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4. Complete report onpatent
and NPL analysis

Theblue biotechnology sectowusually refers to the notraditionally exploited groups of marine organisms and their
commercial implications. The main species considdreldng tomacroalgae (seaweed), microorganisms (microalgae,
bacteria, and fungi) and invertebrates. These differerganisms are currently used for the extraction of higtue
bioactive compounds with high market potential [1].
Specifically, the blue biotechnology sector can incltlttee industriesthat generate different products and services,
namely:

- Thecosmetics industrydeveloping functional ingredients (UV filter, viscosity control agents, preservatives) and

raw materials (colourants, pigments, fragranges)
- Thepharmaceutical industrywhich uses marine organisms to produce medicines (drugs, novel antibiotics,

wound healing, antinflammatory, immunomodulatory agents) and biomaterials ¢adhesives, dental
medical biomaterials, disinfectants);
- Thenutraceutical industrygenerating new food supplements (prebioties3 supplements), food products

(stabilizer suspendingbendingfoaming agents) and nutraceuticals (antioxidants, -amftammatory, antiHIV)

[2].
Thecosmeticsindustry based on marine biomass is also identified as one of thegfasting market segments among
the blue biotechnology sgors. This growth is related to the large panel of new applications. For examplmatiee
collagengderived from the different parts of marine organisms are compounds largely used in cosmetics products for the
regeneration of the skin or as antiagirtgence, marine collagen has witnessed a relevant growth in the last five years
thanks to its wide application, the benefits for the health and the higher bioavailability if compared to other collagen
types. Globally thglobal marine collagen markes progcted to reach the value of USD 1,137.3 million in 2026, with a
CAGR of 7.9% in the forecast period 202026. InEurope the market is estimated to reach the value of USD 367.3
million in the forecast period 20202026. Among thélediterranean area Fiance, Italy and Spain are currently the main
producers[5].
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Figurel Marine Collagen Market size by Region, CAGRs in the Period-202&

UK
7.6%
Canada
7.3%. W
® Japan
us penmany gh;';: 4%
o o 7.9% :
8.2% P —
Mexico
6.6% -
India
7.8%
Australia & New Zealand
7.4%
South America Africa
7.0% 5.4% L - §
°
CAGR (2021-2026)
Growth - Growth - Growth
<=4.0% 4.1% - 6.0% >6.0%

From the perspective of the patent analysis, a dataset consistiBg2fon-duplicated patent families corresponding to
2778patent applications has beeamalyse®® b2 f AYAGFGA2Yy Aad FaadzySR 02y OSNyAy3
main topic regardinghis sector may be argued considering the frequency of citatidrepecific keywords present in the
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As already observed and mentioneddfechnology forecast and importance of SDGs in Blue Bioecénthrayanalysis

has been focused othe legal protection of technical innovation regarditige cosmeticsndustry based on marine
biomass The patent authorities located in the Asian Pacific region, especially in China, as well as the USPTO score the
highed numbers of filing events. In the Mediterranean regitine patent authorities of Spain, France and Germany score

68, 61 and 44 patent applications, respectivéfigure 3). Looking at the number gfatent applications /128
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registered by EPQ{4) and WIPO236), the data suggesthat the protection oftechnical innovation in a multiplicity of
territories by means of harmonized filing procedutkeserves releant consideration.

Figure3 Cosmetics: Map of national/supranational patent authorities
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As can be noticed iRigure4, the increase of the total number of patent applications seems remarkable, especially after

yr. 190, and peaking around year 2005 he ecline observed after 2005 is reflected also by toemalized valuegthe
normalized data regarding especially patent authorities located in European countries, such as Spain, France, Italy,
Germany and UK). Even if the absolute number of patent applications filed to the CNIPA is equivalent to thentmal nu

of applications filed to the EPO (236) and the number of applications filed to the USPTO is 446, about 15 years ago the
patent authorities hosted in Spain and Israel could be identified as relevant addressees of patent applications. In most
recent times, the lIsrael patent authority still deserves the attention of the players, being an equivalent trend
characterizing the applications filed to the French patent authoritlyile the rate of the patent applications filed to the
Spanish authority decline@specially after yr. 2015.
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Figure4 CosmeticsNormalization of @mtent applications
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ones located in Spaiand in Italy can be detectedThe rightmost pie diagram &igure5 provides valuable information

regarding the protection strategies, confirming that tBeropeanapplicants take in due consideration the possibility of

filing appltations either to the EPO or to the WIPO.

