is called front end manufacturing. This part
encompasses the patterning of the main stru@sr(transistors, capacitors, resistors,) in the semiconductor
material. The key concept of the manufacturing process is photolithography (see s2atidfor more details).

A light beam will be sent over a mask that contains the desired pattern to the chip, changing the properties of
the material that has been lighted. Afterwards the material can be etched away chemically, and the desired
structures have been imprted in the material. A new layer of material can then be deposited on the surface,
and the process can be repeated many times. The desired, complex structures are built up layer by layer. Once
these structures are created, they will be interconnectedhwitetal wires in the back end manufacturing step,
which is often referred to as metallization (since the electric wires are made of metals such as copper). This is
done in a process of alternately depositing metal and insulating layers, and interconneetiablayers where
needed.

Figure4.12: Overview of the wafer fabrication step

Frontend Back end

Silicon wafer growth : :
manufacturing manufacturing

Silicon wafer growth Micromachining

Source IDEA Consult

The fabrication of the mechanical sensor is often also done with silicon, since this is a stable material that has
been well characterized due to its extensive use for electronic chips. It allows using thdewstbped
manufacturing techniques (such alqiolithography) from electronics, which gives a cost benefit. Therefore the
first step of the fabrication of the sensor is also the growth of a silicon substrate. The processing of silicon in the
context of mechanical sensors is referred to as micromabirHere the goal is to create very fine mechanical
structures, rather than an integrated electronic circuit, and a metallization step is absent.

Step 4 wafer probing

As discussed in sectigh?, the wafer forms a large area (diameter up to 0.3 meter) on which many individual
chips are processed. Once the fabrication step is com
inspected for qualityseeFigure4.13). This is needed because the fabrication step typically produces a small
percentage of nofunctional dies, and from a cost pointwéw it is best to detect them at an early stage (before

they are treated further). The inspection system will retain the position of all functional dies in its memory.
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Step 5 packaging of ASIC and sensor

The next step is the packaging of the sensor gnr@dASIC. The packaging serves to protect the components and

to pass the signal from the accelerometer to the central processor. The current industry standaintégjtate
the sensor and ASIC in one packaggeschematically shown Figure4.11. This isa so called Systefin-Package

(SiP). As was discussed in secfighthere has been an ongoing trend to integrate the sensing and the electronic

parts (‘' More than Moore’).

The main dri

vers

ar e

space and power requirements (the lattare particularly relevant for mobile application&jgure4.13 shows
the integration of both components in one packagéer the ASIC and sensonegbeen produced and inspected
on the wafer, they are brought together on a commsurbstrate.Next, theyare interconnectedwvith wires, and

encapsulated into a common package.

While currently the Systesam-Packageshown inFigure4.13is the industry normgevelopments towards further

integration of the two components arengoing,evolving to a true System on a Chip (SoC). This integration can

bett

happen by putting a MEMS wafer on top of an ASIC wafer (e.g. as done by the company Invensense) or by
building the mechanical sensor on top of the ASIC, which results in small, closelgtedesiccelerometers.

Figure4.13: Detailed overview of MEMS modules packaging
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Step 6 final test

Once the ASIC and sensor are successfully combined in a patti@agecelerometeris ready. However, the

functionality of bothelements anchence of the accelerometer needs to be verified, which is done in a final test

step (sedrigured.13).

4.4.2.EU activity along the value chain

As the analysis above illustrates, the value chain of the accelerometer consists of many steps. A company can

opt to cover the whole value chain itsetf; to focus on a specific number of steps. A company belonging to the
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first class is called an integrated device manufacturer (IDM), as it is responsible for the design, manufacturing
and selling of its own products. Howeyetherbusiness models are pabke as well.

A company can decide to focus on design, while leaving the aataalfacturing toanother firm. Such a
company is <called a *‘fabless’ company. A company f
commissioned by fables companies é&ferred to asa foundry®. Also intermediate forms can exist, e.g. a

company can manufacture part of its products and outsource the rest to a foundry, in which it is called a semi

IDM or semifabless company. In addition, a company can be active only idekign phase by providing design

services to other companies.

This illustrates that the value added from creating an accelerometer is divided among several companies, each
executing particular steps of the value chain. Therefore it is important to ngtlook at endproducers of this
product, but to look at all parts of the value chain when assessing the competiveness of Europe for this KETs
based product. In the following paragraphs the key players will be identified for each step in the value chain. We
will start with the endproducers of accelerometers (companies selling accelerometers). Subsequently
companies that are active in the first part of the value chain (design) will be discussed, followed by companies
active in the second part of the valueaih (manufacturing) and companies active in equipment supply for
manufacturing.

Accelerometer producers

An overview of accelerometepoducersis given inTable4.6. This table contains the most important players in
this area.In case of multinational companies, the country assigned to a company ledhgon of the mother
company It can be seen thabermanythe US and Japan are tkieee major countries coverinthe majority of
the market.

A first observation is that in Europe a small group of large companies is active, while in the US a larger group of
somewhat smaller companies are active. Japamnts three major players on the market, but two companies

are the result of recent acquisitions e.g. by Rohm Semiconductor has acquifeaseé® Kionix, while Murata

Electronics acquired Finladzhsed VTIAs discussed in sectigh2, the widespread use of accelerometers

originated in the automotive industry, which remains an important markeggodhlllarge companiementioned

in Table4.6 are strongly present in the automotive industand in this respect it has been advantageous for the

European companies to have a strong domestic automotive market (e.g. RabextdBh i s t he wor | d’
supplier of automotive components).

Gradually the interest of consumer electronics manufacturers in accelerometers (and other MEMS) has grown,

in their drive to give el ectr oni c techhicalrchakehges, suchrag ’ att
smaller chips, higher production volumes and extreme cost consciousness. STMicroelectronics was one of the

first sensor producers to recognize the large potential of the consumer electronics market and to develop large

scale poduction facilities for this market. This has brought the company a solid growth and a strong position in

this segmentAlso Robert Bosch has become a key player in the consumer electnosiks®*. The stength in

both automotive and consumer segmentseg also the opportunity to operate at a large scéllke technology

for both segments is fairly similar, although the requirements are differafijwing them toreduce costs. The

main competition in the accelerometer market comes fromhaSed compams. Analog Devices and Freescale

are two well established competitors, while Memsic and Invense are two young but promising, innovative

Bstrictl y speaking, the correct tfeundryactigties. fowever, herd thee yernf faundry &l he’ Ssinc
used to denote companies exclusively active in the manufacturing of sensors.
9 http://www.electroig.com/articles/stm/2012/03/topmemssuppliersnear1-billion-in-annuatsales.html
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companies which recorded strong growth rates over the past years. The large conglomerate Honeywell is an
exception in tle sense that it produces its own accelerometers for integration in its inertial navigation systems.

Figure4.14 shows the accelerometer market share per company in 2011. The success of STMicroelectronics and
Robert Bosch in both the automotive and the consumer electronics market makes them the test lplayers

in the accelerometer marketAdding up the market shares of Colibrys and Infineon, European companies
represent amnost half of the market in this segmenmaking Europe the leading play@iwo UScompanies
Freescale semiconductor and Analog ibes also capture a significant share of the market, albeit less than the

STMicroelectronics or Robert Bos@logether with companies representing smaller market shares, theoufe
second in terms of market shareBhe third player,Japanhas been ablea capture a considerable share of the
market with Denso and the acquisition of VTI and Kionix.

Table4.6 - Overview of accelerometer engiroducers

Region Country Company name TotaI_F_levenue 2011 Main Production
(million dollar) Sites
CH, CN, DE, ES||
Germany Robert Bosch 70 539 IT. UK, US
EU Netherlands STMicroelectronics 9735 CN, FR, IT
Germany Infineon 5479 DE, JP, SG, US
France Sagem (Colibry%) 16 438 (16) CH
us Freescalé&semiconductor 4572 FR, JP, MA, US
us Analog Devices 2993 IE, US
us Invensense 96 Outsourced
CN, DE, ES, IN,
us Honeywell 36 529 SG. US
NonEU us MEMSIC 68 us
us Endevco n.a. us
CZ, DE, IN, IT, Ji
Japan Denso 37 660 UK, US
Japan Murata Electronics (VH) 7 130 (76% Fl
Japan Rohm Semiconductor (Kiorix) 3187 (n.a.) us

SourcelDEA Consult. Company turnover and main production sites are based on corporate annuabrepodspany website information
Notes: a=in case the relevant activities are performed by a specific subsidiary, this subsidiary is listed in parentheses belsrehthe p
company. The main production sites ntiemed apply to this subsidiaryz=Main activities of this company are locatedfrance and lItaly
(the holdingis locatedn the Netherland} c=total revenue2012 d= total revenue 2010

Figure4.14: MEMS acelerometer market share, 2011
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- Total = §1.5B-
ColibrysEndevea— Tronics
S

SourceYole Dgeloppement (20123).
Note: Thisgraphe x cl udes accel erometers sold in combo’s with other sensors
as it sells only accelerometer in combo’ s.

Companies active in design

Companies specializing in desgypportto MEMS producers in the design phase, are often referred to as design
houses Figure4.15). Their task involves helping other companies wittle design and prototyping of a new
product, after which the design resulting from the joint efforts of the two parties can be commercialized by the
customer. These design houses can also help in identifying the right foundry for a given product.

_____________________________________________________________________________________________________________________________________________________|
Figure4.15: First part of theaccelerometervalue chain

DESign Manufacturing

SourceiDEA Consult

Tabled.7 provide a list of companies active as design house in MEMS. It should be noted that the importance of
accelerometer design in the activities of these companies varies in time and this iti@neanot disclosed by

these companies. Therefore the list applies to MEMS more generally. From the four identified actors, three are
USbased. Francbased Movea is a young, innovative company specialized in motion sensing, advising
companies in producdevelopment and prototyping, supported by novel software platfornibe segment of

design houses is a relatively small segment (much smaller than the foundry segment) since design is a core
competence of most accelerometer equoducers and therefore ¢én done to a large extent by these
companies themselves. Design houses however can contribute to deliver a faster time to market (which tend to
be quite long for MEMS in general), and by ensuring a good match of the design in early stage with conventional
manufacturing techniques. An example is the recent cooperation between AM Fitzgerald and Silex Microsystems.
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Table4.7 - Companies active in MEMS design

Region Country Company name Total Revenue (2011)
EU France Movea n.a.
us A.M. Fitzgerald n.a.
Non-EU us Nanoshift n.a.
us SVTC Technologies n.a.

_________________________________________________________________________________________|
SourceiDEA Consult, based on company annual reports.

Companies active in accelerometeanufacturing

Companies active in accelerometer manufacturing@mmpanies that execute manufacturing of accelerometer
products on behalf of a second parfigure4.16). Most of the large companies listedTiable4.6 (Robert Bosch,
STMicroelectronigsFreescale, Analog Deviges ar e | DM’ s, covering the whole
true for all accelermeter producers. The Usased company Invensense for example operates a fabless model
(all the manufacturing is outsourced) by operating a simplified and innovative manufacturing process. However,
outsourcing is not unique to small companies such as Irereses but also companies like Analog Devices opt to
outsource part of its MEMS manufacturfigf. The main rationale behind the outsourcing is cost reduction. The
manufacturing equipment for integrated circuits is capital intensive and-costpetitive prodiction can only
happen if done on a large scale. A high volume and quick turnaround consumer segment can often be better
served by dedicated largscale foundries. An exception is the automotive market, where strict compliance
requirements are in place arltence production is best kept interndllyAnother reason to use foundry services

is the expertise these companies have gathered insiiecessfulipscaling of production to large voluméstep

2 of the value chain, sdéigure4.11), which is particularly useful for younger and smaller companies.

Figure4.16: Second part of the accelerometer value chain

Manufacturing

SourcelDEA Consult

Table 4.8 lists the most important foundries active in acceleromet@anufacturing This list consists of
companies who execute manufacturingaafcelerometeproducts on behalf of a second partyshould be noted

that, while the companies listed ifiable4.8 are known to have accelerometer production capabilitithee
importance of accelerometer production in their total activities can be timgying and is not disclosed by these
companies.The lasttolumn indicates whether the foundry produces only MEMS products, or whether it is also
active in the regular eleabnics markets (memory, microprocessors). The latter category of firms is referred to
as silicon foundries. Typically MEMSlusive companies are able to process both the mechanical sensor and
the ASIC (and hence the complete accelerometer), while sifmamdries sometimes only have the capabilities

to process the ASIC (the electronic pafften these foundries (MEM&xclusive but also neGMEMS exclusive)
develop their own technological (manufacturing) competences and hold a number of patentshmusa

95 http://www.memsindustrygroup.org/ida/headlines/headlinedetails.cfm?id=551
96
I n

therefore be interpreted as companies having a substantial part but not necessarily all of the production done in house.
97 http://www.memsindustrygroup.org/i4a/headlines/headlinedetails.cfm?id=551
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developed manufacturing technology. MEMS foundries also tend to offer a number of services aimed at
facilitating the translation of design in a successful product, going ftodesign to custom specifigrocess
development and packaging and testing.

In Europe there is considerable foundry activity, distributed over four countries. Silex Microsystems has recorded
a strong growth in the field of MEMS and has become a strong player thanks tchtaise developed
manufacturing technology which allows otomitegration of the ASIC and senslblis an example of company
demonstratngthat technological competencies can be a differentiator in the foundry busihmseverthe EU
foundry companies are relatively small and given that only a part of thegmees stem from accelerometer
productior?, their economic weight compared to largecelerometer producersuch as STMicroelectronics and
Robert Bosch igther small.

Outside the EU, it can be observed that US companies are somewhat less presenfanritiey segment
compared to the engproduct market. Global Foundries is a leading silicon foundry, but in MEMSuitémntlya

small player as it has only recently started its activities in this field (including accelerometers), attracted by the
good maket prospects. The company Teledyne is in the list thanks to its Cdmemea subsidiary Dalsa
Semiconductor, which has recordgubsitive growth figures over thepast years. IMT is a relatively small
company, which is focused on MEMS foundry servicesissamdestablisheglayer in this field. It is also observed

that Taiwanese companies emerge strongly in the foundry list compared to the list of accelerometer producers.
The less prominent presence of US companies and the strong emergence of Taiwanesaiesrmight be
interrelated, as a number of US companies employ Taiwanese foundries for their manufacturing. For example,
Invensense operates as a full fabless company, with all the manufacturing done by TSMC. In addition, Analog
Devices also outsourcelkd manufacturing of the electronic component (ASIC) of its accelerometer to TSMC.

The Taiwanse foundry giants TSMC and UM two examples of the successful development of the
semiconductor industry in Taiwan, and in particular of the foundry segment. These firms are silicon foundries
that gain the large majority of their sales in the regular semiconductor segments, but@easingly used by

other companies to produce the ASICs component of MEMS, as these large foundries are able to produce very
cheaply and in large volume. In addition, the positive gropritspects of the MEMS segment haviggered the
attention of thesecompanies, and both have been active in developing skills needed for mechanical sensor
production in recent years. Also other silicon foundries are now entering or planning to enter the MEMS segment.
The Germarypased company Xfab has invested strongIMIEMS production capacities in recent years and has
recorded positive growth figures in this segment.cas be seen iTable4.8 there are quite some&ompanies

that are not exclusively focused on MEMS, and the competition from these companies is expected to grow over
the coming year¥.

% For example the MEMS business revenueXfab realized a revenue of about 12 millieuro in 2010, which is to be divided among
accelerometers, gyroscopes, pressure sensorSpurce http://www.fabtech.org/news/_a/x
fab_targeting_increased_revenueofn_mems_foundry_services/ and http://www.xfab.com/en/memsO/mewmgplications/

99 Article available at http://www.eetimes.com/electroniggws/4372141/MEMSoundry-ranking

Article available at http://www.eetimes.com/electroniesews/4397325/XFabpledgesmore-money-for-makingMEMS
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Table4.8 - List of foundries active in accelerometer production

Total Revenue
Region Country Company name 2011 MEMS only
(million dollar)

Sweden Silex Microsystems 47 Yes
EU France Tronics 15.2 Yes
Germany Xfab n.a. No

UK Semefab n.a. No

Norway Sensonor 7.5 Yes

Israel TowerJazz 611 No

us GlobalFoundries 3480 No

US Teleglyne (Dalsa 1941(212) No

Semiconductop)

us IMT 24 Yes

Nor-EU Canada Mi.cralyn_e_ 15 Yes
Taiwan AS|a Pacific n.a. Yes

Microsystems

Taiwan TSMC 12 914 No

Taiwan UmMC 3 855 No

Malaysia MEMSTech n.a. Yes

UT- SPRSilicon n.a.
i Sensing Systents) Yes

________________________________________________________________________________________________|
SourceiDEA Consylbased on company annual reports

Note: a=when the relevant activities are executed by a given subsidiary, this subsidiary is listed itnesesritehind the mother company;
b=total revenue2012 c=jointly owned byUnited Technologie@JS) and Sumitomo Precision Products (JP)

As mentioned previously, the main driver behind the use of foundry services is to reduce the cost of production.
The production infrastructure costs are also quite high, which require production on a large scale. This implies
that in the traditional electonics segment as well as the MEMS segments, a significant share of the revenue

generated

by foundries

and

s emi

conductor

TabBvl9 providds annoserviewo of taalfiteerp me nt
largest equipment suppliers to the semiconductor industry as a whole in 20kh.ASML, the leading supplier
of lithography equipment, Europe housesthew | d’ s | ar gest

equi p

from ASML only one other European company is present in the list, ASM International, also based in the
Netherland4®. Companies in the US and Japan are well presented in the top 15.

100t should be emphasized here that although The Netherlands is known to be attractive for corporate headquarters, the tamiesmp

involved eféctively alsdhave much of their activitieid The Netherlands.
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Tabk 4.9 - Top 15 semiconductor industry equipment suppliers, 2011

Rank 2011 Country Company name Togs:ilﬁ;\:%rglj;g()ll
1 Netherlands ASML 7,877.1
2 us Applied Materials 7,437.8
3 Japan TokyoElectron 6,203.3
4 us KLA Tencor 3,106.6
5 us Lam Research 2,804.1
6 Japan Dainippon Screen 2,104.9
7 Japan Nikon 1,645.5
8 Japan Advantest 1,446.7
9 Netherlands ASM International 1,443.0
10 us Novellus Systems 1,318.7
11 Japan Hitachi HighTech 1,138.7
12 us Teradyne 1,106.2
13 us Varian Semiconductor 1096.3
14 Japan Hitachi Kobusai Electronic 838.4
15 us Kulicke & Soffa 780.9

|
SourceVLSI Research (2012)

With regard to the future, an important competitive threat lies in the liowestmentghat havebeen done over

the past decade in Europe in semiconductor production capacity. European companies have followed a strategy
of prolonging the life of 150mm and 200mm fabs (see se@idm2for more details on the evolution of wafer
sizes in the semiconductor industry) by using them for MEMS prodd€tidnvestments in 300mm fabs have
been low compared to the US and Asia. Europe today has only a vesdlimérket share in the mainstream
semiconductor segments (microcontrollers, memagic.) where production in most cases is done on 300 mm
wafers and with advanced technology. On the other hand, MEMS production can be competitively done without
the latesttechnology (in terms of miniaturization of the structures on a chip) and on 150mm or 200mm wafer
fabs, of which there is sufficient installed capacity in Europe. However, with the ongoing depreciatiis of t
older 150mm and 200mm fak8 and the expected mee of the mainstream semiconductor industry to 450 mm
technology, it is expected that withinB) years MEMS production will take place on 300mm wafer fabs. Given
that thereis currently few of such production technology installed in Europe, there ikahé& manufacturing

of MEMS (and the associated value added and employment) will move more and more out of Eusopéhe
increasing dependence on foreign countries for an enabling technology such asanidnsanoelectronics may

at some point also ge rise to strategic concerHs.

The problem of low investment in production capacity in Europe has led to a study commissioned by the
European commission published in 26%2This study suggesthat Europe needs to take advantage of the shift

to 450mm production technology, most likely the last major shift in the semiconductor industry in terms of wafer
size, to catch up again with investments in production capacity. Indeed, it should be id@@c¢ount that once

the new 450mm technology is installed (which should be expected within about 5 years), significant spare
300mm capacity will become available in other regions of the world, and it will not make economic sense for the

101 source: interviewee

102 |n 2011 about 50 fabs have been closed in the EU, mostly of the 150mmSgpece: http://www.newelectronics.co.uk/electronics
technology/could4d50mmmanufacturinggive-the-europeansemiconductofindustry-a-new-leaseof-life/40899/

103 Source: interviewee

104 SMART 2010/062: Benefits and Measures to Set Up 450mm Semiconductor Prototyptogkaegh Semiconductor Manufacturing in
Europe- The role of Public Authorities and Programmes
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EU to invest masegely in 300mm capacit{®. In the study one ofte pr oposed s c e4d@Gmmi o
capacity initially to safeguard the current strong position in More than Moore (including MEMS and the
accelerometer), to expand the scope later on to more advanemthriology for More Moore (maitream
semiconductor) production. Thavestment costs will be so large that they need to be spread out over several
years,which calls foa rapid engagemerft.

S

4.4.3. The EU position in the value chain of the accelerometer

The analysis indicates that EU companies have a solid position in theprexdicers segment of the
accelerometemarket The EU is represented by a relatively small group of large companies that have a strong
base in the automotive market. These companies hals® been able to grasp significant shares of the fast
growing consumer market. The strongest competition in the -prmtucers segment comes from H&sed
companies thatonsist of a mixture of well established companies and some young, fast growingtiveov
companies. In the smaller design segment, only a few companies have been identified, all of them located in the
EU and US.