Figure5 CosmeticsLegal protection sategy
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Despitefrom the analysis of the patent datarelevantimpact on the commercialization of innovative technical solutions
worldwide andespecially in territories such as the U&#Aseveral Asian countries such as China, Japan and South Korea
(Figure3) may be argued, basic research activities, monitored by analyzing other divulgation modalities, such as the
scientific publications, books, reviews, conference proceedings and EU funded pra@pptsar as well ongoing
worldwide, the highestproportion beingascribed toEU countries, as evident froRigure6. 8/128
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Figure6 CosmeticsNPL data wrldwide
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Overall,algaeare the most exploited marine organisms in these industries thanks to their several applications. The term
GrFt3aAFSé AyOfdzRS 620K YI ONRZ I YR Yclod®RgarisAd. Ky ingkebighs that gan T N2 Y
be extracted from algae are gageenan, carotenoids, lipids, alginate, algal protein, algal flour, agar, and biologically
active molecules for use in human and animal health. Other alternative marine biomasses are undergoing several studies
aimed at understanding their future possitdeplications, but so far, thalgae sectois the most relevant in Europe, and,

up to date, the most developed among the emerging sectors of the Blue Bioeconomy. Algae biomass production has
increased globally since 1950, reaching almost 32.67 Mt in 20iB,China, Indonesia and South Korea leading the
market. In Europe, which accounted for 0.57% of the total production, algae biomass is mainly supplied by Norway
followed by Ireland and France. Globally in 2016, up to 96.5% of the total algae biomasstaasd from farmed algae,
whereas only a small percentage was harvested from wiitatks Instead, in Europe, algae biomass was primarily
obtained from wildstocks[1]. In the Mediterranean areaSpain and France are the countries in Europe with the &rge
number ofmacroalgaecompanies andnicroalgaeproducers. France dominates thpeoduction landscape with 65% of

the mapped production units in Europe.

While algagepresentnaturally occurring materials, which can be simply harvested from the wildabteends seem to

indicate that soon algae biomass will be mainly cultivated in aquaculture f&esmveed or macroalgae cultutis very
convenient because algae generally do not require any freshwater, fertiliser or other external inputs. There & also n
need to repurpose or clear land. Moreover, the regenerative nature of seaweed and their contribution to biodiversity and
ecosystem services, makes their farming a particularly promising industry [6].
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Figure7 Different type of ®aweed production [6]
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Microalgae can also becultivated in open or closed systems. Open systems are more convenient due to the lower
installation and operation costs. In those systems microalgae grow directly in contact with the atmosphere eithelsin pon
GKFG FNB aGANNBR YSOKLI yAd larfk fstéred DNa padble whedl. Chsed SysteliR gai Bee
photobioreactors or fermenters and are far more expensive. However, they assure a higher volumetric productivity and
more controlled conditions, including prevention of contamination, better controthe cultivation conditions (pH,
temperature, nutrient supply, etc.), reduction of water use and CO2 losses [7].

Figure8 Photobioreactor microalgae production [7]
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In the pharmaceutical industry algae are used as antimicrobials, antivirals and antifungals, neuroprotective products,
and therapeutic proteins and drugs. Moreover, alginates extracted from marine kelp find applications in the medical field
for wound healing, tissue engineering andjemerative medicine, and dental health applications. @lubal market for

algae products for pharmaceutical applications expected to reach the value of USD 442.6 million by 2023, growing at
a CAGR of 5.7% in the period 2@18023. Asia Pacific and NlerAmerica are the main contributors to the market. For

the Europearregion, the algae products market for pharmaceuticals is forecasted to grow to the value of USD 83.1 million

by 2023, at a CAGR of 5.3% in the period 202@&23. Francdtaly,and Spairare the main countries active in this market
in the Mediterranean area.

As far as the specific subsector is concetreedataset consistingf 191 nonduplicated patent familiesorresponding
to 433 patent applicationdNo limitation isassumedconcerninghe | LILJ A Gilingtiméfrgrie(The main  topic

regarding this sector may be argued considering the frequency of citations of specific keywords present in the patent
GAGE SaQ FAigdredda K26y AY

Figure9 Pharmaceutics] S@ 6 2 NRaQ FNXBI|jdzsSy Oe
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As already observed andemtioned indTechnology forecast and importance of SDGs in Bloeconomy, the aralysis
has been focused othe legal protection of technical innovation regarding theigsindustry based on marine biomass
The patent authorities located in the Asian Pacific region, especially in Gapen and South Korea wellas the USPTO
score the highest numbers of filing events. In the Mediterranean regh@Europeanpatent authorities of Spainand
Franceemergeasthe most representativeones. Relatively little numbers of patent applications have been filed to the

EPO 34) or to the WIPO 44) authorities Such information may be argued upardeeper analysis d¢he data ofFigure
10.
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Figurel0 PharmaceuticsMap of national/supranational patent authorities
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Being such patent dataset quite smaliiecompared to thenumber ofpatentapplications filed in the case of tlhesmetic
sector, it is likely that theitilization of the marine resourcespecifically aimed ahe formulation of drugs is ndargely
exploitedfor the time beingNevertheless, the data éfigurel1show a net increase of the number of patent applications
over time.Moreover, fromthe normalized data it seems wdrtof consideration the fact that the proportion of patent
applications filedin recentyearsto the French patent authoritghows atrend that is notequalised by othepatent
authorities, howevesuchtrend appearsinterrupted after yr. 2018

Figurell PharmaceuticsNormalization of @tent applications
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As far as the European applicantspaifrticularinterest, i.e. those headquartered ine of the countriedborderingthe
Mediterranean Sea are concerneseveral onedocated in France may be identified whibaly one Spanish player
(Greenaltech) can be detected. K S Y I Ay RI (I NXbchtioNds el As the Kidtedydfollowes & a2h one
as far as the legal protection is concerned may be visualizEjirre12.
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Figurel2 PharmaceuticsLegal protection sategy
Partition of the assignees based on the number of patent families and the Partition of the assignees based on the respective country of
respective country of residence (Note: coverage may be not completel): residence and the location of the authority to whom the
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Despitefrom the analysis of the patent datrelevantimpact on the commercialization of innovative technical solutions
worldwide and especially in territories such as the USA or several Asian countries such as China, Japan and South Korea
(Figure10) may be argued, basic research activities, monitored by analyzing other divulgation modalities, such as the
scientific publications, the books, the reviews, the conference proceedings and the EU funded mapjeeds as well

ongoing worldwide, the highest proportion being ascribed to the EU countries, as evidenfigomel3.

Figurel3 PharmaceuticsNPL data werldwide

Bermuda
Syrian Arab Republic
e A NGO 20 Sudan
United Arab Emirates . P
Burkina Faso French Polynesia
Colombia
Maurbhs South Africa
Central African Republic Tawan N
Hong K Algeria
e 0n9 Kong  pakistan Georgia
< Mexico
China
Bangladesti /7" Japan Russian Federation
i South Korea - Betaius

‘Saudi Arabia
New Zeatand
Lok Unied States of Amenca S

e Brunei Darussalam
Peru  VietNam Puerto Rico
o India EU  Canada Prilppines+ Macedonia
e Australia Indonesia
A3 kay MO0 nited Kingdom . Brazi

Norway Switzertand  [ynisis -Argentina
Madagascar  Kemya Iran

Israel Qatar
Maiaysia  chje
Mongola geqmia Cuba Uy

CostaRica - Palestine

Cameroon

13/128



A=A

SCIENCE PRARK

In the European region the main exploitedmacroalgaespeciesfor food industries and cosmeticare Laminaria
hyperborea, Laminaria digitatand Ascophyllum nodosumvhich are primarily harvested mechanically by boat.

Concerning thenicroalgae the main species used for healthy food, nutritional supplements, and antioxidant pigisents
Dunaliellg whichis mostly produced in aquaculture farms [3]. Specifically, JRC reported that there are around 250
Spirulina farms operating in EU, and among them, 150 are hosted in France [1]. As fafoasl thrarketis concerned,

the microalgae are mainly sold as drigdae and their demand is increasing constantly thanks to their-hide
nutrients content including carotenoids, phycobilins, fatty acids, and antioxidants. The sector is mainly driven by the
growing trend of natural cosmetic anautraceutical productsand the rising popularity of new generation foods [2].
According to JRC the micro and macroalgae farmed or harvested in Europe are predominantly sold for food related uses
(i.e., food supplements and nutraceuticals) and cosmetics.