In the foundry segment the EU is also well represented, with four companies active in four different countries.
Here the main eampetition is stemming fromdS,Canada and Taiwan, where regular silicon foundries as well as
MEMS foundries are increasingly used by (US)moducers.

In summary, EU companies are showing a solid performance in the value chain of the acceleromepeartur
companies dominate the accelerometer eadgment, representing almost half of the total market. Apart from

the two large IDMs STMicroelectronics and Robert Bosch, also companies with smaller accelerometer revenues
in both the end producer and foundsegment are presentn the foundry segment the EUvll represented

with four companies active in four different countries. Here the main competition is stemming from US, Canada
and Taiwan, where regular silicon foundries as well as MEMS foundrieaaieasingly used by (US) end
producers.In the multibillion semiconductorequipment supplier segment, the EU houses the number one
company ASML, but overall speaking this segment is dominated by US and Japanese companies, iHowever
should be noted thathis segment is not specific to the accelerometer or even MEMS.

The EU companies show a good performance thanks to a strong background in the automotive industry, good
R&D competences and particularly in the case of the two large IDMs also a rapid andérgtof the possibities

of new markes and the advantage of large scale productibtowever, with regard to the futuran important
competitive threatexists as investments in new (300mm wafer) production capacityetigeen low in Europe

over the past years compared to the US and ASiarently this is not problematic for MEMS (accelerometer)
production, since the production wafer scaed technologyfor MEMS typically lies behirthose used in the
mainstream semiconactor industry Yet with the depreciation ofL150mm and 200mm wafer capacity and the
transition of mainstream semiconductor industry to 450mmwafer types, manufacturing of MEMS
(accelerometers) will occur on 300mm in the not so far futurel@Syears).Therefore there is a risk that
manufacturing of these products will move to other regions, primarily Asia, where a lot of spare 300mm capacity
will become free once the trasition to 450mm wafer technology is done and where the major foundries have
shownintentionsin recent years to develop their activities in MENFSundriedn Asia are already substantially
used by the US companies in the @lecometer segmentFor Europe it seems that the transition to 450mm
should be taken as an opportunity to restoreethalance in production capacignd to safeguard its leading
position inaccelerometers but also MEMS as a whole.

Also in the case of the accelerometer, it has not been possible to calculate the value added captured by European
firms in the value chainfathe accelerometerForthe accelerometer producerfiowever, a market reports
providesinformation available othe market shareof each company, which provides insight in how the different

15SMART 2010/062 study, and endorsed by an interviewee
106 Source: interviewee
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regions are performing in the accelerometer markedr companiefocusing on specific parts of the value chain,
information on the relevance dhe accelerometeiin their activities is typically more difficult to find since these
activities are ‘further away' présentimthistchagterend product, a
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4.5. CONCUSION

On the basis of the analysistbk value chainof two selectedKETsased productsnamely lipase enzymes and

the accelerometer, a qualitative assessment has been made of the strength of Europe in these two selected value
chainsand in particular segments of these value chaifbe value chain decomposition allows identifying
relevant players in the different phases of the value chain. Hence, based upon the location of these players, an
assessment can be made on the im@orte of European companies in these KETs areas by looking at their
activities and financial performance.

At the same time it is fair to say that the results need to be interpreted with care, as a lot of essential information
is treated confidentially (beaise of competition reasons) and is thus not publicly available. As a result, precise
figures on the valuadded captured by EU firnt®uld not be derived as the importance of the investigated KETs
products in the overall portfolio of the companies consitd is simply not known.

In generalEurope holds a strong positiontiwo very promising KEBased products. It is a key playetle area

of lipase enzymes and the global enzyme marketope alsdas a solid position in the efgroducers segment

of the accelerometer as some European companies grasp a significant share of the automotive and consumer
market, two markets where accelerometers are appli€@bmpetition is nevertheless strong, especially in the
foundry segment Future developments in the sgeconductor production capacity may influence (and even
threaten) this success on the longer run.
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5.1.INTRODUCTION

Objective

This chaptefocuses on thenalyss of the position ofEurope in the production and trade of products that are
directly related to one of the six KETs. The main purpose is to identify the position that Europe holds in global
value chains within each KET as compared to the main competitor regions, North AmedicEast Asia. The
analysis investigates whether Europe focuses on products that are more techndiogidtehnced andon
products that are characterised by quality competition (rather than price competition). In contrast to the
previous chapter, tis analysis is not based on case studies but rather attempts to draw a representative picture
by employing countryfevel data for Europe, North America and East ABiathermore, profiles for selected
European countri¢§’ are provided

Eur ope’ s ppradiction and traderof KETsés evaluated by three approaches,
(1) the technology content of the manufactured goo@hapter 5.3)
)t he type of compet i t-related preduatsdapgehapderedk port s i n KET

(3) the link between thecreation of new technological knowledge and the technology content of
manufactured good¢chapter 5.5).

For this purpose, export and import unit values are calculated to identify-B&SEsl products for which the EU

28 shows improving or deteriorating competitivess over time (see boxs bel ow) . Bef ore that

position in international trade is explored in the identified subfields of Ki&aEed products (chapter 5.2).

It is important to note that the analysis in this chapter is based on data for in@iVKIET products, i.e. products

that represent certain technological artefadfsat are directly related to a KET (e.g. a certain new material, a
photonics element, a semiconductor, a biochemical entity or a machine tool), bdibn&tETdased products

that use KETs as an input for more complex goods (such as batteries, measuring instruments, medical devices,
information and communication devices). The noti on
refers to the dvision of labour within the production of KET products.

Trade Indicators

International trade is a useful performance indicator ashibwswhether technology produced iane country

can be commercialised in other countries as well. Export success obledlyris often regarded as a higher level

of performance compared to domestic sales since exporters have to overcome certain liabilities of foreignness,
such as a lack of reputation, higher transaction costs and costs to adjust technology to specific loca
requirements. New technology that is successfully commercialised on international markets may thus contain a
particular innovative superiority or a price advantage which both can contribute to overcoming the barriers of
entering foreign markets. Howeventernational trade is also affected by factors other than price and quality of
products, such as exchange rates, tariff and-temiff barriers to trade €.g.regulations that discriminatagainst
foreignproducts relative talomestic products), transporosts and the macroeconomic environment.

107 Germany, France, United Kingdom, ltaly, Belgium, Netherlands, Austria, DeSwaden, Poland, Czech Republic, Hungary.
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Three trade indicators are applied here

1 Significanceonl y r el ates to export activities and measures
over the country’s total eXEortis dmd demgioautns rtyo w iem|

1 Two further trade indicatorstrade balanceandspecialisation-relate exportso imports. Thetrade balance
identifieswhether a country is a net exporter or importef a certain KETt links the difference bsveen
exports and imports to the total trade volume (exports plus imports). A positive value shows that the country
exports more than it imports within a certain KET area which indicates some form of competitive advantage.

1 Specialisationis measured by atandard indicator in trade analysis, the-called revealed comparative
advantage. This indicator relates the ratio of exports to imports in a certain country to the same ratio for all
countries considered. If this rate is higher than average in a cec@imtry, it shows that the country is
capable of yielding higher exports than imports compared to other countries for the respective KET (even in
case imports exceed exports). If a country is able to export more than it impomnspared to a peer group
of countries then this country is likely to have a comparative advantage and is specialised in the export of
this KET.

Unit value approach toidentify EWd y Qa L2 aAdA2y Ay 3Jf206Ff @ fdzS OKIAYya

A standard way to anal yse claincwouldbe to pokat inpiautput dataand i n gl o
evaluate the composition of a country’s products with
to end products. This approach is not feasible for KETs, however, siheaaugh detailednput-output data

are availablé® An alternative way is to employ trade dat® first, they offer a very detailed breakdowsf

individual products which can be directly linked to KETs. Secondly, the problem of missing data due to
confidentiality is much lessevere than for production data. Thirdly, trade data contain information on both

prices and quantities which enables the construction of indicators on product competition and technology
content. Fourthly, trade data can be used as proxies for the straatfl production in a country in the absence

of reliable actual production data. For open economies, export data are typically quite representatthe for

total production of products that are subject to intiadustrial trade. Since each country withim andustry

specialisesn certain products and tries to exploit economies of scale, a large share of manufacturing output is
exported. This is particularly true for kEelated products which are traded globally. Many K&&ted products

are inputsfor other products manufactured in other countries, resulting in a high share of internationally traded
KETrelated products.

In this report,two trade indicatorsare usedunit values and trade balancenit valuesdenote the value of one

unit of a product, egressed in currency units per weight/hile unit values generally depend on demand and

prices, ahigher unit value typically indicates that a product contains a higher amount of value adedery

similar products, higher unit values can thus be assoeéad wi t h a higher *‘technol og
knowledge input or the use of more advanced manufacturing methods resulting in a higher product quality (in

terms of innovativeness, technological sophisticatid@sign, advertisingr added value servis)!'° Changes in

unit values over time may reflect changes in quality as well as shifts to higher product segments or other value
enhancing features. Differences in unit values across countries and over time can be interpreted as differences

in ‘tecbnbokogy and can represent diff er eHowevepaniti ti ons

1081n a feasibility study for a KETs Observatory (van de Velde et al., 24§, @des of product classifications were used to define KETs
related products while inpubutput data typically provide informationnty at the 2digit level.

109]nitially, it was also planned to use production data from the Prodcom database of Eurostat and similar database&tbcoantries. It
turned out, however, that production data are by faotmmcomplete toallow any meaninfyl analysis at a detailed {@git) level of product
codes.

110 gee, for instance, Aiginger (2000).
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values for homogenous products may differ if one producer is able to enforce a higher price than other
producers, e.g. due to market power. dn internationd comparison, exchange rates may also alter unit values
for homogenous products. This is particularly true if exchange rates are not resulting from market transactions
but are determined by governments. For example, if a currency is undervaluadvigshe US$ or the Euro,

unit values expressed in k$Sor Euro will be underestimated, too.

Thetrade balancegives the difference between exports and imports and can be expressed either in values
(currency units) or quantities (weights). For homogenous potgiurade balance in quantities tends to represent

the competitive advantage or a country’s producers b
countries than producers from these countries can seltheir home market.

Based on unit vaks and trade balance, two sets of indicators are produced Fgpare5.1 for an illustration of
the approach):

a) Export unit values as indicatorsf technology content Export unit values are used to determine the
technology contentof KEMe | at ed product s. Based on the assumptio
product represent a country’'s t ot apresgntthedveragevalmen of t h
of a product manufactured in this country. The assumption is somewhat unreattstiegh, since many
studies have shown that exports tend to contain more innovative products than the average output of a
certain product since iis the more innovative firms that engage in exports (see Wakelin, 1998; Bleaney and
Wakelin, 2002; Beise and Rammer, 2006; Wagner, 1996; Ebling and Janz, 1999; Roper and Love, 2002;
Lefebvre et al., 1998). For this study, the bias of exports towards itimevproducts can be seen as an
advantagebecausehis means to focus the analysis on the more innovative products within each KET.

A country’s (or region’s) export unit value of a ce
product in dobal trade. A value greater than 1 indicates that the country (region) manufactures (and exports)
products of a higher value per unite. products with a higher technology content. Comparing export unit

values over time informs about the dynamics inhltrology content, i.e. whether a country (region) moves

away from the average unit value or convergest. Combining both dimensionkevel and dynamics of unit

values stretches a four field matrix. For each KElted product, a country (region) can pesitioned in the

following way:

(1) high andincreasing technology content
(2) high butdecreasing technology content
(3) low butincreasing technology content

(4) low and decreasing technology content

b) Export/import unit values and trade balance as indicatap§the type of competition Aiginger (1997, 2000)
proposed a method to classify products according to quality and price competition based on the relation of a
country’'s (regi otoimport urgt ¥xapjuesron thewoneihand,amhlau e unt ry’' s (reg
trade balance on the othenand Products for which higher (lower) price®. export unit values are higher
(lower) than import unit valuesare associated with a negative (positivegde balance are price elastic, i.e.
price competition dominates. Products for which higher (lower) prices result in a positive (negative) trade
balance are price inelastic, i.e. quality competition dominates. Combining the relation of export to import
unit values with the trade balance stretches a four field matrix in which a country (region) can be positioned
for each KETelated product:

(1) Quality competition with a quality advantage is the case when export unit values exceed import unit
values and he trade balance is positive (i.e. a country can export more of a certain product than it

imports despite higher prices)
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(2) Quality competition without quality advantage exists in case export unit values are lower than import
values, but the trade balaecis negative (i.e. a country imports more than it exports despite lower
prices, indicating that quality is the main driver for trade)

(3) Price competition with a price advantagecursif a country shows lower export than import unit values
and can traglate lower prices into a positive trade balance

(4) Price competition without a price advantage emerges in case of higher export than import unit values
along with a negative trade balance.

|
Figure5.1:a S K2 R2f 238 G2 Iyl fe&asS 9dzNP LIS Qa-rddedpiodukt2 y Ay LINER
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w ... world (total trade) i . KETrelated product

t .. time
Source NIW/ZEW, partially based on Aiginger (1997)

When analysing unit values, it is essential to use a highly disaggregated product level which represkrts

as homogenous as possible. Unit values for a group of different products (e.g. for an entire KET) represent
aggregate prices of very different individual products. For aggregated unit values country differences, differences
between export and impa unit values, and changes over time most likely signify alterations in the product
composition of the aggregate rather than changes in the technology content and prices. A similar issue arises if
the product level considered includes products at diffdrstages of the value chain. In such a case, more basic
products that rest on only a few inputs will show lower unit values than more complex products that combine
different intermediaries.

The technology content TC and competitive advantage CA of a gofragion) i in a certain KET k is examined
by determining the position p in the quadrants showrFigure5.1 (p i {1,2,3,4}) of each individual product j
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bel onging to KET area k weighted by the product’s shce

country (region) i:
TGik=Sj Xijw.p/ Sip Xik.p

CAik=S Xjw.p! SipXiw.p

TG and CAhence indicate the share of products within a certain KET area that fall into one of the four positions
p.

The link between technology production and the technology content of products is investigated using regression
analyses. The level of exparhit values for eaclproduct j belonging to a KETitk country i in period t are
explained by the country’'s patent intensity in the r
KET K) in a preceding period.tCountryspecific variablesuch as size (gross domestic produGDP) and labour

productivity (GDP per capita) control for effects of market size and the sophistication of the production system

while time dummies are used to capture changes in prices over time:

IN(UVijt.0=a +b1 IN(PINT)s.en + b2 IN(GDP) + bs IN(PROD) + St ¢t di +&  with s,ji k

Patent intensity (PINT) is measured by the number of patent applications per population and indicates to what
extent a country produces new technological knowledge in a certain subfield of KETs when controlling for country
size. In order to better captuneon-linear relations, all variables are measured in logarithms.

Data

The analysis is performed for individuaEKelated products defined as-@igit classes of the product
classification system used in trade statistics, the HS (harmonised system).eintordlentify KE¥elated

products, a conversion table produced in the context of afeasibllitysly f or a * Ké&HdsesVeldedb ser vat
et al., 2013) isised. This table links Prodcdrdigit codes to KETs. The feasibility study proposed a longf list

Prodcom codesincluding a number of products that are only partially related to KETs. In this report, a more

narrow definition is applied that only uses products for which a proper link between an HS code and the
respective KET activity can be estdblesd . This ‘short i st’ of codes is ¢
Prodcom codes and the HS codes. The short listestablishedusing information from the feasibility study,

including results from expert workshops.

Export and import data needed to Icalate unit values and trade balance are taken from the UN Comtrade
database. All export and import values are expressed #.08e analysis covers the period from 2002 to 2011.
Data for 2007 to 2011 rest on the HS 2007 classification while data f@ tB0B006 are based on HS 2002. A
conversion table is used to link the two classifications. To balance unit value fluctuations between single years
the analysis focuses on the development between two-paliods 2002 to 2006 and 2007 to 201Box5-1
provides some additional information on measurement issues related to unit values.

To classify products by technology content, changes in ualties between 2062006 and 2002011 are
calculated. It is important to note that exchange rates between Euro ar#l sighificantly changed between the
two periods. While the average Euro to - ®xchange rate was 0.87 during 260206, it fel to 0.72during
20072011. As a consequence, unit values expressed- s kg tend to increase stronger for products traded
in Euro than for products traded in (S There might be an overestimation of changes in unit values for countries
predominantly tradingn Eurocompared tocountries mostly trading in U&
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Box5-1: Unit values: measurement issu&s

The unit value is defined dise nominal value of a traded product divided by the physical volume that has been
traded. In this study, Comtrade data are used to calculate unit values. Unit values are measur&ipari§.

US$ data in Comtrade are derived by converting other currencies t& U8sed on the exchange rast the

time the trade was carried out. The ivalue in general depends on demand and prices but specifically reflects
changes in quality as well as shifts to higher product segments and to other value enhancing features (level of
technology or innovation, design, service etc.). Therefore, unitegadue often applied as indicators to measure
quality or vertical product differentiation. Unit value analysis is predominantly meaningful at the most
disaggregated product level (here: HS 206did@t) since unit values for a group of products (e.g. foreatire

KET) represent aggregate prices and quantities of very different individual products. For some products,
however, value or (more often) net weight information is missing or implausible for some countries. After
carefully testing basic data, imputen methods were used for missing or implausible data to cortleetatter.

Unit values may also depend on the capital intensity of production. Industries that intensively use physical capital
in largescale production (e.g. basic chemicals) o&hibit rather low unit values. Thus, unit values for industrial
biotechnology, nanotechnology and advanced materials rank much lower than those for - naiccb
nanoelectronics, photonics and AMT for other KETs, where the use of research and/or skilledisalnore
decisive.

To clarify the influence of exchange rates changes on unit values, the latter were additionally calculated,
weighted by purchasing power parity (RBP The results show partly differing levels (particularly higher for East
Asia), butidentical trends, developments and relations between the three regions (c.f. appendix tables 8.3 and
8.4). Thus, it can be expected that changes in exchange rates will not significantly influence the classification of
KETsased products by technology cemit.

The main analysis is conducted for the following three regions:

1 EU28(EU member stateimcluding Croatin
1 North America (USA and Canada)
1 East Asia (Japan, South Korea and Chta)

Thesethree regionsform the triad andc onst i t ut e ‘ tcuadtirgltechhotogycdcentent indicatorsc a |
Furthermore, country profiles are presented for 12 EU member states: Germany, France, United Kingdom, Italy,
Belgium, Netherlands, Austria, Sweden, Denmark, Poland, Czech Republic and Hungary.

39 countries enter the malysisconcerningthe link between thecreation of new technological knowledge and

the technology content of manufactured goqdscluding allEU28 countries, Iceland, Norway, Switzerland,
Macedonia, the USA, Canada, Japan, South Korea, China, Rudsiaelidata on patents are taken from the
Patstat database provided by the European Patent Office. For more details on data source and definitions, see
Chapter 21.

5.2. TRADE PERFORMANCRALANCE

In 2011 the export volume of KEdlated products accounted for approximately 700 bn-uslar (about 500

bn. EUR) in total for the triad. With respect to the export volume of manufactured industrial goods this makes

up a total share of percent Advance materials constitute by far the highest export volume (280 brDdar

or 200 bn. EUR) accounting for 4@rcent of total triad exports of KEfelated products. Micre and
nanoelectronics rank second with 170 bn.-D&8lar (125 bn. EUR) and a share2&fpercent followed by

photonics with 150 bn. UBollar (105 bn. EUR) and a stake ofp2@cent ‘AMT for other KETs'’
percent of all KEfelated exports (55 bn. U% or 40 bn. EUR)ndustrial biotechnology constituteless than

17 bn. USDollar (12 bn. EUR) with a stake of p&rcent The triad export of nanotechnology products achieve

11 Eor a detailedliscussionseeAiginger 1997,2000).
112|n contrast to the patent analysis in Chapter 2.2, Taiwan had to be excluded from the tradmdbtsis sinceaitrade data forhave been
published for Taiwaim Comtrade.
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13 bn. UDollar (less than 10 bn. EUR), thascounting for less than @ercentof total KEIrelated products
exports.

_____________________________________________________________________________________________________________________________________________________|
Table5.1 ¢ Share of exports in KEfElated products in total exports of manufacturing products 20@®211, by

main regions
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
EU28
Industrial Biotechnology 0.18 0.18 018 0.17 0.14 015 0.415 0.19 0.19 0.18
Nanotechnology 0.13 0.13 012 0.12 0.12 013 013 0.13 014 0.4
Micro- and Nanoelectronics 153 132 139 126 108 092 0.76 065 0.71 0.64
Photonics 023 024 024 027 030 034 043 046 059 052
Advanced Materials 228 233 238 248 247 254 250 247 267 270
AMT for other KETs 042 042 042 043 045 051 051 055 050 0.52
All KETs 476 4.63 473 473 456 459 447 446 479 4.68
North America
Industrial Biotechnology 0.13 0.15 014 0.13 0.14 0412 0.13 0.16 0.15 0.14
Nanotechnology 0.11 0.11 0410 0.0 0.10 041 0.1 0.13 0.17 0.18
Micro- and Nanoelectronics 454 485 437 393 376 308 289 285 283 237
Photonics 053 051 058 058 055 055 061 078 0.77 0.68
Advanced Materials 254 262 269 279 285 297 297 3.07 329 3.26
AMT for other KETs 047 045 049 047 046 045 052 058 060 0.54
All KETs 832 869 837 800 7.86 7.27 7.23 757 781 7.16
East Asia

Industrial Biotechnology 0.13 0.12 0.2 0.12 0.2 0.11 0.1 0.13 0.13 0.14
Nanotechnology 0.07 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.09
Micro- and Nanoelectronics 428 432 433 412 397 376 310 349 362 3.20
Photonics 086 1.20 157 2.03 225 257 283 322 381 349
Advanced Materials 229 224 230 235 237 249 262 234 256 272
AMT for other KETs 035 036 037 036 035 051 063 060 068 0.67
All KETs 798 831 875 9.04 912 951 936 9.85 10.88 10.29

Source COMTRADE Database. NIW calculations.