Globally thenutraceuticd is one of the fastest growinodustry thanks to the rising demand of foods products that
provide health and medical benefits, including functional foods and dietary supplements. This industry is forecast to grow
considerably and is expected to reach tilebal market value of USD 336.1 billion by 2023, at a 7.8% CAGR from 2018 to
2023. Within the nutraceutical markeplant-based functional foods expected to reach the global value of USD 119.9
billion in 2025, growing at a CAGR of 8.6% from 2020 t&.20&0king at théeuropean regionthere is a mix of more
mature markets in the western countries, whereas eastern markets hold greater future growth potential. In the
Mediterranean area, France is leading the sector followed closely by ltaly and Spals thathe growing health and
wellness consciousness among consumers and the boosting demand for organic products [4].

Figurel4 Algae biomass commercial uses of European Economic Area (EEA) companies. HP: Hydrocolloid proBuction;
Bioremediation (European Commission (2020). The EU Blue Economy R2paf. Publications Office of the European Union.
Luxembourg)
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As far as the specific subsector is concerreedataset consistingf 654 non-duplicated patent familiescorresponding
to 2623 patent applications No limitation is assumecconcerninghe | LILJ A Gilingtiinefririe(The main topic
regarding this sector may be argued considering the frequency of citations of specific keypvesignt in the patent
GAGE S&aQ Figirela K26y AY
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Figurel5 Nutraceuticals:ikeyworda ffequency
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As already observed andemtioned indTechnology forecast and importance of SDGs in Blue Bioecérihmaralysis

has been focused othe legal protection of technical innovation regarding tigraceuticalshased on marine biomass

The patent authorities located in the Asian Pacific region, especially in China, Japan and South Korea as well as the USPTO
score the highest numbers of filing events. In the Mediterranean regl@Europeanpatent authorities of Spainand
Franceemerge asthe mostrepresentativeones.A significant number gbatent applications have been filed to the EPO

(235) or to the WIPO262) authorities. Such information may be argued upon a deeper analysis of the daiguoé16.

Figurel6 Nutraceuticals: Map ohational/supranational patent authorities
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Figurel7 show a consistent increase of the number of patent applications over. fiftne trend shows quite clearly that
until thirty years agdittle attention was deserved to the legal protecti@i innovations Moreover, from the 15128
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normalized datat appears thatthe proportion of patent applications filed in recent years to the Freand Spanish
patent authoriiesis meaningfulbeing both slightly higher if compared to the proportiohapplicationsifed to the EPO

or the WIPO authorities
Figurel7 Nutraceuticals: Normalization of atent applications
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As far as the European applicants of particular interestth@se headquartered in one of the countries bordering the
Mediterranean Sea are concerned, several ones located in Feantt&painmay be identified although players resident

in the USA or in Asian countries score the highest numbers of péernites ¢ KS Y| Ay RFGF NB3IF NRA
location as well as the strategy followed by each one as far as the legal protection is concerned may be visbajined in

18.
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Figurel8 Nutraceuticals:Legal protection sategy
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Despite from the analysis of the patent data a relevant impact on the commercialization of innovative technical solutions
worldwide and especially in territories such as the USA or several Asian countries such as China, Japan and South Korea
(Figure16) may be argued, basiesearch activities, monitored by analyzing other divulgation modalities, such as the
scientific publications, the books, the reviews, the conference proceedings and the EU funded pagjpets as well

ongoing worldwide, the highest proportion being ascribed to the EU countries, as evidenfigonel9.

FHgure 19 Nutraceuticals: NPL data evidwide
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1 The increment of the patent filing events is quite impressive when aimglyhe trendsegardingthe most recent
years especiall & F I NJ | & CdsrifeBcs & § §luivacadificalsx lconBerned.The use of the marine
biomass resourceappears less consistent as far as tqplicationsspecifically tailoredo the pharmaceutics
sector are concernedexcluding such sector, in the other tile exploitation of innovationsippearssignificant
during the last thirty years, while iappearedrelatively negécted earlier. There is growing interest in the
pharmacology sector too, yet the rate patent applications isiot as relevant as ieach of the other two fields