In East Asia, the significance of KETs is especially high fomataifacturing exports. KETs hold a stake of
1.3percent, mostly attributable to photonics (3g&rcent) and micrgnanoelectronics (3.2 percent). Concerning

North America, KETs account for more thgmercent of total manufacturing in this region; regardithe E\W28,

this is less than percent (Table 8). The lower significance of KETe | at ed trade i n North Anm
EU28 compared to East Asia is mainly attributed to the small amount of exports in the fields of micro
/nanoelectronics and phamics. In contrast, the export shares in industrial biotechnology, nanotechnology,
advanced materials and AMT for other KETs are not very different between the three regions. Advanced
materials and nanotechnology are comparably relevant for North Ameridastrial biotechnology for the EU

28.

Regarding East Asia, KETs have gained significant shares in the export portfolio over the time period from 2002

to 2011 due to comparably small losses in miranoelectronics but large growth in photonics, Advadce

Materials and AMT for other KETs. In theZB.the contribution of all KETS to total manufacturing exports hardly

changed over time (2002011)Diminishing shares of micfimanoelectronics have been compensated by rising

shares of photonics, advanced reat i al s and AMT for other KETs. Al t hou
generally show the same structural development as those in th&&hd in East Asia, the relative export gains

in other KETs were not sufficient to equalize the losses in piiEnaoelectronics.

Compared to the E28 average, KETs play a specific role in manufacturing exports in Belgium (with particular
strengths in advanced materials and industrial biotechnology), Germany (photonieslesaldistinctive AMT

for other KETs, advaed materials, and micrtnanoelectronics), the Netherlands (mainly advanced materials,
moreover nanotechnology and micfoanoelectronics), and France (miefmanoelectronics). Referring to all
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KETs, all other selected £0untries stay behind the EU 28exage. However, each of them exhibits relatively
high export shares in at least one KET (Takg 5

United Kingdom and Denmark: industrial biotechnology
Italy: advanced materials and AMT for other KETs
Austria: AMT for other KETs

Sweden: micreand nanoelectronics

Poland: nanotechnology

Czech Republic: micfoanoelectronics

Hungary: nanotechnology, photonics.

=A =8 =4 -4 -4 -4 -4

KETs have gained increases within the export portfolio of nearly every considexmliBldy with the exception
of the Netherlands (stagnatirghares in total manufacturing exports) and the United Kingdom (decreasing shares
due to large losses in mic¥oanoelectronics).

Table5.2 ¢ Share of exports in KErElated products in total exports of manwafcturing products 2002011, by
selected Ektountries

2002 2005 2008 2011| 2002 2005 2008 2011| 2002 2005 2008 2011

Germany Austria France
Industrial Biotechnology 0.112 0.10 0.09 0.10f 0.10 0.10 0.07 0.07| 0.12 0.13 0.08 0.10
Nanotechnology 0.14 0.13 0.13 0.14| 0.06 0.07 0.08 0.07f 0.08 0.10 0.11 0.09
Micro- and Nanoelectronic{ 1.50 1.37 0.94 0.75| 150 0.87 0.68 0.69| 149 144 105 1.49
Photonics 0.43 051 085 0.98 020 0.24 044 0.36| 0.14 0.16 0.20 0.21
Advanced Materials 258 261 244 286/ 1.02 155 187 1.86| 2.08 240 241 258
AMT for other KETs 0.67 066 0.81 0.86| 062 085 0.83 0.71| 0.34 0.35 0.37 042
All KETs 543 538 526 5.71| 350 368 395 3.76] 425 458 422 490

Sweden United Kingdom Denmark
Industrial Biotechnology 0.10 0.08 0.07 0.08/ 0.27 0.16 0.21 0.23] 097 095 1.00 1.19
Nanotechnology 0.12 0.112 0.12 0.12] 0.15 0.14 0.16 0.14| 0.06 0.09 0.09 0.12
Micro- and Nanoelectronic{ 0.31 0.33 0.30 0.75| 3.29 175 0.68 0.53] 0.35 0.27 0.15 0.14
Photonics 0.31 0.30 056 0.30f 0.30 0.33 057 053] 015 0.14 0.24 0.29
Advanced Materials 1.11 1.05 1.19 1.44| 2.02 229 251 244 1.00 0.84 0.83 1.04
AMT for other KETs 0.81 0.72 0.66 0.62] 0.37 0.36 047 0.48| 047 049 054 0.53
All KETs 275 259 290 332 640 5.04 459 434| 3.00 2.78 286 3.29

Italy Poland Belgium
Industrial Biotechnology 0.07 0.08 0.06 0.07| 0.02 0.03 0.03 0.03] 025 0.36 0.45 0.65
Nanotechnology 0.13 0.13 0.14 0.16] 0.06 0.07 0.08 0.18/ 0.09 0.07 0.09 0.12
Micro- and Nanoelectronic{ 0.85 0.77 0.40 0.41f 0.06 0.06 0.06 0.11f 041 040 0.34 0.16
Photonics 0.11 0.12 0.15 0.17| 0.01 0.01 0.03 0.07] 0.12 0.19 0.31 0.44
Advanced Materials 1.87 190 199 218 1.83 190 222 260f 430 5.13 500 5.19
AMT for other KETs 0.53 0.60 0.79 0.70/ 0.26 0.30 0.29 0.25| 0.16 0.17 0.21 0.24
All KETs 355 359 354 3.69| 224 237 271 3.24| 533 6.33 640 6.81

CzechRepublic Netherlands Hungary
Industrial Biotechnology 0.06 0.02 0.01 0.03] 031 0.21 0.17 0.19| 0.13 0.05 0.08 0.06
Nanotechnology 0.08 0.09 0.09 0.14( 021 0.18 0.20 0.18/ 0.11 0.18 0.17 0.25
Micro- and Nanoelectronic{ 0.51 0.55 0.59 0.88) 091 284 108 0.70f 024 0.83 0.32 0.57
Photonics 0.11 0.16 058 0.74] 0.13 0.22 025 0.54| 0.09 0.16 050 0.58
Advanced Materials 154 193 185 1.94| 345 360 342 339 086 1.19 1.98 1.90
AMT for other KETs 0.33 0.34 0.36 0.34| 0.25 0.22 0.28 0.27| 0.10 0.16 0.30 0.34
All KETs 263 3.09 348 4.07| 527 7.27 540 5.26| 152 257 334 3.70

Source COMTRADE Database. NIW calculations.

Trade competitiveness does not only show on export markets. The development of imports has to be considered,
too. A positive (negative) Revealed Comparative Advantage (R€aNs that the export to import ratio by KET

is higher (lower) than the export to import ratio for total manufacturing, thus, indicating a positive (negative)
trade specializationTableb.3).
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Table5.3 ¢ Specialisation in trade with KEfelated products by main regions. RCA: export to import ratio by

KET over export to import t#o for total manufacturing (In*100) 2002011
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

EU28
Industrial Biotechnology -16 -27 -29 -40 -37 -53 -37 -28 -35 -36
Nanotechnology 7 8 10 10 10 16 11 11 10 3
Micro- and Nanoelectronics -10 -25 -22 -15 -17 -15 -14 -27 -35 -29
Photonics -24 -25 -34 -39 -43 -39 -56 -61 -79 -72
Advanced Materials -15 -16 -17 -16 -14 -13 -15 -3 -6 -10
AMT for other KETs 37 39 44 50 53 56 53 58 59 59
North America
Industrial Biotechnology 21 42 24 25 14 -1 -19 -12 -2 -20
Nanotechnology 72 67 68 64 55 74 79 85 108 109
Micro- and Nanoelectronics 81 100 95 96 99 90 92 83 77 51
Photonics 61 58 64 67 60 49 41 54 41 8
Advanced Materials 56 59 60 59 67 68 61 82 75 69
AMT for other KETs 50 49 63 58 54 47 61 60 80 60
East Asia
Industrial Biotechnology -25 -24 -18 -11 -4 3 10 17 43 48
Nanotechnology -58 -51 -48 -55 -47 -37 -38 -34 -31 -11
Micro- and Nanoelectronics -71 -80 -86 99 -110 -117 -127 -120 -114 -117
Photonics -57 -75 77 -65 -58 -49 -37 -19 -10 -9
Advanced Materials -44 -48 -43 -44 -46 -50 -52 -58 -52 -46
AMT for other KETs -60 -61 -59 -49 -45 -42 -35 -34 -39 -47

Notes:The table shows RCA values, i.e. export to import ratio for trade in KET over export to import ratio for total trade (In*100)
Source COMTRADE Database. NIW calculations.

Considering this relative export/imperatio, the EU28 hasan increasingly high trade specialization in AMT and

a small but decreasing advantage in nanotechnold@ble5.3). Concerning the other four KETs, tB&28 s

RCA values are negative aagart fromadvanced materials, have worsened over the period of investigation. On

the other hand North Ameri@ attains partly high advantages in trade specialization for nearly all KETs. Only in
industrial biotechnologyformer positive RCA values have turned negaffab(e5.3) . However, North A
advantages of specialization in mieend nanoelectronics and particularly in photonics show a shrinking trend

over time whereas its relative trade position in advanced materials and AMT has further impiDegsplite

growing exportshares in total manufacturing exportsE¥related products have not yet become a meaningful

el ement in this region’s foreign trade. Apart from i
negative. Furthermore, th&rend over time is not consistent: improvements in nanotechnology, photonics, and

AMT stand in contrast to deteriorations in mielnd nanoelectronics and advanced materials.

Although the EkR8 as a whole only gains high positive trade specializatioMih far other KETs as well as small,

but decreasing advantagan nanotechnologytrade specialization patterns distinctly differ between single EU
countries(Table5.4). Whereas Germany, Italy and Hungary reflect the2Blaverage, exhibiting positive RCA

values in nanotechnology and AMT for other KETS, the United Kingdom and the Netherlands succeed in realizing
trade advantages in mickmanoelectronicand advanced material. Besides AMT
relative strength lies in micknanoelectronics. The same holds for Austria, disposing additional trade
advantages in photonics. Within the selected-&luntries, only Denmark succeedsgamining trade advantages

in industrial biotechnology, as well as in AMT for other KETs and in photonics, just like Sweden. Belgium only
attains comparative advantages with advanced materials. In contrast to Hungary, Poland and the Czech Republic
have notbeen able to realize trade advantages with any Kieleded products.

It is quite remarkable that some countries have succeeded in resisting the general negative trend which can be
observed for the EX28 as a whole. This applies e.g. to France and Austriah both could increase their
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comparative trade performance in micfoanoelectronics. Denmark, Sweden and Austria were able to improve
their performance in photonics.

Table5.4 ¢ Specialisation in trade wh KETrelated products by selected Etbuntries, 20022011

2002 2005 2008 2011| 2002 2005 2008 2011| 2002 2005 2008 2011
Germany Austria France
Industrial Biotechnology -74 91 -112 -114 10 21 -8 -29( -87 -118 -115 -99
Nanotechnology 44 31 23 24| 95 -73 50 -48| -45 -8 -1 -23
Micro- and Nanoelectronic{ -42 -38 -42 -52 15 22 33 46 1 14 34 58
Photonics 12 43 -39 54| -28 -14 5 12| -32 -28 -48 -121
Advanced Materials -11  -28 -38 -19| -84 55 -39 -39| -26 -15 -10 0
AMT for other KETs 89 86 97 107 58 88 58 64 13 34 27 50
Sweden United Kingdom Denmark
Industrial Biotechnology -40 -30 -23 -4 53 -88 -15 -26| 139 148 171 138
Nanotechnology -7 -5 -13 -3 66 63 59 42| -72 45 27 -13
Micro- and Nanoelectronic{ -142 -112 -115 -94 74 35 23 24| -113 -87 -78 -85
Photonics 2 -4 10 19 16 30 44 3| -23 -28 39 7
Advanced Materials -86 -102 -92 -57 20 27 28 20| -88 -87 -78 -59
AMT for other KETs 62 66 56 45 41 51 76 77 44 42 56 61
Italy Poland Belgium
Industrial Biotechnology -83 54 -86 -83| -262 -198 -173 -180 -2 24 -13 -15
Nanotechnology 9 35 55 62| -165 -129 -107 59| -12 -21 -11 -16
Micro- and Nanoelectronic{ -17 -13  -28 -20| -269 -277 -241 -236| -35 -23 4 -29
Photonics -86 -77 -143 -269| -244 -283 -359 -297| -53 -3 22 66
Advanced Materials -58 -67 -66 -55| -55 -64 -39 47 24 37 34 40
AMT for other KETs 76 98 105 87| -70 -39 49 49| -43 -20 -20 -10
CzechRepublic Netherlands Hungary
Industrial Biotechnology -111  -153 -181 -107 11 4 -2 -9 10 -73 -16 -64
Nanotechnology -79 -58 -63 -43 63 80 101 74| -13 4 -4 8
Micro- and Nanoelectronic{ -168 -138  -97 -79 28 -4 66 13| -249 -184 -254 -186
Photonics -66 -86 -55 -34| -67 51 -25 42| -221 -159 -28 -21
Advanced Materials -65 -62 -58 -62 39 38 33 41| -87 -113 -35 47
AMT for other KETs -52 -3 -20 -28 23 30 24 19| -120 -43 -8 49

Notes: he table shows RCA values, i.e. the export to import ratio for tra#téEifn over the export to import ratio for total trade (In*100)
SourceCOMTRADE Database. NIW calculations.

The trade balancewhich isexports minus importsis a percentage dhe sum of exports and impor{seeTable
5.5 and Table5.6)- typically showsin the same direction as the RG@bes Signs sometimes differ, however,
becausehe trade balance only refers to the export/imperatio of each product group itself where&CA also
considers its relative position compared to total manufacturing trade.

The ELR8 shows a positive and increasing trade balance for AMT for other KETs and a positive trade balance
without a clear upwards or downwards trend for Nanotechnology?E®’ s t r ade bal ance for ai
is slightly negative in most years but turned positive in 2009 and 2010. In the three otherikdtiBsrial

biotechnology, micrgnanoelectronics and photonie€U28 imports exceed exports and the trade balaneed

to get more negative over time, particularly in photonics. For total trade (i.e. trade in all manufactured products),

EU28 reports a positive trade balance of about 4 percent for the entire period.

North America reports a clearly negative trade bakafar total trade, but shows positive trade balances for most

KETs. The only exception is industrial biotechnology. In this KET, imports increasingly exceed exports, and North
America’s trade balance became st r gynagiancedmaterialtand e i n
AMT for other KETs, the positive trade balance tends to increase over time while it tends to fall irangicro
nanoelectronics and in photonics.

East Asia reports a highly positive trade balance for total trade as well aséerKi#Ts, industrial biotechnology,
nanotechnology and photonics, at least in recent years. Trade balances clearly improved in these three KETs over
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time, as they did for AMT for other KETSs atuda lesser extentfor advanced materials. The only KET ttatws
a strong negative trade balance which deteriorates over time is mé&rd nanoelectronics.

_____________________________________________________________________________________________________________________________________________________|
Table5.5 ¢ Trade Balance by main regions, 208211 (%)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

EU28
Industrial Biotechnology -3.2 92 -102 -157 -142 -231 -150 -9.8 -135 -13.0
Nanotechnology 8.5 8.1 9.1 9.2 9.2 109 9.1 9.4 8.9 6.3
Micro- and Nanoelectronics 05 84 69 36 -48 -45 -33 95 -13.7 -97
Photonics -75 -81 -12.7 -155 -17.2 -16.6 -240 -258 -341 -30.5
Advanced Materials 26 35 43 38 -31 35 41 2.7 1.1 -04
AMT for other KETs 231 236 255 284 297 301 296 326 324 33.1
Total manufacturing 4.7 4.3 4.1 4.2 4.0 2.9 3.6 4.1 4.0 4.8
North America
Industrial Biotechnology -8.8 04 -91 -90 -13.0 -184 -243 -23.2 -187 -26.0
Nanotechnology 16.3 129 12.7 104 73 184 235 240 345 36.1
Micro- and Nanoelectronics 206 28.7 255 259 285 265 29.8 233 203 8.5
Photonics 11.1 84 105 11.9 9.6 6.4 5.2 9.2 29 -12.8
Advanced Materials 8.7 8.7 8.5 80 131 155 149 225 195 173
AMT for other KETs 5.7 41 10.1 7.2 6.8 53 148 122 220 13.0
Total manufacturing -19.1 -20.3 -21.0 -21.3 -200 -17.9 -153 -17.7 -17.6 -16.7
East Asia
Industrial Biotechnology 4.3 3.7 78 131 180 232 278 282 403 421
Nanotechnology -122 97 -70 -88 -3.7 3.6 4.7 3.9 58 15.2
Micro- and Nanoelectronics -18.6 -23.8 -256 -30.1 -33.7 -351 -38.2 -37.4 -34.4 -357
Photonics -11.8 -21.7 -215 -138 91 -24 48 109 159 16.3
Advanced Materials 53 84 46 33 30 32 -26 82 -49 21
AMT for other KETs -13.4 -146 -128 -59 -2.6 1.0 5.8 3.7 1.4 -25
Total manufacturing 16,5 155 16.6 18.2 19.8 216 23.1 204 208 20.7

SourceCOMTRADE Database. NIW calculations.

At the level of EU member states, trade balances vary substantially by &id5(6). For each KET, at leastrs®
EU countries show positive trade balances.

1 Inindustrial biotechnology, Denmark reports a particularly strong trade performance for the entire period.
In the Netherlands, exports of products related to industrials biotechnology also exceed imports, though
trade surplus falls over time. Sweden waseato turn a negative trade balance in this KET into a slightly
positive one in recent years.

9 Strong positive balances in the trade with products related to nanotechnology can be found for the
Netherlands, Italy and Germany. In addition, the UK and Swéd#h a declining trend) as well as Hungary
(with an increasing trend) also report positive trade balances for this KET.

1 Three EU member states (out of the group of 12 countries considered here) show a positive trade balance in
micro- and nanoelectronicsBoth Austria and France increased their trade surplus over time while the
Netherlands report substantial fluctuations, though the trade balance is positive in all years.

1 In Photonics, Austria and Denmark were able to turn a trade deficit into a siopéughe past decade while
Sweden could maintain a positive trade balance throughout the entire period. In Germany and the UK, the
trade balance was negative in the most recent year (2011) though it was positive in earlier years. Hungary
reports an almosbalanced trade in photonics in 2011 while the trade balance was strongly negative at the
beginning of the last decade.
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1 Germany and Belgium are the only two EU member states among the 12 countries considered here that do
export more products related to adwaed materials than they import. While Belgium was able to increase
the trade surplus over time, no clear trend can be observed for Germany.

1 AMT for other KETs is clearly a strength of EU trade. 10 out of the 12 EU member states considered report a
positive trade balance in 2011. Poland and the Czech Republic are the only two countries with a negative
trade balance. In almost all countries, dia performance improved over the past decade or remained at a
very high level.
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Table5.6 ¢ Trade Balance by selected Elduntries, 20022011 (%)

2002 2005 2008 2011| 2002 2005 2008 2011| 2002 2005 2008 2011

Germany Austria France
Industrial Biotechnology | -20.0 -27.0 -353 -39.3 77 131 -21 -154| -375 -527 -53.7 -50.0
Nanotechnology 371 324 296 266| -422 -324 -227 -247| -184 -34 -33 -166
Micro- and Nanoelectronic{ -43 -09 -22 -105 98 137 183 215 4.6 7.7 143 234
Photonics 106 -34 -03 -117| -115 -41 46 50| -122 -134 -261 -57.8
Advanced Materials 115 39 0.2 59| -376 -242 -174 -203| -90 -70 -76 -52
AMT for other KETs 545 545 588 597| 303 436 300 301| 105 172 108 197
Total manufacturing 16.6 17.8 18.8 15.2 25 29 19 -10f 40 06 -26 -52

Sweden United Kingdom Denmark
Industrial Biotechnology -65 15 -27 6.1| 157 -505 -219 -257| 621 634 687 613
Nanotechnology 108 112 21 6.7| 219 197 144 79| -31.8 -21.0 -147 -43
Micro- and Nanoelectronic{ -51.2 -39.9 -453 -371| 259 57 -32 -10| -488 -400 -384 -382
Photonics 154 115 134 173| -27 34 6.8 -143| -84 -129 177 56
Advanced Materials -277 -359 -357 -204| 09 19 -08 -32|-387 -403 -384 -268
AMT for other KETs 426 434 352 295 98 138 226 251| 247 215 259 318
Total manufacturing 143 134 86 8.0/ -10.7 -11.7 -14.8 -13.0f 31 09 -14 22

Italy Poland Belgium
Industrial Biotechnology | -31.9 -195 -325 -326| -891 -768 -720 -70.7| 62 -61 -18 -09
Nanotechnology 129 244 349 367| -737 -586 -519 -266| 13 -47 -06 -14
Micro- and Nanoelectronicic 00 08 -51 -21| -898 -888 -847 -820|-101 -54 69 -83
Photonics -333 -301 -552 -853| -87.1 -894 -950 -899| -190 46 -6.2 -258
Advanced Materials -202 -255 -235 -196| -37.7 -334 -233 -211| 190 238 215 257
AMT for other KETs 432 508 550 471| -439 -21.7 -279 -221|-140 -41 53 14
Total manufacturing 83 72 91 77/-119 -26 -40 20| 749 59 48 64

CzechRepublic Netherlands Hungary
Industrial Biotechnology | -50.1 -624 -69.3 -432| 128 133 7.7 45| 23 -335 -37 -214
Nanotechnology -372 -252 -258 -141| 368 472 531 429| 93 38 20 143
Micro- and Nanoelectronic{ -684 -575 -408 -31.0| 211 9.1 393 155| -855 -718 -843 -680
Photonics -315 -375 -220 95| -254 -141 -36 -117| -81.3 -650 -101 -05
Advanced Materials -311 -269 -234 -232| 262 294 249 288| -433 -499 -133 -132
AMT for other KETs -250 18 -48 -65| 186 258 205 183| -556 -195 03 334
Total manufacturing 05 34 51 7.4 7.3 11.1 87 90| -28 16 40 10.1

SourceCOMTRADE Database. NIW calculations.