1 When focusing oroverlapping timeframes referred to individual ssbctors, it can be noticed that several
initiatives related to basic research are concentrated within the EU, whereas the exploitation of the results
demanded to the legal protection of the inventions seemas easily predictablgespeciallyas far as the countries
bordering the Mediterranean Sea are concerneldwever,meaningful proportions of patent applicatisrfiled to
the French or the Spanish patent authorities may be deteckeatluding the pharmacndy sector, in the other
two technical fields quite consistent numtseof patent applications are filed to the EPO or to the WIBDs
suggesting that the exploitation of such innovationgplies a consierable number of territories as potential
markets

1 Other European patent authorities, despite hosted in countries not bordering the Mediterranean Sea (for example
Switzerland, Germany or the UK) receive a quite consistent number of patent applications, likely because
worldwide notorious players, especialhose relevant as far as the food sectoithe cosmeticss concerned, are
headquartered in thenorthern Europe

In addition to the applications previously analysed, bige biotechnology sectomight have a relevant impact also on
the improvement ofanimal feed (nourishment, food supplementsyeterinary products(antibiotics, antiseptics, and
vaccines) andgricutural products (biofertilizers). Several factors are positively affecting the growth of these sectors
such as:
the increasing demand of natural products aimed at reducing the use of synthetic pesticides and antibiotics,
the search for natural animal food with high nutritional value,
the need to increase plant and animal health reducing the environmental impacts,

- the rising need of reducing the presence of allergens in the food.
The high diversity ofarine microorganisns and their ability to withstand extreme conditions are evidencing several
opportunities for the discovery and further development of peculiar compounds applicable both to the Agriculture and
the Livestock sectors [1].
Agricultureis one of the major sources of environmental pollution especially due to the runoff of synthetic fertilizers. For
this reason, the use of new and less environmentally harmful fertilizers obtained from marine organisms such as algae,
seaweeds, and fish digates is needed to reduce the lotgrm alteration in the aciebase balance (pH), osmotic pressure,
conductivity and improve the water holding capacity and fertility of the soil.
The blue biotechnology emerging sectors are currently focusingagrochemials, such asbiofertilizers and
biostimulants, created with the purpose of protecting crops from diseases without harming the surrounding
environment.
Agrochemicals refer to all specifically engineered chemical products used in agriculture and inchodel aange of
pesticidesandfertilizers. Fertilizers are further segmented into synthetic and-based nitrogenous, phosphati¢g 1 -g
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and potassic fertilizers. Pesticides are further segmented into synthetic adablsied fungicides, herbicides, insecticides

and other pesticides, including pyrethroids, organophosphates, rodenticides, bactericides, neonicotinoids and others.
Agrochemicals are manufactured with a combination of three nutrients (nitrogen, potassium and phosphorus) in different
proportions to fulfil the nutrient profile of a particular soil. The main purpose of agrochemicals is to optimize biological
efficacy by supplying essential nutrients and protecting crops from various diseases without harming the surrounding
environment. A proper and adequatese of agrochemicals is necessary for the reduction of crop loss.

As the world population increases, croplands are unable to meet the growing demand for food without some method of
crop enhancement. This factor is driving the market for agrochemidhls

The global market dBiofertilizersis estimated to reach a value of USD 173 million in 2024, with a projected CAGR of 9.1%
from 2019 to 2024. The European region is currently the setarggst revenuegenerating market for agrochemicals,
withasubstad A £ Ay ONBIFasS Ay GKS YINJ3fioa INRgGK Ay LGlLte Ay
Pesticide sales have decreased over the past few years in countries such as France and the U.K., mainly due to the drop
in herbicide and fungicide sales. However, there was a substdnyaONB | &S Ay GKS YIN] SGQa 3IN
Italy, Hungaryand Germany after rebounding from a downturn in recent yeBRestilizersales are currently withessing a
positive trend, particularly in eastern and central Europe, contributing to iseease in overall growttNevertheless,
severalsynthetic pesticides have been banned in Europe over the years owing to stringent environmental reg{dftions

The intensive research in theA 2 & G A Y dzf land flanthutriti® & pradidts has increaed the awareness about

the benefits that can be ascribed to the application of the seaweed extracts in agriculture. Currently, extracts from marine
algae are used in the agriculture industry and commercially exploitedeaseed extracts The most widelyused
seaweeds for agricultural purposes are related to the group of red §jaBeaweed extracts act as biostimulants mainly

due to the presence gflant hormones Hormones usually present in seaweed extracts are auxins, cytokinins, gibberellins,
abscig&c acid, and ethylene. Moreoveseaweed extractsenhance soil fertility and increase crop productivity under
various environmental stress conditions. The application of seaweed extracts improves soil structure and aeration,
increases biotic and abiotic stress tolerance, enhances seed germinationjanthgts root growth, flower set, and fruit
production Seaweeds and seaweed extracts are vital components of organic farming, which achieve yield maximization
through their biostimulatory role on crop plants. Application of seaweed extracts in agricalbarenly reduces the side

effects of harmful agrochemicals but also helps in protecting the environment. According to the FAO data, the total
seaweed produced in 2005 was 14.7 million tonnes, while in 2015, the production was doubled to 30.4tomities)

which makes seaweeds available for companies to formulate biostimulant products.