5.3. TECHNOLOGY CONTENKEIRELATED PRODUCTS
Level and dynamics of export unit values

In 2011, theeU28only showed higher export unit values than the other two regions for industrial biotechnology.
In four other KETsnanotechnology, micrénanoelectronics, photonics and AMT for other KEGserage unit
values were below those of North America and East Asia. In advanced matked$j28 reported a lower unit
value than East Asia bustghtlyhigheronethan North AmericaTable5.7). Between 2002 and 2011, unit values
of the EU28 were increasing in all KETs excégptphotonics not all KETs show a steady increasieough. In
AMT for other KETEU28unit values increased until 20@&it have beerfalling since. In micrgnanoelectronics

unit values fluctuate heavily from year to year without revealing a clear trend.

In North America, univalues clearly increased in nanotechnology, photonics, advanced materials and AMT for

other KETs and stayed rather stable in industrial biotechnology and #mamwmelectronics. North America

reportsthe highest export unit values in 2011 for nanotechomy, photonics and AMT for other KETs while unit

values in industrial biotechnology were the lowest among the three triadic regions. For a couple of years North
America’s increasing unit valwues in photwloesforsthehave be
EU28 and East Asia. This phenomenon is primarily attributable to differences in product compoFitade. in

the field of photonicsboth in the EU28 and in East Asia is highly dominated psoducts which have been

131



experiencing high drops prices over time (particularfyghotosensitive semiconductor devieesich also include

photovoltaic cells'? but alsoliquid crystal devices and other optical applies and instruments)North
America’'s product portfolio is mor e l|lesdrsorqstrententtaod pr oduc
appliances for physical or chemical analysis

Table5.7 - Average export unit valus 2002 to 2011n EU28, North America and East Asia by KET
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

EU28
Industrial Biotechnology 29 33 34 3.6 33 39 4.6 51 4.2 4.9
Nanotechnology 11 12 13 14 16 18 20 19 1.9 21
Micro- and Nanoelectronics 385 324 528 414 496 321 235 507 343 477
Photonics 855 972 998 877 797 803 701 558 380 314
Advanced Materials 1.3 1.5 1.7 1.9 2.0 2.1 2.4 2.2 2.2 25
AMT for other KETs 139 150 170 183 183 216 247 243 230 185
North America
Industrial Biotechnology 1.7 1.3 1.1 1.1 1.3 15 1.5 1.2 1.4 1.6
Nanotechnology 2.0 1.9 1.8 1.8 2.2 2.4 2.6 2.9 3.8 4.4
Micro- and Nanoelectronics 671 699 706 676 717 671 660 661 644 704
Photonics 137.2 159.7 140.3 87.1 150.1 154.5 158.2 165.8 172.3 173.3
Advanced Materials 1.4 1.4 15 1.8 1.9 2.0 2.1 1.9 2.2 2.4
AMT for other KETs 18.1 20.3 205 154 208 234 26.7 311 31.0 295
East Asia
Industrial Biotechnology 1.6 1.5 1.6 1.7 1.5 15 2.0 1.6 1.7 1.8
Nanotechnology 1.4 15 15 1.6 1.8 1.8 2.2 1.9 2.1 2.3
Micro- and Nanoelectronics 682 689 732 744 821 1058 992 1011 1136 1306
Photonics 87.7 105.7 124.8 108.4 1045 67.9 59.3 49.0 50.0 459
Advanced Materials 1.4 1.5 1.6 1.8 2.0 2.1 2.4 2.0 2.4 2.9
AMT for other KETs 125 134 145 123 132 157 191 182 224 235

SourceCOMTRADE Database. NIW calculations.

East Asia reports an upward trend of unit values in minenoelectronics, nanotechnology, advanced materials

and AMT for other KETs. Unit values in industrial biotechnopgaked in 2008 while photonics sheda
declining trend. East A=andamanseledrpnes; a viery tomagénous graup dionly i e s i
four products covering different forms oueshavbeeat roni c
steadily increaimg over time and arenow nearly twice as high as the respective values for North America and

three times as higlascompared to theEU28. Furthermore,East Asia islightlyleading in terms of export unit

values in advancethaterials In a regional comparisomowever,only advanced materials show similar levels

and variations in export unit values while for all other five KETs both the level and the dynamics of unit values
differ significantly among the three regions. Thdfarm trends in advanced materials may be attributed to the

size of this KET, which covers about 180 different prodirtiglyingthat a peculiar developmentf a distinct

product has less impact on the average unit value of this KET.

Advanced economiesre supposed to realize higher export unit values than less developed countries. Hence, it

is not surprising that large Etbuntries like Germany, France, United Kingdom and ltaly, but also smaller
countries in northern and middle Europe (Belgium, Nethak, Austria, Sweden, Denmark) generally attain

unit values that are distinctly higher than the 28 average and, in some cases, higher than those applying to
North America or East Asiddgble5.8). This is especially valid for migranoelectronics regarding France
Swedenand Germany, for nanotechnology referring to United Kingdom, Belgium and Denmark, for photonics
particularly in the Netherlands and Denmark, ankkss distinctive in France, United Kingdom, Austria and
Sweden. In advanced materials, Denmark, UniteddGng and Germany achieve the highest export unit values.
Regarding AMT for other KETs, Germany, Sweden, Austria and France are holding the leading position, in which
Germany, Austria and Sweden achieved the highest growth rates over time. Poland, theRepedltic and

113 gee, for instance, REN21 (2012) or J&Yaldau (2011).
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Hungary are catchingp, but, in most cases, still fall short of the selected-1BUcountries. Furthermore
remarkable is that the considerably decreasing trend in photonics observed for H28 Htles not apply to the
Netherlands and Denmark.

|
Table5.8 - Average export unit values 2002 to 2011 in selected EU member states by KET

2002 2005 2008 2011 2002 2005 2008 2011

Germany Austria
Industrial Biotechnology 28 3.6 3.9 4.4 58 3.9 33 37
Nanotechnology 14 17 2.3 23 11 12 14 13
Micro- and Nanoelectronics 7991 11342 12386 7533 6937 705.0 7214 637.9
Photonics 1184 1334 85.2 401 1654 430 31.0 55.0
Advanced Materials 1.6 2.3 29 33 1.7 1.9 2.3 2.6
AMTfor other KETs 17.8 24.3 34.2 39.2 135 19.9 26.4 315

France Sweden
Industrial Biotechnology 51 7.2 9.9 104 45 58 43 8.9
Nanotechnology 11 16 2.2 24 12 18 2.3 2.6
Micro- and Nanoelectronics 1707 2095 12513 10232 1224 1031 305.1 876.0
Photonics 84.0 80.4 812 589 1687 74.7 68.1 60.5
Advanced Materials 1.3 19 2.6 2.6 1.3 2.0 2.7 2.3
AMTfor other KETs 209 24.6 314 307 16.6 22.8 374 373

United Kingdom Denmark
Industrial Biotechnology 5.8 3.8 6.7 9.1 5.7 7.1 9.7 9.6
Nanotechnology 18 25 39 5.1 22 2.7 3.2 3.0
Micro- and Nanoelectronics 12948 614.1 2902 306.0 2982 1594 136.1 2094
Photonics 1755 1292 88.1 614 1491 2151 2957 1929
Advanced Materials 2.2 3.0 4.0 4.3 2.7 2.8 4.1 5.4
AMTfor other KETs 144 17.6 25.4 25.7 16.6 191 234 26.3

Italy Poland
Industrial Biotechnology 31 4.1 3.8 3.7 0.8 15 24 24
Nanotechnology 1.0 13 2.0 21 0.7 0.9 16 18
Micro- and Nanoelectronics 10253 8113 596.0 659.7 425 36.5 1167 2014
Photonics 36.7 454 50.7 356 76.2 1110 994 282
Advanced Materials 14 2.1 2.7 2.8 0.5 0.9 1.6 1.9
AMTfor other KETs 9.4 12.7 17.9 17.3 4.6 8.0 9.8 115

Belgium Czech Rep.

Industrial Biotechnology 11 21 37 34 12 28 43 8.6
Nanotechnology 1.8 2.6 29 31 0.7 0.9 15 15
Micro- and Nanoelectronics 1801 1433 104.8 3075 154.6 1430 1162 1424
Photonics 450 525 549 21.0 97.3 444 27.6 18.6
Advanced Materials 14 2.1 2.3 2.4 1.0 14 2.4 2.4
AMTfor other KETs 11.2 15.3 179 201 49 5.6 8.9 109

Netherlands Hungary
Industrial Biotechnology 20 1.6 28 31 38 31 41 3.0
Nanotechnology 1.0 12 24 2.7 0.6 0.8 13 15
Micro- and Nanoelectronics 3703 7341 2490 4188 85.1 70.8 1117 2085
Photonics 1775 97.7 1163 4213 389 71.0 69.6 381
Advanced Materials 1.1 15 2.1 2.1 0.8 1.3 2.2 2.2
AMTfor other KETs 19.3 24.8 354 24.2 6.0 16.2 21.3 20.7

Source COMTRADE Database. NIW calculations.

While the pattern of export unit values at the level of KETs reveals some information on the threesregion
respectively selected countries and on thganeral position in value chains within each of the six KETs, average
unit values at the level of KETs are difficult to compare since the product composition diffessthe three
regions. Differences in aw&ge unit values may therefore simply reflect a different focus of each region on
products with either higher or lower levels of unit values. Changes over time are also difficult to interpret since
they may also reflect changes in product composition. lditkah, changes in exchange rates between European
and East Asian currencies the one hand, and the U%on the otherhandcan affect trends in unit values, too.
However, calculations on the basis of purchasing power parity (PPP) prove that changbsirgexates do not
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significantly influence the performance and development of export unit values in comparison to calculations on
the basis of nominal values (c.f. appen@iable8.3 and Table8.4).

Products by technology content

A classification of KETslated products by their technology contéfftproduces a significantly different result
compared to average export unit valu@sableb.9). Despite low and decreasing average unit values in ghicso

and AMT for other KETs, the majorityd (@ 74 percent) ofthe EU28 trade in these two KETs is classified as
having high and increasing technology content. This result revealshibd&U28 is, in both KET,sspecialisedn

the production of productsvith a rather low unit value compared to other products in these KETs. Howhbeer,
EU28 unit valuesof these KETelated products are higher than those of North America and East Asia and are
increasing over time. In industrial biotechnology, the highrage level of export unit values is confirmed by a
very high share (90 percent) of trade with products having high and increasing technology content. In advanced
materials, 57 percent dEU28 trade concernsproducts in this category. Nanotechnoloigithe only KEWithin

this group of the five investigated Trable5.9 for which the majority oEU28trade is classified as low technology
content.

_____________________________________________________________________________________________________________________________________________________|
Table5.9 ¢ Technology content of KEfelated products by KET and triadic region (2007 to 2011 average)

high and increasin¢  high but decreasing low but increasing  low and decreasin(

KEP technology conten”  technology conten”  technology conten  technology conten
EU28
Industrial Biotechnology 89.6 0.7 0.0 9.7
Nanotechnology 275 6.3 295 36.8
Photonics 68.8 6.7 16.6 7.8
Advanced Materials 57.2 126 9.0 211
AMT for other KETs 74.2 5.3 10.9 9.5
North America
Industrial Biotechnology 25.9 277 0.1 46.4
Nanotechnology 420 327 0.0 252
Photonics 60.8 383 0.9 0.0
Advanced Materials 252 17.7 123 448
AMT for other KETs 76.8 5.1 17.3 0.7
East Asia

Industrial Biotechnology 9.9 51 264 58.6
Nanotechnology 6.3 40.1 0.0 53.6
Photonics 0.5 0.2 4.2 95.1
Advanced Materials 172 255 191 382
AMT for other KETs 5.8 4.4 52.0 37.8

Note: 1) without micre/nanoelectronics., since no exact change in unit values over time can be calculateid #ET due to the transition
from HS 2002 to HS 2007.
Source COMTRADE Database. NIW calculations.

In contrast to micre'nanoelectronics belowTable5.10), East Asia share of trade with high technology content
is below 50 percent in all other five KETs. North America has technology strengths in AMT for other KETS,
photonics and nanotechnolgy

Inindustrial biotechnologythe EU28 shows high and increasing technology content for almost all products (see
annexFigure8.1 to Figure8.3). Furthermore, theEU28 has managed to either extent its technology advantage

or to reduce a previous technological gap for industrial biotechnologgdpsoducts over time, whereas North
America and East Asia only show advance in some products. Particularly North America had experienced growing
technological disadvantages, whereas East Asia considerably succeeded in reducing the technological gap.

114 Notethat for each KE®@nly products witha minimum volume of trade are considered in order to avoid arbitrary redulésto very small
and strongly fluctuating trade figures.
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In nanotechnologyNorth America hasnanaged tomaintain its leading position across nearly all products. The
majority of nanotechnology products manufactured and exported by BW28 have increasing technology
content. East Asia shows decreasing technolaegyntent for most of its trade in products related to
nanotechnology, with the vast majority of trade in products with low technology content (see &fgere8.4

to Figures.6).

In photonics North America is the leading technological region with broadly spread and further increasing

technologicabdvance. Th&U28 s st il |l high proportion of products wi
is contrasted by falling average export unit values which implies theatEU28 is increasingly specialisirig

photonics products with a low unit value.8bame appliesto EastAsis i ncr easi ngappaeentlinol ogi
conflicting with its favourable trade performance. Th

decreased more than those of thelJ28. Therefore, for several photacsrelated products, theeU28 s ex por t
unit value (2007 to 2011) and its rate of change comparebtdgeriod2002 to 2006 lies above the triad average,

which is strongly determined by East Asia accounting for more than 70 percent of triad expoitskEth (annex
tablesFgure8.7 to Figure8.9).

Advanced materialonstitute the biggest KET field with 180 different products. In this KET, each region
manufactures and exports a significant share of products in each of the four product categories. This result
indicates that there is a significadivision of labour among advanced materials between the three triad regions.
Although the EU28 once again gains the highest export shares with products that feature extending
technological advance in triad comparison, all three regions manage to adhiewe average and increasing
export unit values for certain products. Furthermore, there are a lot of products whose export unit values hardly
differ between the triad regions (see annEigure8.10to Figure8.12).

ConcerningAMT for other KETNorth America and th€&eU28 exhibit high, broadly based, and growing
technology content of exported products. At leagtpercent of their export value applies to products with high
and increasing technological conteMost of their products achieve above average export unit values (see annex
Figure8.13to Figure8.15). East Asia hasither fallen behind the other two regions during the past decade in
this KET.

Within the EWU28, for some KETs the results considerably differ between single countries (TEbleVBhereas
theEU28' s high and i ncr e adustnalpiotactnoldgyapplledtgnme af then 12 sekedted i n
EUcountries (with the exception of Sweden, Poland and Hungary), their comparatively favourable performance
in photonicsis mainly attributed to France and Sweden. On the other hand, Germany, the UnitetbKinthe
Netherlands, and Denmark report high but decreasing technology content referring to their exports of photonics
related products over time.

In AMT for other KET¢he share of exports with high technology content is higher thapdr@ent for nealy all
selected countries except ItglfPoland and the Czech RepublBermany, France, the United Kingdom and the
Netherlands are able to attain more than half of total exports with AMT for other KETs with products
characterized by high and increasing technological content. However, remarkably high shares of exports with
low but increasing technological content demonstrate that Austria, Belgium, Denmark and also Poland, the Czech
Republic and Hungary are catching up.

Considerin@dvanced materialsall selected EU5 countries focus on products with high technological eont
Denmark, Sweden, Germany and Belgium were especially successful in extending their technological advance
over time.
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Table5.10 ¢ Technology content of KEelated products by KET and selected Etuntries (2007 to 2011

average)
high and increasin¢  high but decreasing low but increasing  low and decreasing
KE®D technological conten technological conten technological conten technological conten
Germany
Industrial Biotechnolog) 55.8 4.6 0.0 39.6
Nanotechnology 27.0 53 1.9 65.8
Photonics 10.3 55.4 6.6 27.8
Advanced Materials 55.4 17.4 5.4 21.8
AMT for other KETs 70.1 25.4 0.0 4.5
France
Industrial Biotechnology 79.9 0.4 0.0 19.7
Nanotechnology 17.7 141 58.2 10.0
Photonics 73.1 14.4 0.0 12.6
Advanced Materials 47.8 20.9 8.0 23.3
AMT for other KETs 53.4 42.8 0.0 3.8
United Kingdom
Industrial Biotechnolog) 59.5 11.4 5.4 23.7
Nanotechnology 54.6 10.0 1.9 335
Photonics 29.7 68.0 0.0 23
Advanced Materials 49.1 19.6 1.9 294
AMT forother KETs 59.1 10.0 15 29.4
Italy
Industrial Biotechnolog) 54.1 14.6 0.0 31.3
Nanotechnology 50.5 6.5 20.6 22.4
Photonics 46.4 0.0 33.3 20.3
Advanced Materials 46.4 14.3 23.9 15.4
AMT for other KETs 27.3 0.9 28.0 43.8
Belgium
IndustrialBiotechnology 85.5 0.0 104 4.1
Nanotechnology 53.4 4.4 0.0 42.2
Photonics 18.2 29 73.2 5.7
Advanced Materials 52.5 21.6 4.8 21.1
AMT for other KETs 45.3 6.6 40.3 7.8
Netherlands
Industrial Biotechnology 70.5 3.8 0.0 25.7
Nanotechnology 54.4 17.7 27.9 0.0
Photonics 23.8 72.7 0.0 3.5
Advanced Materials 37.9 18.8 17.4 25.9
AMT for other KETs 73.6 22.3 0.0 4.1
Denmark
Industrial Biotechnolog) 98.1 0.8 0.0 1.1
Nanotechnology 2.8 95.7 15 0.0
Photonics 47.4 51.3 0.0 1.4
Advanced Materials 57.3 10.5 2.4 29.8
AMT for other KETs 40.3 13.2 37.3 9.3
Austria
Industrial Biotechnology 78.1 15.8 6.1 0.0
Nanotechnology 6.2 77.3 11 15.4
Photonics 22.9 12.7 64.1 0.3
Advanced Materials 395 16.7 6.8 37.1
AMT for other KETs 48.5 9.4 28.0 14.1
Sweden
Industrial Biotechnolog) 1.0 91.2 0.1 7.8
Nanotechnology 1.7 7.8 134 77.0
Photonics 91.0 0.2 0.0 8.8
Advanced Materials 68.1 8.6 7.8 155
AMT for other KETs 43.8 28.2 3.6 24.5

Note: 1) without micre/nanoelectronics., since no exact charigainit values over time can be calculated for this KET due to the transition
from HS 2002 to HS 2007.
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SourceCOMTRADE Database. NIW calculations.

|
Table 510 (continued)

high and increasin¢  high but decreasin( low but increasing  low and decreasin(
technological technological conten technological conten technological conten

KET content

Poland
Industrial Biotechnology 20.1 9.9 25.4 44.5
Nanotechnology 15 0.9 63.5 34.1
Photonics 17.2 81.1 0.0 1.7
Advanced Materials 34.3 3.8 28.8 33.2
AMT for other KETs 18.4 2.5 64.5 14.6
Czech Rep.
Industrial Biotechnology 94.3 0.6 0.0 5.1
Nanotechnology 16.4 0.3 67.6 15.7
Photonics 1.8 0.1 95.1 3.0
Advanced Materials 31.9 4.7 29.5 33.9
AMT for other KETs 24.6 3.6 61.8 10.0
Hungary

Industrial Biotechnology 9.7 1.8 0.0 88.5
Nanotechnology 0.1 0.5 0.0 99.4
Photonics 3.8 96.0 0.3 0.0
Advanced Materials 14.7 7.0 4.6 73.8
AMT for other KETs 49.4 1.6 40.9 8.1

Note: 1) without micre/nanoelectronics., since no exact change in waiues over time can be calculated for this KET due to the transition
from HS 2002 to HS 2007.
Source COMTRADE Database. NIW calculations.

Referring to the E{28 as a whole, more than half of theianotechnologyexports apply to products classified

as lav technology. This result is valid for most of the selected countries, among them Germany and France,
whose performance has a strong impact on overall results. However, the United Kingdom, Italy, Belgium and the
Netherlands gain more than 5fercent of ther nanotechnology exports with products featuring high and
increasing technology contentéble5.10).

Micro-and nanoelectronics are missing Table5.9 and Table 5.0, that are based on changes between the
periods 2002 to 2006 and 2007 to 20Tue to the methodical transition from HS 2002 to H®72( trade
statistics, there are no time series foricro- and nanoelectronicavailable at the product levét® Hence, it is
neither possible to calculate growth rates between the two partial periods nor to compute export shares
according to the four catgories aboveFurthermore, there are a lot of missings in trade volume data considering
North America and East Asia in the period 2007 to 2011. Therefore, the technology content of anitro
nanoelectronics related products was calculated seperately, ogfigrring to 2002 to 2006 and to changes
between 2002/2003 and 2005/2006, alternativelaple5.11).

The results illustrate that not only production and trade but also technological advance in/mégroelectronics

have more and more shifted to East Asia, whose exports 2005/2006 weakytotassified in category 1 and 2,
standing for high- mostly increasing technology content, whereas the E28 and North America focus on
products with comparably low technological content. However, in contrast to the increasing gap between North
America and East Asia during this short periochost American exports show low and decreasing technological
content-, the EUJ28 succeeded in catching up between 2002/2003 and 2005/2006 (category 3: low but increasing
technological content). Although both regn s’ e X p o r- argl nanatechmoiogy r20605/2006 were
dominated by monolithic integrated circuits, the 28 managed to achieve higher export unit values over time
whereas North America had to deal with further decliffese also annekigure8.16to Figue 8.18).

115 There is no clear concordance of HS 286@HS 2007 product groups
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At the single country level, sontensiderably differing results arise which can also be attributed to the structural
weight and unit value performance of particular product groups referring to one single country compared to the
EU28 at a whole. Although, most of the Eduntries predomiantly export micreand nanoelectronicselated

products with comparably low (France, Belgium, Denmark, Sweden, the Czech Republic, Poland, Hungary) or still
high but decreasing technology content (the United Kingdom, Italy, the Netherlands), Germafysdnd attain

more than half ot their exports with products featuring high and increasing technological content.

_____________________________________________________________________________________________________________________________________________________|
Table5.11 ¢ Technology content of micreand nanoelectronics related products by triadic region and selected
EUcountries (2005/2006 average compared to 2002/2003 average)

high and increasing high but decreasinc low but increasing low and decreasin(
country/region technological conten technologicatontent  technological conten  technological conten
EU28 0.0 0.0 98.1 1.9
Germany 96.1 3.9 0.0 0.0
United Kingdom 9.8 74.2 2.6 135
France 0.0 2.7 96.4 0.9
Italy 0.0 96.7 2.8 0.5
Belgium 0.0 11.9 223 65.9
Netherlands 4.8 95.2 0.0 0.0
Denmark 0.0 0.5 0.0 99.5
Austria 50.7 4.6 0.0 447
Sweden 0.0 11.9 68.5 19.6
Czech. Rep. 0.0 0.0 16.9 83.1
Poland 0.0 0.0 816 184
Hungary 0.0 0.0 0.0 1000
North America 3.7 0.0 0.0 96.3
East Asia 83.0 17.0 0.0 0.0

SourceCOMTRADE Database. NIW calculations.

5.4. COMPETITIVE ADVANTABI INTERNATIONARADE

Exports in KETrelated products by the&eU28 face very different conditions on international markei&ble
5.12). In AMT for other KETs, mast the EU2 8 exports (64 percent) concern products for which trade is
characterised by quality competition. For almost all of these prodtizesEU28 reportsa quality advantage, i.e.

the EU28is able to gain a positive trade balance based on superior product quality. In nanotechidiogyrial
biotechnology and advanced materials, only 23 4@8&rcent ofEU28 exports are based on quality competition.
Although the majority othe EU28 exports in these KETs face price competition, most of these expentsfit

from price advantage. This means that tB&}28 specialises on those priensitive products for which a cost
efficient production in theEU28 is possible. Inphotonics and micrdnanoelectronics most of the products
exported by theEU28 are in price competition (89 and 94 percent, respectively), and for the majority of these
products, theEU28 has no price advantage.

There are no clear trends the type of competitiorEU28 KETgelated exports face in international trade. In
AMT for other KETs, the sharemif}28 exports based on quality competition and quality advantage increased
during the 2000s while the share of exports based on pricepadition and price advantage decreas€dIn
photonics, the share dEU28 exports in markets with price competition that could profit from a price advantage
in the EU28was substantially reduced over the past decade while the share of exports facinggmpetition
without a price advantage increased. There is also an increase of the sHaE28fexports in this category for
nanotechnology.

18 This result may partially be affected by changes in exchange rates which tend to raise unit valu&8ah&tilifacturers,hough the
analysis in section 5.2 based on PPP conversion of currencies did not support this caveat.
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Table5.12 - Type of competition in trade with KEfielated products 2002 to 2011 in the E2B
2002 2003 2004 2005 200€ 2007 2008 2008 2010 2011 av.
Industrial Biotechnology
Quality competition and quality advantage 505 400 115 00 456 113 117 89 393 373 256
Quality competition without quality advantage 00 00 18 00 00 135 161 03 167 13 5.0
Price competition and price advantage 388 489 751 889 217 591 577 622 296 260 50.8
Price competition without price advantage 106 111 115 111 328 161 145 287 144 354 18.6
Nanotechnology
Quality competition and quality advantage 267 0.2 164 109 231 161 500 171 455 153 221
Quality competition without quality advantage 0.6 00 00 04 05 05 05 04 03 03 04
Pricecompetition and price advantage 468 717 565 616 472 550 198 498 200 402 46.9
Price competition without price advantage 26.0 280 271 271 292 283 297 327 342 442 30.6
Micro- and Nanoelectronics
Quality competition and quality advantage 00 00 00 OO OO OO OO OO 00 00 OO0
Quality competition without quality advantage 00 00 00 00 00 00 00 00 612 00 6.1

Price competition and price advantage 240 34 43 37 64 193 468 00 00 0.0 108
Price competition without pricedvantage 760 96.6 957 963 936 80.7 532 1000 388 1000 83.1
Photonics

Quality competition and quality advantage 12 202 28 88 21 95 00 68 61 109 6.8
Quality competition without quality advantage 208 1.3 12 08 07 0.7 103 06 04 00 3.7
Price competition and price advantage 380 149 317 217 261 108 73 70 57 64 170
Price competition without price advantage 401 636 644 687 711 790 824 857 878 827 725
Advanced Materials
Quality competition and quality advantage 261 150 294 273 254 288 221 255 267 231 249
Quality competition without quality advantage 109 94 125 133 6.2 107 61 62 41 128 9.2
Price competition and price advantage 375 511 311 294 344 307 399 379 333 341 359
Pricecompetition without price advantage 255 245 270 301 340 299 318 303 359 300 29.9
AMT for other KETs
Quality competition and quality advantage 516 632 569 602 541 574 551 848 791 809 64.3
Quality competition without quality advantage 04 00 09 00 00 00 00 00 00 00 01
Price competition and price advantage 418 306 37.7 334 257 328 146 105 160 84 251
Price competition without price advantage 62 62 45 64 202 98 303 47 49 107 104
SourceCOMTRADE Databa#W calculations.

North America shows significantly different positions for its exports inrklafed products Table5.13). In
micro- and nanoelectraics, the majority of North American exports are based on quality advantages in markets
with quality competition. This result is ordpservablauntil 2006, however, since no more recent data is available
for this KET. In nanotechnology and photonics, als&upercent of North American exports are in products facing
quality competition, and most of these exports can exploit quality advantages. In the other threaritia$sial
biotechnology, advanced materials and AMT for other KEN@rth American expes are focused on products
that are primarily in price competition on international markgtsough, most of these products can build upon
price advantages \&vis their competitors.

North America was able to increase the share of exports based onygualtitpetition and quality advantage in
nanotechnology while the share of this categary total KET exports tended to decrease in industrial
biotechnology and AMT for other KETs.

Most of East A sgdagd moduets take placs in marketsadhdierised by price competition
(Tableb.14). Exports of products facing quality competition account for only 10 percent (photonics) to 30 percent
(micro-/nanoelectronics) of all exports in the respective KET. In most KETs, East Asia can build upon price
advantages. These are particularly strong in industrial biotechnglaggtonics and AMT for other KETs and
substantial in nanotechnology and advancedterials. Interestingly, micrnanoelectronics exports of East Asia

do not rely on price advantages since export unit values are higher than import unit values in most products in
this KET area. This astonishing result may point to the fact that thduptocodes considered are not
homogenous but include products at different stages of the production chain.
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Table5.13 - Type of competition in trade with KEfielated products 2002 to 2011 in North America

2002 2003 2004 2005 200€ 2007 2008 200¢ 201C 2011 av.
Industrial Biotechnology
Quality competition and quality advantage 374 6,7 6,1 23,3 151 17,1 0,0 16,3 0,0 0,0 12,2
Quality competition without quality advantage 64 215 198 03 0,2 0,7 02 01 93 105 69
Price competition and price advantage 51,3 66,3 68,6 50,2 54,0 48,8 73,5 55,7 63,2 63,3 59,5
Price competition without price advantage 49 55 55 26,1 30,7 334 26,3 27,8 27,5 26,2 21,4
Nanotechnology
Quality competition and qualitgdvantage 45,1 37,3 39,1 72,9 59,3 55,2 26,4 48,8 77,6 79,1 54,1
Quality competition without quality advantage 01 00 25 00 00 00 00O 00 00 14 04
Price competition and price advantage 10,5 15,8 13,8 10,6 12,9 17,7 594 33,7 85 6,8 190
Pricecompetition without price advantage 443 46,9 44,6 16,5 27,8 27,1 14,2 175 13,9 12,7 26,5
Micro- and Nanoelectronics*
Quality competition and quality advantage 21.1 80.0 96.1 96.2 96.3 n.a. na. na. na. na. 77.9
Quality competition without qualitpdvantage 00 00 00 00 00 na na na na na 00
Price competition and price advantage 21 17 39 38 37 na na na na na 26
Price competition without price advantage 76.8 183 0.0 00 0.0 na. na na na na. 195
Photonics
Quality competition and quality advantage 36.8 40.3 49.7 48.6 51.7 475 34.6 36.6 61.7 0.0 40.8
Quality competition without quality advantage 11 1.7 83 5.0 40.3 19.7 19.1 194 17.7 180 15.0
Price competition and price advantage 26.0 23.0 39.2 345 53 17.9 394 37.2 16.0 77.8 31.6
Price competition without price advantage 36.2 350 2.8 12.0 2.7 150 7.0 6.8 47 42 126
Advanced Materials
Quality competition and quality advantage 31.7 25.8 23.8 29.9 264 249 26.8 31.2 27.3 249 273
Qualitycompetition without quality advantage 65 62 61 83 39 32 70 41 52 64 57
Price competition and price advantage 43.5 48.6 53.6 45.6 53.8 55.9 53.4 52.9 54.7 575 52.0
Price competition without price advantage 18.2 19.2 16.4 16.2 159 154 12.6 11.6 125 11.1 14.9
AMT for other KETs
Quality competition and quality advantage 324 242 35.1 46.0 32,5 12.8 13.5 34.1 21.2 18.0 27.0
Quality competition without quality advantage 65 40 54 54 45 00 20 00 37 03 32
Price competition angbrice advantage 35.1 38.0 44.7 30.8 42.6 61.7 744 412 59.0 60.4 48.8
Price competition without price advantage 26.0 33.2 149 178 20.3 179 54 180 9.2 150 17.8

Note: * Missing basic data prohibit plausible calculations for 2007 to 2011.
SourceCOMTRADE Database. NIW calculations.

East Asia was not able to expand exports of-iafed products that are based on quality competition and
quality advantage. In contrast, the share of exports in this product category decreased in industrial bitigghno
and in nanotechnology, and there is also a downward trend in advanced materials and AMT for other KETS.

TheELR 8’ s favourable performance in quality competiti on
Austria, even though Sweden, Franttee UK and-in recent years also Hungary show substantial advantages

in quality competition in this KET aréapleb.13andTable5.14). On the other hand, the exports by Italy, Poland,

the Czech Republic and Belgium successfully focus on products featuring price competitio

Concerning industrial biotechnology, only Denmark and Sweden predominantly compete in quality competition
with most of their exports realizing both higher prices and higher export volumes. In contrast, all other selected
European economies primarily ey price-sensitive products; only Austria and Hungary predominantly exhibit
advantages in this form of competition.

In the field of nanotechnology related products, only Belgium, Italy and the Netherlands as well as the Czech
Republic and Hungary effeatily compete in quality competition. The Netherlands, Germany and Sweden
successfully gain focus on prisensitive exports. However, it has to be considered that the corresponding trade
values and volumes are rather small in this KET area.

In advanced mateéals only Belgium significantly departs from the-ER&Jmean. Only there, the majority of
exports are based on quality advantages. The other selectecblhblkries assert their position on international
markets in price competition, most of them (with th&aeption of Sweden, Denmark, Italy and UK) being able to
predominantly realize price advantages.
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Concerning photonics, it is Denmark that differs significantly from the mean, competing successfully in quality
competition. Furthermore, a notably high shasEGerman exports is based on quality advantages, even though
the majority of German exports are focused on markets that are primarily in price competition which is also valid
for all other Elcountries. Within this group, only Sweden, the Czech Repubtidfungary show comparably

high shares of photonics exports featuring price advantages.

In micro and nanoelectronics all E€buntries, among them particularly the large economies, compete mostly

in price competition on international markets without beingle to attain significant price advantagesxcept

for the Czech Republic. This explains why most of thedtidtries have more and more backed out of the

mar kets for those products. Remar kable is téandt al t he
Pol and’ s e x-pandr naroelectrbnic mroduatsoare facing quality competition, they cannot realize

quality advantages.

|
Table5.14 - Type of competition in trade with KEfielated products 2002 to @11 in East Asia

2002 2003 2004 2005 200€ 2007 200€ 200S 201C 2011 av.
Industrial Biotechnology

Quality competition and quality advantage 02 195 93 204 85 86 16 14 01 17 71
Quality competition without quality advantage 153 120 109 54 46 125 84 48 52 47 84
Price competition and price advantage 589 495 747 685 811 790 854 861 948 936 772
Price competition without price advantage 256 190 51 58 59 00 46 77 00 00 74
Nanotechnology
Quality competition andjuality advantage 00 65 152 78 7.1 00 00 05 03 98 47
Quality competition without quality advantage 0.1 29.7 315 218 225 11.7 99 9.8 103 8.1 156
Price competition and price advantage 25.8 20.5 42.3 47.8 47.9 825 84.1 83.6 83.0 82.1 60.0
Price competition without price advantage 741 43.2 11.0 225 226 57 6.1 6.2 6.4 0.0 19.8
Micro- and Nanoelectronics
Quality competition and quality advantage 15 21 00 16 15 00 0.0 00 0.0 0.0 0.7
Quality competition without quality advantage 0.0 0.0 2.8 29 26 55.2 57.1 56.9 524 55.9 28.6
Price competition and price advantage 00 00 17 00 00 00 0.0 0.0 476 441 93
Price competition without price advantage 98.5 97.9 955 955 959 448 429 431 0.0 0.0 614
Photonics
Qualitycompetition and quality advantage 1.7 11 07 159 04 03 02 02 10 01 22
Quality competition without quality advantage 67 19 17 618 14 11 10 09 09 10 79
Price competition and price advantage 63.7 46.9 345 22.2 98.2 98.6 98.8 98.9 98.1 98.9 75.9
Price competition without price advantage 279 50.0 631 00 0.0 00 00 00 0.0 0.0 141
Advanced Materials
Quality competition and quality advantage 135 12.7 23.6 23.0 147 29 115 48 50 16.1 12.8
Quality competition without qualitpdvantage 17.2 169 86 6.4 82 152 115 143 6.8 10.1 115
Price competition and price advantage 43.0 44.2 37.0 42.6 50.3 65.2 58.8 61.5 64.4 58.1 525
Price competition without price advantage 26.3 26.1 30.7 28.1 26.8 16.8 18.2 19.4 23.8 15.7 23.2
AMT for other KETs
Quality competition and quality advantage 18.0 18.1 10.5 10.1 33.8 22.7 8.3 195 6.6 7.5 155
Quality competition without quality advantage 124 17.1 135 151 84 41 36 54 25 35 86
Price competition and price advantage 54.1 55.4 60.9 58.0 27.4 63.2 79.7 67.0 85.9 86.8 63.8
Price competition without price advantage 156 9.4 152 16.8 304 10.0 84 8.0 49 23 12.1

Source COMTRADE Database. NIW calculations.
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Table5.15 - Type of competition in trade with KETielated products in Germany, France, United Kingdom,

Italy, the Netherlands, and Belgium (2002 to 2011 average)

Germany  France United Iltaly  Nether Belgium
Kingdom lands
Industrial Biotechnology
Qualitycompetition and quality advantage 205 0.0 0.8 20.1 19.0 10.3
Quality competition without quality advantage 0.4 173 281 79 12 29
Price competition and price advantage 195 218 35.6 20.6 25.9 138
Price competition without price advantage 59.6 60.8 355 514 50.7 73.0
Nanotechnology
Quality competition and quality advantage 154 183 186 492 39.6 54.5
Quality competition without quality advantage 0.7 283 13 0.0 0.5 0.5
Price competition and price advantage 55.8 127 321 30.7 492 25
Price competition without price advantage 281 40.6 48.0 6.8 9.7 426
Micro- and Nanoelectronics
Quality competition and quality advantage 0.5 0.0 0.0 0.0 294 35
Quality competition without quality advantage 134 0.0 8.7 4.4 0.0 2.2
Pricecompetition and price advantage 5.2 418 153 13 336 8.6
Price competition without price advantage 80.9 58.2 76.0 94.3 27.0 85.7
Photonics
Quality competition and quality advantage 38.0 5.4 25.7 5.1 6.2 3.7
Quality competition without qualitadvantage 0.0 26.6 4.9 20.3 8.3 220
Price competition and price advantage 119 133 314 330 180 20.2
Price competition without price advantage 50.0 494 38.0 415 57.1 53.7
Advanced Materials
Quality competition and quality advantage 344 20.9 291 173 36.1 52.7
Quality competition without quality advantage 2.8 8.3 5.8 116 2.8 25
Price competition and price advantage 39.2 441 324 35.8 438 275
Price competition without price advantage 23.6 26.3 313 35.3 159 17.3
AMT for other KETs
Quality competition and quality advantage 74.8 43.9 454 29.8 29.6 105
Quality competition without quality advantage 0.0 0.8 1.0 29 31 8.3
Price competition and price advantage 223 20.7 185 66.5 36.0 25.6
Price competition without price advantage 29 341 351 0.8 304 55.5

SourceCOMTRADE Database. NIW calculations.
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Table5.16 - Type of competition in trade with KEfielated products in Denmark, Austria, Sweden, Poland,

Czech Republic, and Hungary (2002 to 2011 average)
Denmark  Austria Sweden  Poland Czech Hungary

Republic
Industrial Biotechnology
Quality competition andjuality advantage 95.4 6.9 55.7 0.2 0.0 16.4
Quality competition without quality advantage 0.7 6.0 59 43.4 38.3 7.8
Price competition and price advantage 0.1 68.8 0.0 0.1 6.6 48.5
Price competition without price advantage 3.9 18.2 37.6 56.3 54.9 23.8
Nanotechnology
Quality competition and quality advantage 19.6 0.0 15.8 0.0 42.6 90.6
Quality competition without quality advantage 8.6 5.0 10.0 39.1 21.2 6.7
Price competition and price advantage 0.3 14.4 64.0 0.0 31.6 0.5
Price competition withouprice advantage 715 80.6 9.7 60.9 4.1 1.0
Micro- and Nanoelectronics
Quality competition and quality advantage 1.2 4.9 2.1 0.0 0.0 0.0
Quality competition without quality advantage 40.7 5.9 40.0 55.7 26.8 27.0
Price competition and price advantage 20.3 2.4 211 4.6 61.9 13.9
Price competition without price advantage 37.9 86.8 36.8 39.7 9.7 59.0
Photonics
Quality competition and quality advantage 61.4 21.6 19.8 0.0 0.0 0.0
Quality competition without quality advantage 5.0 6.6 0.7 24.5 294 21.3
Price competition and price advantage 4.4 38.3 50.5 23.6 49.7 60.5
Price competition without price advantage 29.3 334 28.9 48.2 15.6 18.1
Advanced Materials
Quality competition and quality advantage 133 122 175 130 20.2 225
Quality competitionwithout quality advantage 113 9.6 129 189 135 85
Price competition and price advantage 36.7 53.5 26.1 54.0 50.5 52.1
Price competition without price advantage 38.7 24.6 43.4 13.9 15.7 16.7
AMT for other KETs

Quality competition and qualitgdvantage 29.1 50.5 46.1 9.4 155 34.9
Quality competition without quality advantage 3.3 2.4 1.9 17.2 5.2 14.0
Price competition and price advantage 56.3 33.0 39.2 64.3 69.4 47.5
Price competition without price advantage 11.3 14.2 12.5 9.0 9.9 3.4

SourceCOMTRADE Database. NIW calculations.