The globabiostimulants market is currently dominated biurope in terms of value, due to the adoption of modern
agricultural technologies such as precision farmingnipteotechnology and organigbased active ingredien{g].

Another new application for marine biomassisimal therapeutics involving the productiof vaccines, antinfectives

and antifungals, and food supplements [2].

The global market foreterinary productsis expected to reach the value of USD 66.5 billion by 2024, with pharmaceutical
LINP RdzOGa fSFRAYy3I GKS aSO0G2N) F2tft26SR o0& FSSR I RRAGAOGSA
defined as an ingredient or a combination ofriedients added to the basic feed mix, is characterized by a stable market
trend with a global projected value of USD 23,295 million in 2024, and an estimated CAGR of 5.0 % from 2019 to 2024.
The European regiorrepresentsnow the secondargest market, wi France the country leader of this sector in the
region [3].

As far as the specific subsector is concerreedataset consistingf 530 non-duplicated patent familiescorresponding
to 631 patent applications The analysis of the patent applications has been limited, i.e. considering the prigyitys
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year starting from 2017 onward¥he main topic regarding this sector may be argued considering the frequency of
citations of specific keywords present in the patetit i S& Q | Rigu@X.2 6y AY

Figure20{ 2 Af FTSNIAf AT I GA2YyY {(S&62NRaQ FTNBIldsSyode
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The patent authorities located in the Asian Pacific region, espeth@IZNIR/SIFO in Chinascore the highest numbers
of filing events while asignificantly lower number of patent applications is filed to the USRiGhe Mediterranean
region,the Europeanpatent authorities are not significantlyaddressedconsistentlythe number of patent applications
have been filed to the EP®@)(or to the WIPO1(7) authoritiesis very modestSuch information may be argued upon a
deeper analysis of the dataf Figure21.

Figure21 Soil fertilization:Map of national/supranational patent authorities
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The data ofFigure22 show a consistent increase of the number of patent applicatiesgecially in recent years
Moreover, from the normalized data it appears that the proportion of patent applications filedcienteyears 20/128
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to the CNIPA/SIP@atent authority is meaningfulwhile as far asach of theother patent authorities are concernetie
proportion of applications regarding the soil fertilization appears quite madest

Figure22 Soll fertilization:Normalization of @tent applications
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As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the
Mediterranean Sea are concernath meaningful data can be retrieve@themh Ay RF GF NBIF NRAy3 GKS
well as the strategy followed by each one as far as the legal protection is concerned may be visudigee 2.

Figue 23 Soil fertilization:Legal protection grategy

Partition of the assignees based on the number of patent families and the Partition of the assignees based on the respective country of
respective country of residence (Note: coverage may be not completel): residence and the location of the authority to whom the
Country of resid. ®CN ®DE #JF @KR @US applications are addressed:
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Despitefrom the analysis of the patent datquite relevantimpact on the commercialization of innovative technical
solutions worldwide and especially in territories such as those of the Asian coufiriexampleChina, Figure 21/128
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21) may be argued, basic research activities, monitored by analyzing other divulgation modalities, such as the scientific
publications, the books, the reviews, the conference proceedings and the EU funded projects aghpidzely scarce

being thedivulgation of technical information achieved through patent applicatipnsdominantover NPL formsas

evident fromFigure24.

Figure24 Soil fertilization:NPL data wrldwide and trend of the different modalities of divulgation
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1 Even if theanalysis has been limited the most recent yearsthe number of patent documents retrieved is
consistent ad the patent applications represent the preferred form divulgation of the technical
implementationsif comparedto other forms (NPL).