5.5.LINK BETWEEN PATENT IAND THE TECHNONGE®ODNTENT OF EXPORTS

For analysing the link between patenting in a certain KET and the technology content of exgterts jqtensity

(the number of patent applicationger populationisr e gr essed on a country’'s | evel
section5.) whil e controlling for <count retrerdds. Rate thatahereisunt r y’
only one data point per time, country and KET for patent intensity while there are several data points for unit
values, depending on the number of different Kielated products considered for each KET (Balele8.1). Since

unit values of exports vary considerable between the individuati€laTed products within each KET, reflecting

different stages in the value chain awlifferent technical features of production, it is difficult to explain the

variation in unit values by patent intensity and other courspecific variables. As a consequence, standard
measures of model fit for regression models such as adjustqueform weak. This is no limitation for this

analysis, however, since the purpose is not to explain the level of unit values-oél&t€d products, but rather

to investigate whether the (lagged) patent activity has a statistically significant effect on tHefeasgort unit

values in a crossountry comparison. The hypotheses to test is hence whether countries that invested more in

the production of KET patents can gain from a higher technology content of their exports.

The results of OLS regressions revieat there is indeed a positive link between patent intensity and export unit
values. Across all six KETs, patent intensity by KET has a statistically significant influence on the level of unit values
of exports in KEfelated products in the following ye#&Table5.17). An increase in patent intensity by 10 percent

143



is associated with an increase in unit values of 1.2 perté@ountry size has a negative impact on unit values
while countries with a higher overall productivity level (which reflects the quality of infrastructure) show higher
unit values. There is a clear time trend in unit values which was temporarily interrip®2@D9 and 2010 when

the economic and financial crisis caused unit values to drop.

The main findings also hold when only the-B&Jcountries are considered. For the EU, the link between patent
intensity and unit values of exports is of similar magnitaddor the entire set of countries. A 10 percent increase

of patent intensity would transfer into an increase of export unit values by 1.0 percent. Negative country size
and positive productivity effects also hold for the -8l Unit values of ER8 counties did increase at a
somewhat higher pace than in the entire group of countries, which partially reflects the revaluation of the Euro
against the US Dollar in the period considered

_____________________________________________________________________________________________________________________________________________________|
Tableb5.17 - Effect of patent intensity on export unit values, all KETs: results of panel OLS regressions

dependent variable: In(UY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT,), allKETpatents 0.116 **= 0.004 0.100 *** 0.005
In(GDP) -0.078 *** 0.004 -0.092 *** 0.006
In(GDP/cap) 0.085 *** 0.006 0.104 *** 0.008
Year dummies (reference: 2002)
2003 0.138 *** 0.027 0.163 *** 0.032
2004 0.239 *** 0.027 0.284 *** 0.032
2005 0.283 *** 0.027 0.318 *** 0.032
2006 0.359 *** 0.027 0.395 *** 0.033
2007 0.453 *** 0.027 0.524 *** 0.032
2008 0.584 *** 0.027 0.629 *** 0.032
2009 0.520 *** 0.027 0.546 *** 0.032
2010 0.516 *** 0.207 0.542 *** 0.032
2011 0.636 *** 0.027 0.668 *** 0.032
Constant 2.019 *** 0.040 2.090 *** 0.059
No. ofobservations 80,627 56,449
Rsquared adjusted 0.035 0.028

Note: *** ** *: estimated coefficients significant at the 1%5%, 10%level.
SourceCOMTRADE and Patstat. ZEW and NIW calculations.

The positive link between lagged patent intensity and unit values can be found for each KEEmpHuoe of
patenting on technology content of exports is greatestiMT for other KET& 10 percent increase in patenting
results in a 2.4 percent increase initvalues, sedable5.23) and micre/nanoelectronics (2.3 percent increase,
Table5.20). In industrial biotechology, the elasticity of unit values on patent intensity is 1.5 percEable5.18),

in nanotechnology 1.4 percentéble5.19), in advanced materials 1.0 perceiaple5.22) and in photonic$.8
percent Tableb.21).

These results also hold if one only looksE&a#28 countries. For three KETS, the link between patenting and
technology cotent of exports is stronger in thEU28as compared to all 39 countries consideredhis analysis

In micro/nanoelectronics, a 10 percent increase in patent intensity results in a 2.7 percent increase in export
unit values in theEU28. In photonics, lte elasticity in theeU28is 1.0 percent and in industrial biotechnology

1.6 percentin AMT for other KETS, tlieJ28 countries report the same elasticity for patenting as the total group

of countries. In nanotechnology and advanced materials, elasti€ipatenting in theEU28is somewhat lower

(0.9 and 0.8 percent increase of export unit values, respectively).

Some interesting results emerge when the effects of patenting by subfields on the technology content of exports
are considered (see the loweags of the tables). In industrial biotechnology, the impact of patenting on the

117 Note that the number of patents has been added by one for each country to avoid missing values for countries withoutraracaity
in acertain KEBfter logarithmic transformation of data. In addition, the 2 percent largest values of export unit values were set to.missing
Sensitivity analysis showed that smaller or largeraffipoints for extreme values (1 or 3 percent) produce almost identésallts.
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technology content of products comes entirely from the subfield of enzymes while patenting in the subfield of
proteins has even a negative effect on export unit values. Titer ldoes not hold folEU28 countries, however.

In nanotechnology, nan@analytics and nanoptics drive the impact of patenting on technology content. For
Europe, no significant effects for any subfield can be found, owing to the small number of patigity ger
subfield. In micre and nanoelectronics, effects of patenting by subfields vary between the total group of
countries and Eidountries. While for the totabroup, semiconductor patenting has the largest impact on
products’ technology content, t hEU28 The tedchrology coaténtol e vi ce s
photonics products is mainly positively affected by patenting in the subfields of laseneasliring, while there

is a negative effect of patenting in lighting and osEmiconductors. In advanced materials, only three subfields
are relevant to explain the technology content of products (electronics, macrostructures and layers). In AMT,
patenting in four of the six subfields exeid positive impact on technology content of products while patenting

in the subfields of controlling (incl. AMT for nanotechnology) and AMT for photonics contributes to lower export
unit values.

The effects of countryize and productivity levels are ambiguous. Larger countries tend to have higher
technology contents of KE€lated products in nanotechnology, mircand nanoelectronics, photonics and AMT

for other KETs while country size has a negative effect on exmitrtvalues in advanced materials and an
insignificant one in industrial biotechnology. For 8828, country size effects oftebehavein a different way,
however. A positive impact of country size can only be found for industrial biotechnology anahé&teclanology

while smaller countries tend to have higher technology content of exports in advanced materials. For all other
KETs, no significant country size effects withinEk28 emerge.

Overall productivity, measured by GDP per capita, is negatigklied to the technology content of products in
most KETs, namely nanotechnology, mifranoelectronics, photonics and AMT for other KETs. This finding
implies that less productive countries tend to speciailis@ore sophisticated or more complex prodsadh these
KETs. One couldterpret this result as an attempt of countries with some lag in overall productivity to focus
their catchingup activities on the field of KETsdustrialbiotechnology and advanced materials report a positive
impact of overdlproductivity levels on technology content.

.____________________________________________________________________________________________________________________________________|]
Table5.18 - Effect of patent intensity on export unit values in industrial biotechnology: results of panel OLS
regressions

dependent variable: In(QY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT.4), all industrial biotechnology patents 0.149 *** 0.020 0.161 *** 0.027
In(GDP) -0.018 0.018 0.061 ** 0.027
In(GDP/cap) 0.041 * 0.026 -0.039 0.039
Year dummies (reference: 2002)
2003 0.227 * 0.119 0.209 0.147
2004 0.201 * 0.118 0.169 0.146
2005 0.169 0.118 0.169 0.146
2006 0.184 0.118 0.219 0.146
2007 0.319 *** 0.118 0.317 ** 0.144
2008 0.377 *** 0.119 0.355 ** 0.146
2009 0.381 *** 0.118 0.379 *** 0.145
2010 0.405 *** 0.119 0.422 *** 0.146
2011 0.478 *** 0.118 0.580 *** 0.145
Constant 1.526 *** 0.175 0.844 *x* 0.258
No. of observations 3,914 2,709
Rsquared adjusted 0.027 0.021
In(PINT-1), subfield of enzymes 0.164 *** 0.031 0.190 *** 0.039
In(PIN.1), subfield of proteins -0.173 *** 0.061 0.019 0.094
In(PINT.1), subfield other 0.067 0.044 -0.063 0.056

Note:***, ** *: estimated coefficients significant at the 1965%, 10%level.
SourceCOMTRADE and Patstat. ZEW and NIW calculations.
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.____________________________________________________________________________________________________________________________________|]
Table5.19 - Effect of patent intensity on export unit values in nanotechnology: results of panel OLS regressions

dependent variable: In(UY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT.4), all nanotechnology patents 0.136 *** 0.019 0.090 *** 0.022
In(GDP) 0.112 *** 0.024 0.168 *** 0.029
In(GDP/cap) -0.054 ** 0.016 -0.110 *** 0.020
Year dummies (reference: 2002)
2003 0.257 ** 0.111 0.326 ** 0.134
2004 0.414 *x* 0.110 0.497 *x* 0.132
2005 0.285 ** 0.110 0.363 *** 0.134
2006 0.356 *** 0.110 0.453 *x* 0.133
2007 0.428 *** 0.111 0.535 *** 0.134
2008 0.558 *** 0.111 0.647 *** 0.134
2009 0.588 *** 0.111 0.686 *** 0.133
2010 0.626 *** 0.111 0.707 *** 0.133
2011 0.771 *** 0.112 0.855 *** 0.134
Constant 1.148 *** 0.165 1.547 *** 0.235
No. of observations 3,186 2,192
Rsquared adjusted 0.059 0.046
In(PINT3), subfield of naneanalytics 0.116 ** 0.055 0.054 0.077
In(PINT.4), subfield of nandbiotechnology -0.060 0.055 0.024 0.076
In(PINT.4), subfield of naneelectronics/magnetics -0.009 0.055 -0.033 0.063
In(PINT3), subfield of nananaterials 0.071 0.061 0.108 0.072
In(PINT.4), subfield of naneptics 0.102 * 0.061 0.040 0.081
In(PINT.3), subfieldof nanostructures -0.067 0.043 -0.104 0.066

Note: *** ** *: estimated coefficients significant at the 1%5%, 10%level.
SourceCOMTRADE and Patstat. ZEW and NIW calculations.

_____________________________________________________________________________________________________________________________________________________|
Table5.20 - Effect of patent intensity on export unit values in mic#manoelectronics: results of panel OLS
regressions

dependent variable: In(QY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT.4), all micre/nanoelectronics patents 0.228 *** 0.026 0.270 *** 0.030
In(GDP) 0.109 *** 0.026 -0.012 0.036
In(GDP/cap) -0.104 *** 0.037 -0.062 0.052
Year dummies (reference: 2002)
2003 0.058 0.181 0.010 0.205
2004 0.163 0.181 0.222 0.205
2005 0.044 0.179 0.097 0.203
2006 0.106 0.199 0.117 0.203
2007 0.214 0.200 0.208 0.219
2008 0.425 ** 0.197 0.435 ** 0.222
2009 0.312 0.197 0.492 ** 0.219
2010 0.555 *** 0.191 0.536 ** 0.216
2011 0.652 *** 0.191 0.663 *** 0.219
Constant 4.203 *** 0.277 5.491 *** 0.362
No. ofobservations 1,211 887
Rsquared adjusted 0.090 0.104
In(PINT.4), subfield of devices 0.117 0.089 0.232 ** 0.096
In(PINT.3), subfield of semiconductors 0.241 *** 0.060 0.079 0.069
In(PINT.4), subfield testing/amplifiers/nano
electronics -0.156 * 0.090 0.117 0.110

Note: *** ** *: estimated coefficients significant at the 1%5%, 10%level.
SourceCOMTRADE and Patstat. ZEW and NIW calculations.

_____________________________________________________________________________________________________________________________________________________|
Table5.21 - Effect of patent intensity on export unit values in photonics: results of panel OLS regressions

dependent variable: In(UY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT,4), all photonics patents 0.080 *** 0.012 0.097 *** 0.015
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In(GDP) 0.027 ** 0.011 -0.017 0.016
In(GDP/cap) -0.027 * 0.016 -0.010 0.024
Year dummies (reference: 2002)

2003 0.182 ** 0.078 0.233 ** 0.097
2004 0.146 * 0.078 0.194 0.097
2005 0.126 0.078 0.157 0.097
2006 0.268 *** 0.079 0.269 ** 0.098
2007 0.331 *=** 0.078 0.335 *** 0.097
2008 0.340 *** 0.078 0.393 *** 0.097
2009 0.390 *** 0.078 0.433 *x* 0.097
2010 0.292 *x* 0.078 0.333 *x* 0.097
2011 0.310 *** 0.078 0.325 ** 0.097
Constant 4.320 *** 0.115 4,764 *** 0.167
No. of observations 4,256 3,024
Rsquared adjusted 0.021 0.028
In(PINT.4), subfield of devices -0.009 0.039 0.027 0.051
In(PINT.2), subfield of electroroptics -0.049 0.038 -0.024 0.050
In(PINT3), subfield of laser 0.188 *** 0.039 0.202 *** 0.047
In(PINT.1), subfield of lighting -0.076 ** 0.031 0.012 0.039
In(PINT.4), subfield of measuring 0.113 *** 0.038 -0.024 0.057
In(PINT.3), subfield of optesemiconductors -0.112 *** 0.031 -0.100 ** 0.044

Note:***, ** *: estimated coefficients significanat the 1%, 5%, 10%level.

SourceCOMTRADE and Patstat. ZEW and NIW calculations.

Table5.22 - Effect of patent intensity on export unit values in advanced materials: results of panel OLS

regressions

dependent variable: In(QY Total EU28
Coefficient Std.dev. Coefficient Std.dev.
In(PINT.2), all advanced materials patents 0.095 *** 0.004 0.080 *** 0.005
In(GDP) -0.071 *x* 0.004 -0.086 *** 0.006
In(GDP/cap) 0.087 *** 0.006 0.108 *** 0.008
Yeardummies (reference: 2002) rkk
2003 0.124 *x* 0.029 0.140 *** 0.035
2004 0.247 *** 0.029 0.277 *** 0.034
2005 0.312 *** 0.029 0.329 *** 0.034
2006 0.394 *** 0.029 0.418 *** 0.034
2007 0.506 *** 0.029 0.552 *** 0.035
2008 0.617 *** 0.029 0.639 *** 0.035
2009 0.553 *** 0.029 0.570 *** 0.034
2010 0.554 *** 0.029 0.573 *** 0.034
2011 0.690 *** 0.029 0.713 *x* 0.034
Constant 1.456 *** 0.043 1.547 *** 0.062
No. of observations 49,943 34,833
Rsquared adjusted 0.045 0.039
In(PINT.,), subfield of alloys 0.014 0.013 -0.006 0.016
In(PINT.4), subfield of coatings 0.013 0.017 -0.007 0.020
In(PINT4), subfield of composites -0.011 0.014 0.003 0.017
In(PINT,4), subfield of electronics 0.032 *** 0.011 0.086 *** 0.014
In(PINT.), subfield of layers 0.029 * 0.015 0.021 0.020
In(PINT4), subfield of macrostructure 0.039 *** 0.013 0.057 *** 0.016
In(PINT.,), subfield other/nanematerials 0.013 0.014 -0.020 0.017

Note: *** ** *: estimated coefficients significant at the 1%6%, 10%level.

SourceCOMTRADE and Patstat. ZEW and NIW calculations.

Table5.23 - Effect of patent intensity on export unit values in AMT for other KETSs: results of panel OLS

regressions

dependentvariable: In(U%)

Total

EU28
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Coefficient Std.dev. Coefficient Std.dev.
In(PINT.3), all AMT for other KETs patents 0.236 *** 0.239 *** 0.010
In(GDP) 0.031 *** -0.003 0.011
In(GDP/cap) -0.076 *** -0.000 0.016
Year dummies (reference: 2002)
2003 0.142 *x* 0.050 0.163 *** 0.060
2004 0.233 *x* 0.050 0.264 *** 0.060
2005 0.282 *** 0.050 0.341 *** 0.060
2006 0.355 *** 0.050 0.395 *** 0.060
2007 0.559 *** 0.050 0.670 *** 0.060
2008 0.683 *** 0.049 0.721 *x* 0.059
2009 0.636 *** 0.049 0.645 *** 0.059
2010 0.624 *** 0.049 0.645 *** 0.060
2011 0.654 *** 0.049 0.710 *** 0.060
Constant 2.175 *+* 0.074 2.291 *+* 0.106
No. of observations 11,037 7,704
Rsquared adjusted 0.124 0.130
In(PINT4), subfield of AMT for biotechnology 0.097 *** 0.025 0.039 0.031
In(PINT2), subfield of controlling/AMT  fo
nanotechnology -0.091 *** 0.020 0.037 0.029
In(PINT.3), subfield of instruments 0.047 ** 0.022 0.053 * 0.030
In(PINT3), subfield of AMT for materials 0.152 *** 0.021 0.107 *** 0.030
In(PINT.), subfield of AMT for photonics -0.061 *** 0.019 0.032 0.030
In(PINT.,), subfield of AMT for microelectronics 0.052 *** 0.019 0.061 ** 0.026

Note: *** ** *: estimated coefficients significant at the 1%5%, 10%level.

SourceCOMTRADE and Patstat. ZEW and NIW calculations.
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5.6. CONCLUSIONS
The analysis of the value chain position of Big¢28in the production and trade of KE&lated products showed
different results for the 6 KETTable5.24):

1 Inindustrial biotechnology Europe is specialised in products with high technology content, i.e. in products
with higher quality or at later stages in the production chain. Durireyghst decade, Europe was able to
further strengthen its position. Despite Europe’ s t
competition. However, Europe tends to have a price advantage in international trade in industrial
biotechnology prodcts which could point to a more efficient production. Patenting is a major driver for the
technology content of industrial biotechnology products.

1 Europe holds a rather unfavourable positionnianotechnology Technology content of most products is
lower than in the two main competitor regions and rather tends to decrease, indicating a specialisation in
|l ess complex products. Europe’'s exports in nanotech
to have price advantages for most of these expoRatenting is important to achieve a high technology
content of products; though, this effect is less pronounced in Europe compared to North America and East
Asia.

1 Micro- and nanoelectronicer e a KET area where Europe’s position
content of products is low and decreasing which is accompanied by strong price competition of exports and
no sign of a price advantage for Europe. To maintain the level of tdoby content, patenting is highly
important with an even stronger impact in Europe than in the other two regions. Patent activities in Europe
were not sufficient, however, to improve its trade position. In mi@od nanoelectronics it is important to
note that only basic products (integrated circuits) are considered, but not mi&nd nanoelectronics
contained in more complex products.

9 Inphotonics Europe shows a high and increasing technology content of its exports which primarily face price
competitio n . Most of Europe’s exports do not show a pri ceée
of patenting is | ower for the products’ technology ¢
Europe is specialised in rather highd productsin photonics while global markets are increasingly
characterised by price erosion.

1 Advanced materialshow a similar state as industrial biotechnology products in Europe. Technology content
is high and increasing f or aomopstition @ firivdd byrpdcp eompetitienx por t s
and Europe can build upon price advantages for most of its export products. Patenting is of subordinate
relevance for the technology content of products.

1 AMT for other KETis certainly the KET area for which &ue holds the most advanced position in production
and trade. Technology content of export is high and increasing and strongly based on patenting. Most of
Europe’'s exports compete in quality and Eutsotpe hol d
is fair to conclude that Europe is the leading region in this KET which is also confirmed by a high positive
specialisation and a high positive trade balance.
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_____________________________________________________________________________________________________________________________________________________|
Table5.24 - The position of theEU28 in the production and trade of KEElated products: summary overview

Industrial Nano-  Micro-/nano- Photonics Advanced AMT for
biotechnology technology electronics Materials other KET¢
Technology conten high and low, mostly low and high and high and high and
of exports increasing decreasing decreasing increasing increasing increasing
Type of  mostly price price price price price  mostly quality
competition competition, competition, competition, competition, competition, competition,
price mostly with no price no price mostly with quality
advantage price advantage advantage price advantage

advantage advantage
Impact of patenting moderate low high low low high

SourceZEW and NIW.
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CHAPTER €&ONCLUSION AND POLIPLICATICHN

Underlyingstudy has the aim to analyse the competitiveness of Europe in the global production db&d€ts
products by employing a value chain approach. Both qualitative and quantitative data are used to create insight
in the position of Europe in global value amaiThestudy clearlyshows that Europe holds a varying position in

the different KETS, but in general the increasing importance of Asia that has become a main producer of new
technological knowledge in KETs and that demonsgratkigher pace of market ahe gainscannot be ignored.

1. Alarge commercialization potential lies ahead usbut there are challenges

Gonsidering all Key Enabling Technologies (KETSs), a certain number of developments and applications are already
commercialized and make a real difénce in terms of commercial and social value. However, the majority of

the (scientific and) technological development, still needs considerable development and upscaling in order to
reach the marketFor Europe, this poses enormous opportunities and hetsame time major challenges with

respect to future R&D and innovation policy support priorities

9 Forindustrial biotechnology several promising technological developments and applications have been
identified such as bitbased polymers and enzymes. Witgard to the market potential, most platform
chemicals need further optimization in order to be produced at economically interesting rates. Bio
based polymers such as Hiased plastics have a major market potential, but few applications have
reached lage scale production yet. At the same time, enzymes, such as carbohydrases, proteases and
lipases, are increasingly used to perform chemical reactions in various industries. The emphasis is
currently put on improving the performance and stability in indizgdtconditions of enzymes, next to a
reduction of the production costs. In addition, biorefinery concepts can play an important role in the
utilization and conversion of biogenic raw materials and residues.

1 Photonicsis a key enabling technology that h@shnological developments and applications in many
industries such as in the photovoltaics, communication, display and lighting industry. Photovoltaic solar
panels have entered a third generation approach focused on lower costs and higher efficiency. In
addition, research is being conducted in the area of concentrated solar power systems such as the
parabolic trough concentrator. In the transportation of information arena, a huge challenge lies in
overcoming crosstalk between different data sources intipled mode/core fibres, next to a reduction
of energy consumption. Also the rise of organic light emitting diodes (OLEDS) is promising as displays
can be made thinner and less power consuming, while LEDs have the potential to reduce energy
consumption in lhe area of lighting. All these challenges could, and perhaps should, be reflected in
future European R&D and innovation priorities.

1 Micro- and nanoelectronicdevelopments and applications have diffused into almost all industries.
They play a crucial mlin the development of the information age. The introduction of multicore
processors offers potential in enhancing efficiency, as processing tasks can be well divided and
delegated, but it poses major challenges on the software side. Also in the cormpeiteory area, there
are continuous developments to reduce either size or power consumption, and/or to enhance
performance. In this regard, Resistive RAM and Spin Torque Ram are promising technologies for the
future. The More than Moore trend entails promigi applications in the area of continued integration
of functionalities.

1 Advanced Materialare at the basis of multiple value chains and strongly enable industrial innovation,
as they are the building blocks of most physical products. The significatightefeight materials is
largely driven by their role in achieving greater energy efficiency as for example it takes less energy to
accelerate a lighter object. Another promising area of research is focused on materials that are resistant
to harsh conditbns such as intermetallics. The availability and access to advanced material is crucial for
the further development of the European industry.

1 Nanotechnologyisessentiain many economic value chains, as it can be used to realize smaller, quicker,
more pover f ul or mor e intelligent?” intermedi at es
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significantly improved or even completely new functions (HLG Nano, 2010). Graphene and its rolled
equivalent carbon nanotubes are both very promising materials that ceelde for a variety of
applications. Their thin carbon structure gives them light weight, high strength and excellent electrical
properties. These properties have brought them at the forefront of scientific research across the globe.
Quantum dots are alsof interest because of their unique optical and electrical properties. However, as
nanotechnology develops rapidly, caution is warranted regarding associated health risks. Here there is
clearly also a societal challenges and responsibility that need tmlbeessed.

Advanced manufacturing technologiemnable technological innovations to be applied in various goods
and services. It involves both pure manufacturing techniques and supporting techniques for modelling
or simulation. Additive manufacturing entsipromising applications such as 3D printing, as it allows
straightforward manufacturing of complex geometries and uses only the material needed to produce a
product, thereby reducing waste compared to the traditional subtractive process of removingiatater
from solid blocks. In some applications it also reduces the need for large stocks. In addition, major
progress has been realized in the use of lithography and wafer size transitions. The transition to 450 mm
wafers will pose considerablghallenges inthe next years and seem to be essential for several future
developments, especially in relation to the semiconductor and associated industries.

2. Europehas astrong technological capacitya substantial production basejs specialised in (mature)
products with high technology content, butas to compete mainly omprice. Moving to the higher end of
the value chain is necessary.

Wh e n

| ooki ng a tinthe prodactiom ansl trapeoo$ KETsi (evaluated by 1) the tecigyotontent

of the manufactured goods, 2) type of competition faced, 3) link between new technological knowledge and
technology content of manufactured goods) we see thatdpe has both a strong technological capacity and a
substantial production base iall KETs. Europe is, in contrast to the emerging competitors from East Asia,
specialised on KE€lated products with high technology content. However, most of these products seem to be
rather mature since they mostly compete on prices and less on qualitgre are differences per KETs (see

below).

2.1.

Industrial biotechnologyhigh and increasing technology content of exports, and a price advantage

Inindustrial biotechnologyEurope is specialised in products with high technology content, i.e. in products

with
fu

higher quality or at later stages in the production chain. During the past decade, Europe was able to

rther strengthen its position. Despite Europe’s

competition. However, Europe tends to havepsice advantage in international trade in industrial
biotechnology products which could point to a more efficient production. Patenting is a major driver for the
technology content of industrial biotechnology products.

2.2.

Nanotechnologylow and decreasinggchnology content of exports but there is a price advantage

Europe holds a rather unfavourable positionnianotechnology Technology content of most products is
lower than in the two main competitor regiorfslorth America and East As&)d rather tendsa decrease,

i n

dicating a specialisation in |less complex product

prices, though Europe tends to have price advantages for most of these exports. Patenting is important to
achieve a high technology comtieof products; though, this effect is less pronounced in Europe compared
to North America and East Asia.

2.3.

Micro- and nanoelectronics low and decreasing technology content of exports amb price
advantage

Technology content of products is low and decreasing which is accompanied by strong price competition of
exports and no sign of a price advantage for Eurdpemaintain the level of technology content, patenting
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is highly important with an even strongenpact in Europe than in the other two regions. Patent activities
in Europe were not sufficient, however, to improve its trade positionmicro and nanoelectronics it is
important to note that only basic products (integrated circuits) are considered,nbtitthe micre and
nanoelectronics contained in more complex products.

2.4. Photonics:high and increasing technology content of exports anghidce advantage

In photonics Europe shows a high and increasing technology content of its exports which primarily face price
competitionMost of Europe’s exports do not show a price a
of patenting i s | owe rconfetthantiohneost ptheokEliscQ@ns rhay toectudenhatl o g y
Europe is specialised in rather highd products in photonics while global markets are increasingly
characterised by price erosion.

2.5. Advancedmaterials high and increasing technology content of exfie anda price advantage

Advanced materialshowa similar state as industrial biotechnology products in Europe. Technology content

is high and increasing for most of Europe’s exports
and Europe aa build upon price advantages for most of its export products. Patenting is of subordinate
relevance for the technology content of products.

2.6. Advancedmanufacturingfor other KETs: Europe is leading, high technology content of exports and a
clear quality advantage

Advanced manufacturinfpr other KETSs is certainly the KET area for which Europe holds the most advanced
position in production and trade. Technology content of export is high and increasing and strongly based on
patenting. Mo s t compete B gquality@rmed’ Esrope holgsoquatitysadvantages for most of its
export products. It is fair to conclude that Europe is the leading region in this KET which is also confirmed by
a high positive specialisation and a high positive trade balance.

Eurqp e ' s p ossmmarized nTabled.24.

A key challenge for European competitiveness policy is to bring European industry onto a competitive path that
stronger rests on more innovative and more complex products. In many KEW®thismean to focus on more
integrated technologies, including technologies that link several KETs. Such a product portfolio would promise a
shift of competitive pressure towards quality competition. In such an environment, EU industry could better
exploitits competitive advantages and create real value on several levels.

In order to make this shift (d@plradingQ possible, various approaches may be followed:

1 Improving the links between producers of basic technological elements with producers of compone
and final products

1 Srengthening crossertilisation of technology developments across KETs

1 Fostering and reinforcingthe development ofclusters along value chains in KETSs, including both
knowledge producers (such as universities and researchutesit and knowledge users

A strategy of moving European industry to the higher end of value chains in KETs can, but need not rest on a
strong base in each basic technological element within each KET. Policy should also consider the advantages of
global coperation in the development and deployment of new KETs and new applications of KETs. This could
mean, on the one hand, to cooperate with specialised technology suppliers from other global regions. On the
other hand, successful commercialisation of new laggtions often depends on cooperating with the right
customers in those markets that set future trends-¢sdled Lead Markets), and this paying sufficient attention

to the demand side. It can be more beneficial for European industry to commercialis€E€svabroadeven if
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parts of the production will move to dynamic markets abrodtian to focus on European markets with less
promising longterm perspectives.

Moving up to the higher end of the value chain is at the same time enormously complex alehgimg). While
monitoring the developments in the entire value chains, it is equally important to focus on promising segments
and the value chains of these segments. This is amply confirmed by the analysis of the two promising KETs
products that have beeanalysed.

3. B22YAY3d Ayid2 LINRPYAAAY3I YO9¢ LINPRdAzOG asS3avySydaay | adGhkN

On the basis of the analysis of the value chains of two selectedi$iS@d products, namely lipase enzymes
(industrial biotechnologyand the accelerometefmicro- and nanotechnology)a qualitative assessment has

been made of the strength of Europe in these two selected value chains and in particular segments of these value
chains. The value chain decomposition allows identifying agleplayers in the different phases of the value
chain.Based upon the location of these players, an assessment can be made on the importance of European
companies in these KETs areas by looking at their activities and financial performance.

Although precse figures on the value added captured by European companies are lacking (due to confidentiality
issues and the lack of insight into the share of valued added of a particular KET in the overall valued added of a
company) the obtained results shows tHatrope is a key player in the area of lipase enzymes and the global
enzyme market. Europe also has a solid position in theprnducers segment of the accelerometer, as some
European companies grasp a significant share of the automotive and consumer ntexkeharkets where
accelerometers are applie@ompetition is nevertheless strong, especially in the foundry segment.

It is interesting to note that although the general position of Europe in the emtilro- and nanotechnology
value chain is weak (cfugra), the position of Europe with respect to the value chain of the accelerometer
(segment inside micrand nanotechnology) is good. This suggests that even if the overall position in a particular
KET is not optimal, there may always be segments (egistinewly emerging) where Europe has a good position,
and where active policy support can make a difference on the longelttrisimportant to observe and monitor

these specificsegments closelythrough the future KETs Observatorydand act in time inorder to stay ahead

of the (increasing competition. A focused and intensified policy in this respect may on the longer run lead to
Europe climbingup in the global KETs value chains.
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CHAPTER &PPENDIX

8.1.LIST OF INTERVIEWEES
For the value chain analysis, following persons were interviewed:

Andreas WildExecutive DirectofENIACoint Undertakiny

Alun FosterRrogramme ManageARTEMIS Joint Undertaking

Volkert Claassen/{cePresident Strategy and GrowtbhSM)

David RozzelD(rector,Sustanable Chemistry Solutions, Inéuthor, www.bio-catalyst.cony

=A =4 -4 =

The value chain decomposition was done with the help of experts from the Catholic University of Leuven and Bio
Base Europe.
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8.2.LIST OF PRODUCT C®DEED IN THE ANAISYS

|
Table8.1¢ Product Codes used fdrade data analysis (Prodcom-@igit)

Industrial
Biotech
nology

Nano-
technology

Micro-/
nano-
electronics

Photonics

Advanced Materials

AMT for
other KETs

20.14.32.7
1
20.14.34.7
3
20.14.42.9
0
20.14.64.7
0
20.30.22.7
3
20.59.59.5
7
21.10.20.1
0
21.10.20.2
0

20.11.12.90
20.12.21.60
20.12.23.30
20.13.21.30
20.13.52.90
20.14.13.25
20.14.61.50
20.14.64.30
20.30.11.50
20.30.12.90
20.30.21.70
20.30.22.73

20.30.22.79
20.59.54.00

26.11.30.03

26.11.30.06

26.11.30.23

26.11.30.27

26.11.30.34

26.11.30.54

26.11.30.65

26.11.30.67

26.11.30.80
26.11.30.91

26.11.22.20
26.11.22.40
26.11.40.70
26.51.53.30
26.51.53.50
26.60.11.30
26.60.13.00
26.70.22.30
26.70.23.30
26.70.23.90
26.70.24.30

26.70.25.00
28.41.11.10

13.96.11.00

13.96.12.00

20.12.21.10

20.12.21.20

20.12.21.50

20.12.21.60

20.12.24.15

20.12.24.19

20.12.24.40
20.13.21.30
20.13.21.50
20.13.22.35
20.13.22.37
20.13.22.60
20.13.24.13
20.13.24.15
20.13.24.33
20.13.24.53
20.13.24.55
20.13.24.60
20.13.24.73
20.13.24.75
20.13.24.77
20.13.31.10
20.13.31.30
20.13.31.50
20.13.31.70
20.13.43.10
20.13.43.20
20.13.43.40
20.13.43.90
20.13.65.00
20.13.68.00
20.16.40.13
20.16.40.15
20.16.40.20
20.16.40.30
20.16.40.40
20.16.40.50
20.16.40.62
20.16.40.64
20.16.51.30
20.16.51.50
20.16.53.90

20.16.54.50

20.16.54.90

20.16.55.50

20.16.55.70

20.16.56.30

20.16.56.50

20.16.56.70

20.16.57.00

20.17.10.50
20.17.10.90
20.30.21.30
20.30.21.50
20.30.21.70
20.51.11.30
20.51.11.50
20.52.10.60
20.52.10.80
20.59.41.55
20.59.41.57
20.59.41.75
20.59.41.79
20.59.53.00
20.59.54.00
20.59.55.50
20.59.55.70
20.59.55.80
20.59.55.90
20.59.56.20
20.59.56.30
20.59.56.40
20.59.56.50
20.59.56.60
20.59.56.70
20.59.57.40
20.59.57.50
20.60.12.20
20.60.12.40
20.60.12.60
20.60.22.00
22.19.20.13
22.19.20.19
23.12.12.10
23.12.12.30
23.12.12.50

23.12.12.70

23.14.11.10

23.14.11.30

23.14.11.50

23.19.25.00

23.44.12.10

23.44.12.30

23.65.12.20

23.99.11.00
23.99.14.00
23.99.15.00
24.10.12.15
24.10.12.30
24.10.12.45
24.10.12.60
24.10.12.75
24.10.12.90
24.10.12.90
24.10.14.10
24.10.14.20
24.10.23.21
24.10.23.22
24.42.21.00
24.44.21.00
24.45.21.00
25.50.20.20
26.80.13.00
27.20.11.00
27.90.13.30
27.90.13.50
27.90.13.70
27.90.13.90
27.90.20.20
27.90.20.50

26.51.52.39

26.51.52.71

26.51.53.81

26.51.62.10

26.51.62.55

26.51.65.00

27.90.31.18

27.90.31.45

27.90.31.54
27.90.31.90
28.14.11.20
28.14.11.40
28.21.12.70
28.21.13.51
28.21.13.53
28.21.13.55
28.21.13.57
28.25.11.50
28.29.11.00
28.29.12.70
28.29.31.30
28.29.39.10
28.29.41.00
28.29.60.30
28.29.60.50
28.29.60.90
28.29.70.90
28.29.82.20
28.29.82.50
28.29.86.00
28.91.11.30
28.91.11.53
28.91.12.30
28.94.11.00
28.99.20.20
28.99.20.40
28.99.20.60
28.99.39.45
28.99.51.00
33.13.11.20
33.20.11.00
33.20.33.00
33.20.39.00
33.20.60.00

SourceNIW/ZEW based on Van de Velde e(2013).
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Table8.2 ¢ Product Codes used for trade data analysis (Hdidft)

Industrial | Nanotech |Micro-/ Photonics |Advanced Materials AMT  for
Biotech nology nano- other KETs
nology electronics

291521 280300 854221 845610 280300 320490 390740 700719 840510
291814 290314 854229 854140 280461 320611 390750 700721 841780
291815 291250 854260 854190 280469 320619 390760 700729 841940
292221 294200 854890 900510 280610 320710 390810 701911 841960
292229 320210 (HS 2002) | 901190 280620 320720 390890 701912 841989
292231 320420 901320 280910 320730 390910 710410 842129

292239 | 320730 854231 901380 280920 320740 390920 710420 842191
292241 | 320740 854232 901390 281000 340311 390930 720211 842199
292242 | 320910 854233 901820 281111 340319 390940 720221 842320
292243 | 380210 854239 902221 281119 340391 390950 720229 844400
292244 | 381400 (HS 2007) | 902229 281122 340399 391000 720230 844511

292249 902730 281210 350520 400211 720241 844512
292250 902750 281290 350610 400219 720249 844513
350790 281310 350691 400220 720250 844519
381400 281390 350699 400231 720260 845410

281810 360100 400239 720270 845420
282612 360200 400241 720280 845430
282619 380110 400249 720291 845490
282630 380120 400251 720292 845510
282690 380130 400259 720293 845521
282720 380190 400260 720299 846820
282731 380210 400270 720450 846880
282732 380910 400280 720510 846890
282735 380991 400291 720521 848110
282739 380992 400299 720529 848610
282741 380993 400510 722410 848630
282749 381010 400520 722490 848640
282751 381090 400591 740610 851420
282759 381210 400599 740620 851430
282760 381220 540211 760310 851440
283620 381230 540219 760320 851519
283630 381511 540220 760410 851521
283640 381512 540310 850519 851529
283650 381519 560500 850610 851531
283660 381590 580900 850630 902410
283691 381700 681140 850640 903281
283692 381800 681280 850650
283699 382430 681291 850660
284610 382440 681292 850680
284690 390210 681293 853120
320411 390220 681299 854511
320412 390230 681320 854519
320415 390290 681381 854520
320416 390690 681389 854590
320417 390710 690912 854610
320419 390720 690919

320420 390730 700711
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SourceNIW.
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|
Table8.3 —Export unit values in nominal t$sand in PPP Wsby KET and triadic regi@d02 to 2011

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011| 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
EU28 Export Unit Value in US $ Export Unit Value in PPP US $
KET 1 Industrial Biotechnology 29 33 34 36 33 39 46 51 4,2 49| 32 32 31 33 3,1 3.4 3,9 4,5 3,9 4.4
KET 2 Nanotechnology 11 12 13 14 16 1.8 20 1,9 1,9 21 12 12 12 13 1,5 1,6 1,7 1,6 1,7 1,9
KET 3 Micro Nanotechnology 385 324 528 414 496 321 235 507 343 477| 432 312 474 384 471 282 196 446 319 427
KET 4 Photonics 85 97 100 88 80 80 70 56 38 31| 96 94 90 81 76 71 59 49 35 28
KET 5 Advanced Materials 1,3 15 17 19 20 21 24 2,2 2,2 25/ 15 15 16 1,7 1,9 1,9 2,0 1,9 2,1 2,2
KET 6 AMT 139 150 17,0 18,3 18,3 21,6 24,7 243 230 185| 156 144 153 170 17,3 190 206 214 214 165
North America Export Unit Value in US $ Export Unit Value in PPP US $
KET 1 Industrial Biotechnology 1,7 13 11 11 1.3 15 15 1,2 1,4 16| 1,7 13 11 11 1,3 15 1,5 1,2 1,4 1,6
KET 2 Nanotechnology 20 19 18 18 22 24 26 29 38 44 21 19 19 18 22 23 25 29 37 43
KET 3 Micro Nanotechnology 671 699 706 676 717 671 660 661 644 704 679 703 707 676 715 665 653 659 638 694
KET 4 Photonics 137 160 140 87 150 155 158 166 172 173| 140 161 141 87 149 153 156 165 170 169
KET 5 Advanced Materials 14 14 15 18 19 20 21 1,9 2,2 24 15 14 15 18 1,9 1,9 2,1 1,9 2,1 2,3
KET 6 AMT 18,1 20,3 205 154 20,8 234 26,7 31,1 31,0 29,5 188 20,7 20,7 154 206 23,0 26,3 309 305 28,8
East Asa Export Unit Value in US $ Export Unit Value in PPP US $
KET 1 Industrial Biotechnology 16 15 16 1,7 15 15 20 1,6 1,7 18| 2,7 26 28 30 2,7 2,6 3,1 2,6 2,6 2,5
KET 2 Nanotechnology 14 15 15 16 1,8 1,8 2.2 1,9 2,1 23| 21 22 22 24 2,6 2,7 3,0 2,7 2,7 2,8
KET 3 Micro Nanotechnology 682 689 732 744 821 1.058 992 1.011 1.136 1.306] 845 864 969 999 1.160 1.592 1.438 1.509 1.563 1.702
KET 4 Photonics 88 106 125 108 105 68 59 49 50 46| 101 143 187 174 166 108 92 79 74 63
KET PAdvanced Materials 14 15 16 18 20 21 24 2,0 24 29 21 22 24 27 2,9 3,0 3,4 2,7 3,1 3,6
KET 6 AMT 125 134 145 12,3 13,2 15,7 19,1 18,2 22,4 235| 143 149 16,1 146 17,0 19,2 225 22,7 24,3 24,1

SourceCOMTRADE Database, OECD Main Science and Technology Indicators. NIW calculations.
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Table8.4 -import unit values in nominal Usand in PPP Wby KET and triadic region 2002 to 2011

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011|2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
EU28 Import Unit Value in US $ Import Unit Value in PPP US $
KET 1 Industrial Biotechnology 17 23 26 28 25 34 35 33 31 36/ 19 22 23 26 23 30 29 29 29 32
KET 2 Nanotechnology 11 12 13 14 15 1,8 2,0 2,0 1,9 2,1 1,2 1,2 1,2 1,3 1,5 1,6 1,7 1,7 1,7 1,9
KET 3 Micro Nanotechnology 448 273 329 399 389 247 198 230 288 248 503 263 295 371 369 217 166 203 268 222
KET 4 Photonics 82 88 77 63 62 64 49 36 28 14 92 85 69 59 59 56 41 31 27 12
KET 5 Advanced Materials 12 14 17 18 19 2,1 2,4 2,0 2,0 24| 13 1.3 1,5 1,7 1,8 1,9 2,0 1,8 1,9 2,1
KET 6 AMT 13,2 148 164 16,6 130 18,1 193 20,0 194 9,7| 148 14,2 14,7 154 12,3 159 16,2 176 180 8,7
North America Import Unit Value in US $ Import Unit Value in PPP US $
KET 1 Industrial Biotechnology 39 36 39 36 40 44 61 67 59 67/, 41 37 39 36 39 43 60 67 57 65
KET 2 Nanotechnology 11 12 14 15 18 1,7 2,2 2,2 2,2 24| 1.2 1.3 1,4 15 1,7 1,6 2,1 2,1 2,1 2,2
KET 3 Micro Nanotechnology 429 522 579 560 579 702 656 580 742 894| 441 529 583 560 574 693 645 577 733 878
KET 4 Photonics 117 129 131 73 127 122 127 128 133 139| 122 131 132 73 126 120 125 127 130 135
KET SAdvanced Materials 16 16 18 20 21 24 2,6 2,4 2,5 26| 1,7 1,7 1,8 2,0 2,1 2,3 2,5 2,3 24 25
KET 6 AMT 169 19,1 199 146 202 245 280 294 316 304| 179 19,7 202 146 199 23,7 27,1 29,2 30,6 28,9
East Asia Import Unit Value in US $ Import Unit Value in PPP US $
KET 1 Industrial Biotechnology 12 12 13 14 173 1,5 1,9 1,9 2,6 29| 21 2,1 2,2 2,3 2,1 2,4 2,6 2,6 3,2 3,3
KET 2 Nanotechnology 13 15 16 1,7 19 2,0 2,4 2,4 2,7 28| 24 2,5 2,5 2,7 29 3,0 3,1 3,4 3,5 3,3
KET 3Micro Nanotechnology 548 573 618 607 657 1.813 1.557 1.506 2.071 2.391| 989 1.064 1.178 1.185 1.277 3.519 2.682 2.639 3.383 3.595
KET 4 Photonics 123 143 153 153 154 138 144 149 152 151| 247 311 333 329 318 270 248 260 249 225
KET 5 Advanced Materials 15 16 17 20 23 2,5 3,1 2,4 2,8 3,3| 2.8 3,0 3,1 3,5 39 4.2 4,6 3,7 41 44
KET 6 AMT 146 154 18,0 186 182 253 326 245 356 452| 306 320 368 361 342 381 516 399 548 653

SourceCOMTRADE Database, OECD Main Science and Technology Indicators. NIW calculations.
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8.3. TECHNOLOGY CONTENREXPORTS BY INDWAD KEERELATED PRODUCTS

. _________|
FigureBLEUHY Q& LISNF2NXIyOS YR ReylFYAOa 2F SELRNI dzyAd

Absolute change in average
Triad average export unit value 200 export unit values

2011 =100 2002-2006 and 2007-2011

Amino-aldehydes, amindetones fquinones 438
Citric acid

Amino-naphthols & oth. aminghenols
Amino-alcohot & aminoacidphenols 10
Aminohydroxynaphthalenesulphonic acids
Glutamic acid & its salt:
Salts & esters of citric aci

Amino-acids

Acetic acid

Lysine & its esters; salts therec

Prepared enzymes, n.e.