1 The Asian countries, especially Chidalimit the territories in which theopportunity of exploiting themarine
resourcesapplicable tathe agriculture fieldappearshighly considered

1 Despite the abovetatements several players headquartered in the U8A4. KIVERDI or CISBAY GLOB#yh}
be interested in the legal protection dhnovative products or technologies enabling the implementationhef
agriculture applicationswhereas little or nanvolvement of European playecsn benoticed, at least in casthe
analysis i$ocusedon the filing of patent applications.

In recent years several implementations of technologies based ofltSe/ 2 YS & Q Aapphiedl tdhe explatation

of the marine resources have been developed. 29/128
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Genomicss a branch of molecular biology that involves the study of the structure, function, evolution, and mapping of
genomes. It applies the techniques of genetics, molecular biology, and bioinformatics to sequence, assemble, and analyze
the function and struaire of the genome of a selected organism. Genomics is widely used in diagnostics, drug discovery
and development, animal and agricultural research, forensics and aquaculture research industry sectors.

The market segment for these applications is expectedttich the value of USD 703.3 milliorEuropein 2025, starting

from the value of USD 523.6 million in 2020, with an estimated CAGR of 6.1% in the periogl 2028 Among the
Mediterranean areaFrance, Greece, Italy and Spain are the regions in whielgenomics market opportunities are
highly considered.

Researchers are currently using sequencing (espeblaltyc Generation SequencirfdlGS)) and gene expression analysis

in applications such as nucleotide polymorphism and copy number variant @®ieict marine organisms used as
feedstock crop for biofuel production (e.g., SwitchgraBanjcum virgatur)). NGS technology is also used XA
barcodingto identifyfish larvae and eggand provide the complete description of a defined fish populatiothe marine
environment. Genomics technologies are also use@dduoaculture and fisheries Genomics in aquaculture helps in
enhancing productivity, improving the fish health, preserving the fish populations, and maintaining ecosystem integrity.
However, he use of genomics in this application segment is still in the nascent dfpge [

As far as the specific subsector is concerreedataset consistingf 203 non-duplicated patent familiescorresponding

to 364 patent applicationshas beeranalysed

No limitation is assumedtoncerninghe | LILJ A Gilingtiméfrgrie(The main topic regarding this sector may be
arguedfromi KS FTNBIljdzSy O0e 2F OAllI GA2ya 27F 3asdShownTrimighreZp.Se g2 NRa L

Figure25{ S+ 2 NE y A 852 ® 2NREIA AFNBY] dzSy O 8
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The patent authorities located in the Asian Pacific region, especially theMSN®®in China score the highest numbers
of filing events, while a significantly lower number of patent applications is filed to the USPTO. In the Mediterranean
region,the Europearpatent authoritiesare not frequently addresseddy the assignees/applicanigonsistently 23/128
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the number of patent applications filed to the EPO (8) or to the WIPO (17) authorities is very modest. Such information
may be argued upon a deeper analysis of the dataigfire26.
Figure26{ S| 2 NH I y A awagianatdriasdianativaaypatent authorities

Nr. of filing events partitioned according to the earliest filing year (EP and PCT not included): List of national Earliest filing
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The data ofFigure27 show a consistent increase of the number of patent applicatishgse filinghasbegun justefore

the end of last centuryMoreover, from the normalized data it appears that the proportion of patent applications filed in
recent years to theKoreanpatent authority is meaningful, while as far as each of the other patent authorities are
concerned the proportion of applicatiordeclined especiallywhen analysing th&PQ(19 patent applicationsyr WIPO

(36 patent applications)

Figure27{ S 2 NH I y A aNwrinddzatbS of @ténk applicétions
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As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the
aSRAGSNNI YSIY {SI INB O2yOSNYySR> y2 YSIyAy3a¥FdzZ RIGlF Oy
well as the streegy followed by each one as far as the legal protection is concerned may be visualized inpz 128
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Figure28.

Figure28{ S'I
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Despite from the analysis of the patent data a quite relevant impact on the commercialization of innovative technical
solutions worldwide and especially in territories such as those of the Asian countries, for exampl€rignime26), being
alsorelevant the commitment of Korean playersay be argued, basic research activities, monitored by analyzing other
divulgation modalities, such as the scientific publications libeks, the reviews, the conference proceedings and the EU
funded projectgeveal therelevantcommitment ofEUand US institution as well as the Chinese playassevident from

Figure29.