Organic composite solvents & thinne

80 100 120 140 160 180 200 10 1 2 3

Note: * and their salts.
Source COMTRADE Database. NIW calculations.

Figure82-b 2 NIi K ! Y S NJhabde @rid dyind®niedF & diort unit values in industrial biotechnology,
product level
Absolute change in average
Triad average export unit value 200 export unit values
2011 =100 2002-2006 and 2007-2011

Salts & esters of citric aci
Citric acid
Glutamic acid & its saltt
Organic composite solvents & thinne|
Prepared enzymes, n.e.
Aminonaphthols & oth. aminghenols
Lysine & its esters; salts there( -6
Acetic acid
Aminoc-aldehydes, amin&etones fquinones

Aminohydroxynaphthalenesulphonic acid:

Amino-acids O
Amino-alcohot & aminoacidphenols

20 40 60 80 100 120 140 160 180 200 -3-2-1 0 1 2 3 4
Note: * and their salts.
SourceCOMTRADE Database. NIW calculations.

169

gl
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level
Absolute change in average
Triad average export unit value 200 export unit values
2011 = 100 2002-2006 and 2007-2011
Amino-alcohot & aminoacidphenols
Organic composite solvents & thinne
Aminohydroxynaphthalenesulphonic acid:
Glutamic acid & its salt: _|
Citric acid 1
Lysine & its esters; salts there( 1
Acetic acid ]
Amino-naphthols & oth. aminghenols i
Amino-acids -I
Salts & esters of citric aci ]
Prepared enzymes, n.e. .
Amino-aldehydes, amindetones fquinones m

40 60 80 100 120 140 6 -4-20 2 46 8
Note: * and their salts.
Source COMTRADE database. NIW calculations.

Figure8.4:EUn y Q& LIS NJAd2dd#hicg aF 8xpdrt unit values in nanotechnology, product level
Absolute change in average

Triad average export unit value 200 export unit values
2011 =100 2002-2006 and 2007-2011

Organic comps. n.e.s. in Ch.:

Activated carbon

Carbon (carbon blacks & other form
Synthetic organic tanning sub:

Paints, varnishes (incl. enamels & lacquers
Organic composite solvents & thinners, n.e
Glass frit and other glas

Synthetic organic prods. of a kinc

Liquid lustres & sim. preps 6

40 60 80 100 120 140 -1 0 1 2 3 4

Note: * used as fluorescent brightening agents. ** based on acrylic/vinyl polymer.
SourceCOMTRADE Database. NIW calculations.

Figure85:b 2 NI K ! YSNA O Q& LISNF2NXIyOS IyR RéylYAOa 2F SELR
Absolute change in average

Triad average export export unit values
unit value 2007-2011 = 100 2002-2006 and 2007-2011

Glass frit and other glas

Liquid lustres & sim. preps 113

Activated carbon

Organic comps. n.e.s. in Ch.:

Synthetic organic prods. of a kinc

Organic composite solvents & thinners, n.e
Paints, varnishes (incl. enamels & lacquers
Synthetic organic tanning sub

Carbon (carbon blacks & other form

50 100 150 200 250 300 350 400 450

o
=
N
w

Note: * used as fluorescent brightening agents. ** based on acrylic/vinyl polymer.
Source COMTRADE Database. NIW calculations.
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Absolute change in average
Triad average export export unit values
unit value 2007-2011 = 100 2002-2006 and 2007-2011

Paints, varnishes (incl. enamels & lacquers
Liquid lustres & sim. preps 7

Organic composite solvents & thinners, n.e
Glass frit and other glas

Synthetic organic prods. of a kinc

Carbon (carbon blacks & other form
Synthetic organic tanning sub:

Activated carbon

Organic comps. n.e.s. in Ch..

60 70 80 90 100110120130 140150160170 4 -3 -2-10 1 2

Note: * used as fluorescent brightening agents. ** based on acrylic/vinyl polymer.
SourceCOMTRADE Database. NIW calculations.

Fgure8.7:EUHY Q& LISNF2NXI yOS IyR ReéylIYAO0&a 2F SELRNI dzyrald @I

Absolute change in average
Triad average export unit value 200 export unit values
2011 =100 2002-2006 and 2007-2011

Parts & accessories of the articles of 90. 474
Parts & access. of compound optical microscoj
Liquid crystal devices; other optical inst
Photosensitive semiconductor device
Parts of the devices of 85.4
Instrum./app. using optical radiation
Spectrometers using optical radiatior
Binoculars
Machinetools for working any mat. by removal.c
Ultra-violet/infra-red ray app.*
App. based on the use af/ Pradiations**
App. based on the use af / Prédiations***

Lasers (excl. laser diode

80 100 120 140 160 180 200 220 -50 O 50 100150200
Note: * used in medical/surgical/dental/veterinary. ** for medical use. *** for uses other than medical.
SourceCOMTRADE Database. NIW calculations.
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Absolute change in average
Triad average export unit value 200 export unit values
2011 = 100 2002-2006 and 2007-2011

Parts & accessories of the articles of 90. 358

Photosensitive semiconductor device 579
App. based on the use of / Prédiations**
Parts & access. of compound optical microscoj

Liquid crystal devices; other optical inst

Ultra-violet/infra-red ray app.*

App. based on the use of / Pradiations***
Machinetools for working any mat. by removal.c
Lasers (excl. laser diode

Parts of the devices of 85.4

Instrum./app. using optical radiation
Spectrometers using optical radiatior

Binoculars

90 100 110 120 130 140 150 160 170 180 190 200 -50 O 50 100150200

Note: * used in medical/surgical/dental/veterinary. fér medical use. *** for uses other than medical.
SourceCOMTRADE Database. NIW calculations.
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Absolute change in average
Triad average export unit value 200 export unit values
2011 = 100 2002-2006 and 2007-2011

App. based on the use of / Pradiations***
App. based on the use af / Pradiations**
Machinetools f. work. any mat. by removal of ma
Ultra-violet/infra-red ray app.*
Lasers (excl. laser diode
Binoculars
Liquid crystal devices; other optical ins
Parts of the devices of 85.4
Photosensitive semiconductor device
Spectrometers using optical radiatior
Instrum./app. using optical radiation
Parts & accessories of the articles of 90.
Parts & access. of compound optical microscoj

40 60 80 100 120 140 160 180 -100-50 O 50 100150

Note: * used in medical/surgical/dental/veterinary** for medical use. *** for uses other than medical.
SourceCOMTRADE Database. NIW calculations.
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Triad average export unit value 200
2011 =100

Carbon electrodes*

High tenacity yarn other than textured yar
Artificial corundum, not chemically define
Phosphoric acid & polyphosphoric acit
Polyacetals, in primary form:

Rovings of glass fibre

Activated carbon

High tenacity yarn other than textured yar
Silicon, containing by weight <99.99% of silic
Laminated safety glas

Prepared additives for cements/mortar

Artificial graphite

Other ceramic wares for laboratory/chemici
Silicon, containing not <99.99% of silict
Pigments & preparations based therec

Silicon dioxide

Synthetic organic colouring matter & preparatior
Ferrosilicon, containing by weight >55% of silict
Supported catalysts other than those with nick
Carbon electrodes, of a kind used for furnac
Toughened (tempered) safety glass, n.e.s. in 7C
Disodium carbonate

Supported catalysts, with precious met
Prepared pigments, prepared opacifit
Toughened (tempered) safety gla:

Reaction initiators, reaction acceleratol

Bars, rods & profiles, of aluminium, not alloye
Pigments & preparations based on titanium dioxide
Ferrosilicomanganese, in granular/powder forr
Carbon (carbon blacks & other forms, n.e.
Poly(ethylene terephthalate), in primary form
Aminoresins, in primary forms

Silicones, in primary form:

Phenolic resins, in primary form

Primary cells, primary batter., manganese dioxi
Indicator panels incorp. liquid crystal devic
Glass frit & other glas

Adhesives based on polymers/rubb¢

Primary cells & primary batteries, lithiur
Finishing agents

Liquid lustres & similar preparation

Ferroalloys (excl. of 7202.17202.93)
Compounds, inorganic/organic, of raearth metals

YR ReylYAOa

Absolute change in average

export unit values

2002-2006 and 2007-2011

34
27
-20
50 70 90 110 130 150 170 190 210 230 -5 O 5 10 15 20

Note: * other than of a kind used for furnaces. ** other than those containing 80%/more by weight of titanium dioxidencie. dry

matter. *** other than for treatment of textile materials/leather/furskins/other materials.

SourceCOMTRADE Database. NIW calculations.
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level
Absolute change in average
Triad average export unit value 200 export unit values
2011 =100 2002-2006 and 2007-2011
Glass frit & other glast ] 434

Atrtificial corundum, not chemically define

Carbon electrodes* ]
Synthetic organic colouring matter & preparatiot
Prepared additives for cements/mortar
Liquid lustres & similar preparation ——113
Prepared pigments, prepared opacifit
High tenacity yarn other than textured yar
Laminated safety glas
Activated carbon
Anti-oxidising preparations
Adhesives based on polymers/rubb
Toughened (tempered) safety gla:
Ferrosilicomanganese, in granular/powder forr
Artificial graphite
Prepared glues, n.e.s. in 35.C
Ferrosilicon, containing by weight >55% of silic:
Semifinished products of alloy stee
Silicon dioxide
Finishing agents
Rovings of glass fibre
Compounded rubber
Silicones, in primary form:
Primary cells, primary batter., manganese dioxi
Ferromolybdenum, in granular/powder forn 21
Compounded rubber), unvulcanise
Primary cells & primary batteries, lithiur 23
Toughened (tempered) safety glass, n.e.s. in 7C
Propylene copolymers, in primary forn
Acrylic polymers in primary form
Polyurethanes, in primary form:
Styrenebutadiene rubber (SBR), other than latt
Compounded rubber, with carbon black/silic
Pigments & prep. based on titan. diox. (>=80
Ethylenepropylenenon-conjugated diene rubbet
Lubricating preparations
Products suit. for use as glues/adhesiv
Ingots & other primary forms of other alloy ste
Reaction initiators, reaction acceleratol
Pigments & preparations based therec
Bars, rods & profiles, of aluminium, not alloye
Styrenebutadiene rubber (SBR), late
Polyamide6/ -11/-12/ -6,6/-6,9/-6,10/-6,12
Phenolic resins, in primary form
Disodium carbonate
Lubricating preparations cont. petroleum oils**
Indicator panels incorp. liquid crystal devic -25
Polyamides (excl. of 3908.10), in primary fort
Supported catalysts other than those with nick
Silicon, containing not <99.99% of silic: 9
Pigments & prep. based on titanium dioxide’
Phosphoric acid & polyphosphoric aci
High tenacity yarn other than textured yar
Laminated safety glass, n.e.s. in 70.
Supported catalysts, with precious met 11
Ferroalloys (excl. of 7202.17202.93)
Chemical elements doped for use in electron 94
50 100 150 200 250

0 300 4 2 0 2 4 6

Note: * other than of a kind used for furnaces. ** other than those containing 80%/more by weight of titanium dioxidenctie. dry
matter. *** other than for treatment of textile materials/leather/furskins/other materials.
SourceCOMTRADE Database. NIW calculations.

174

2F SELX
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Absolute change in average
Triad average export unit value 200 export unit values
2011 =100 2002-2006 and 2007-2011

196
Finishing agents 170

58

~

Liquid lustres & similar preparation

Bars, rods & profiles, of aluminium, not alloy¢

i

Phenolic resins, in primary form

Polyamides (excl. of 3908.10), in primary fort

-196 :

Adhesives based on polymers/rubb¢

11
30

Silicon, containing not <99.99% of silict

Glass frit & other glas:

Compounded rubber

Ethylenepropylenenon-conjugated diene rubber

Styrenebutadiene rubber (SBR), late
Polymers of propylene in primary form
Phosphoric acid & polyphosphoric acit

Polyamide6/ -11/-12/ -6,6/ -6,9/-6,10/-6,12 2
Primary cells, primary batter., manganese dioxi
Silicones, in primary form: -

Toughened (tempered) safety glass, n.e.s. in 7C

Ferrosilicomanganese, in granular/powder forn

Ferromolybdenum, in granular/powder form 7
Carbon (carbon blacks & other forms, n.e.
Propylene copolymers, in primary forrr
Haloisobuteneisoprene rubber
Polyacetals, in primary form:

Anti-oxidising preparations

Compounded rubber), unvulcanise
Pigments & preparations based therec

Silicon dioxide

Prepared pigments, prepared opacifi¢ -
Ingots & other primary forms of other alloy ster Jm

Toughened (tempered) safety gla:

Prepared additives for cements/mortar

LLL
.
.
w

.

Synthetic organic colouring matter & preparatior
30 50 70 90 110 130 150 170 -2 -1 0 1 2 3 4 5

Note: * other than of a kind used for furnaces. ** other than those containing 80%/more by weight of titanium dioxidencttie. dry
matter. *** other than for treatment of textile materials/leather/furskins/other materials.
Soure: COMTRADE Database. NIW calculations.
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Absolute change in average
Triad average export unit value 200 export unit values
2011 = 100 2002-2006 and 2007-2011

Parts of the converters, ladles, ingot mouli 204
Parts of filtering/purifying mach./app. of 84.2
Parts of centrifuges, incl. centrifugal drye
Parts of the mach. & app. of 84.6

Producer gas/water gas generatol

Machinery, plant & equip., n.e.s. in Ch.8:
Machines for extruding/drawing/texturing
Machines & app. for resistance welding of me'
Metal-rolling mills, hot/combination hot & colc
Equipm. f. the heat treatm. of mater. by induc
Tube mills

Casting machines of a kind used in metallui
Brazing/soldering machines & ap|
Filtering/purifying mach. & app. for liquid
Pressurereducing valves for pipes/boile
Distilling/rectifying plant

Hydraulic/pneum. auto. regulat./controlling instt
Industrial/laboratory elec. furnaces & over
Furnaces & ovens functioning by inductic
Machines & app. for resistance welding of me:
Machines/app. for (plasma)arc welding of mete
Industrial/laboratory furnaces & oven
Machines & appliances for testing the hardne
Machinery for liquefying air/oth. Gase
Machinery & app. for soldering/brazing/weldin

80 90 100 110 120 130 140 0 10 20 30 40 50

Note: * other than for making hot drinks/for cooking/heatifepd, whether/not electrically heated.
SourceCOMTRADE Database. NIW calculations.
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level
Triad average export unit value 200 Absolute change in average
2011 =100 export units value
Parts of the converters, ladles, ingot mouli 295

Distilling/rectifying plant
Parts of the mach. & app. of 84.6

Parts of centrifuges, incl. centrifugal drye 47
Producer gas/water gas generato

Machines & appliances for testing the hardne 56

Machines & app. for resistance welding of me
Furnaces & ovens functioning by inductic
Machinery, plant & equip., n.e.s. in Ch.8:

Machinery for liquefying air/oth. Gase
Hydraulic/pneum. auto. regulat./controlling insti
Parts of filtering/purifying mach./app. of 84.2
Equipm. f. the heat treatm. of mater. by induc
Machines for extruding/drawing/texturing
Casting machines of a kind used in metallui
Machinery & app. for soldering/brazing/weldin
Machines & app. for resistance welding of me'
Industrial/laboratory furnaces & oven
Pressurereducing valves for pipes/boile
Metal-rolling mills, hot/combination hot & colc
Machines/app. for (plasma)arc welding of mete
Industrial/laboratory elec. furnaces & over
Filtering/purifying mach. & app. for liquid

Tube mills

Brazing/soldering machines & ap|

80 100 120 140 160 180 200 220 0O 5 10 15 20

Note:* other than for making hot drinks/for cooking/heating food, whether/not electrically heated.
SourceCOMTRADE Database. NIW calculations.
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Absolute change in average
Triad average export unit value 200 export unit values
2011 = 100 2002-2006 and 2007-2011

Machines/app. for (plasma)arc welding of mete
Industrial/laboratory furnaces & oven
Machines & app. for resistance welding of me
Furnaces & ovens functioning by inductic
Machinery for liquefying air/oth. Gase
Machinery & app. for soldering/brazing/weldin
Industrial/laboratory elec. furnaces & over
Filtering/purifying mach. & app. for liquid
Casting machines of a kind used in metallui
Pressurereducing valves for pipes/boile
Brazing/soldering machines & ap|

Tube mills

Hydraulic/pneum. auto. regulat./controlling insti
Machines & appliances for testing the hardne
Machines for extruding/drawing/texturing
Distilling/rectifying plant

Metal-rolling mills, hot/combination hot & colc
Machines & app. for resistance welding of me
Equipm. f. the heat treatm. of mater. by induc
Machinery, plant & equip., n.e.s. in Ch.8:
Parts of the mach. & app. of 84.6

Parts of filtering/purifying mach./app. of 84.2
Parts of the converters, ladles, ingot mouli
Parts of centrifuges, incl. centrifugal drye
Producer gas/water gas generato

20 40 60 80 100 120 140 5 0 5 10 15

Note: * other than for making hot drinks/for cooking/heating food, whether/not electrically heated.
SourceCOMTRADE Database. NIW calculations.
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Triad average export unit value 200 Absolute change in average
2006 = 100 2005-2006 and 2002-2003
Monolithic integrated circuits, other than digite 318
Other Electronic integrated circuits
Monolithic integrated circuits, digita
Electronic integrated circuits, gmplifier
7IO 8I0 QIO 100 -1IOO -SIO 0 50 100

Note: * other than amplifiers/memories/processors & controllers.
SourceCOMTRADE Database. NIW calculations.
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(HS 2002)

Triad average export unit value 200 Absolute change in average
2006 = 100 2005-2006 and 2002-2003

Other Electronic integrated circuits
Electronic integrated circuits, gmplifier
Monolithic integrated circuits, digita

Monolithic integrated circuits, other than digite

90 100 110 120 130 140 -80 -60 -40 -20 0 20

Note: * other than amplifiers/memories/processors & controllers.
SourceCOMTRADE Database. NIW calculations.

Figue818 91 aid ! aAl Q& LISNF 2 NX I y OS - addfnanBeiebtdrith, prddyick ldvel gHSt dzS a

2002)

Triad average export unit value 200 Absolute change in average
2006 = 100 2005-2006 and 2002-2003

Monolithic integrated circuits, digita
Monolithic integrated circuits, other than digite 185
Other Electronic integrated circuits

Electronic integrated circuits, gmplifier

100 105 110 115 120 -20 0 20 40 60 80100

Note: * other than amplifiers/memories/processors & controllers.
SourceCOMTRADE Database. NIW dations.
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