Figure29{ S'I
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1 The biotechnology applicatiorshoulddeserve a deeper analysi§larger pools of patenlocumentshowever the
risk is that the quality of thanalysisy A 3K ©S | FFSOGSR o0& & O2 Waidchvidlogiésli A y 3 ¢
rely onseveral differentechnical principlesDespiteour choice has been rather thaf limiting the scopeof the
surveyto the applicability ofthe genomis data, the trend argued from the number of applicationtefl to the
national and supranational authoritiegiggest thathis kind of information could positively affect thechnical
implementationsrelying on the marine bionssuse

1 Even ilsomeAsian countries, especially Chimigmonstrate relevaninterestfor exploiting thevalue inherent to
the genomics information, basic research is performed worldwigigearingrelevant the contribution of the USA
andeven higher the contribution ahe EU countries.

1 Despite the above statements, several players headquarter&buth Korea antdSAseeminterested in the legal
protection of innovative products oenablingtechndogies while for the time being thenost representative
European playeinclude fewcorporates such asABF PLANT SCIENGE®HHand UNILEVERIo significant
presence of playerseadquartered in the countries bordering the Mediterranean Sea has been aeltect

Biofuelsinclude solid, liquid, or gaseous matters derived from recently dead biological materials. This type of fuel is
different from fossil fuels since in the latter case the source is long dead biological materials. In the last century, the
adverse impacts caed by the extensive consumption of traditional fossil fuels, such as Greenhouse Gases (GHGS)
emission, has led to an increment in the production of biofuels. This increase is driven by several factors such as the
growing number of projects and initiativéscusing on the improvement of these products and by the rising interest of
the exploitation of renewable energy sources. The European Commission promotes the use of biofuels and bioenergy to
accomplish various climate and energy targets, such as ther@8@6tion of the GHGs emission, increasing the energy
consumption from renewable sources, and promoting the research and innovation focused of new environmentally
friendly biofuels [1].
Considering theBlue biotechnology sectqrthe main source of biofuelamong marine organisms aadgae Biofuels
obtained from algae are usually defined as thggheration biofuels [2]. Algae are considered attractive feedstocks with
many advantages over terrestrial crops. Algae biomass lacks the recalcitrant lignometdaloponents, therefore it can
be converted to fuels more easily than lignocellulosic feedstocks. Moreover, algae have a higher oil content compared to
farmland crops which can yield 90.000 litres per hectare compared to soybean which can produce &blitue<l6f oil
per hectare. Also, algae are photosynthetic eukaryotes characterized by high growth rate and high population densities,
thus implying rapid accumulation of feedstock. Finally, they can be used to develop a wide range of biofuels sseh as die
petrol, and jet fuel.
Macroalgaecan be transformed into biomethane, bioethanol and biobutanol through fermentative processes due to their
lower concentration of lipids/oils. Microalgae can be rather processed to obtain biodiesel, biomethane, baethie
oil (or biocrude) and biehydrogen obtained through fermentation or thermochemical processes thanks to the higher
fALAMRAQ I OOdzydzZ FGAz2y OFLIOAGE 2F GKS YAONRLFt IS obomBd ¢
producing cop include mainly thequatic unicellular green algaéChlorophyceae; includingannochloris sp, Diatons
(Bacilliarophyta), members of the class Haptophyta and others (e.@otryococcus brauniiDunaliella tertiolecta
Isochrysis galband&rymnesium arvum, Spirulinaspand Tetraselmis chi
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Algal biomassontains three main components: carbohydrates, proteins, and lipids/natural oils, and the bulk is made of
the natural oil in the form of triacylglycerol, the right kind of oil for producing biodi€Bais is another reason for the
strong focus oralgaefor biodiesel production. The table below shows some formsicfoalgaethat are used as
feedstock for biodiesel production and their oil content. It is important to note that while some fofralgaehave low

oil content, their growth rate of doubling in 24 hours means huge feedstock availability. Further, it is observed that during
the peak growth phase, some microalgzan double every 3.5 houf3].

Tablel Microalgae and Oil Content (% Dry Weight)

Microalgae Oil Content

Botryococcus braunii 25¢75
Chlorellasp. 28¢32
Crypthecodinium cohnii 20

Cylindrothecasp. 16¢37
Nitzschiasp. 45¢47
Phaeodactylum tricornutum ~ 20¢30
Schizochytriunsp. 50¢77
Tetraselmis suecia 15¢23

Theglobal market for liquid biofuelss constantly increasing and is forecast to grow at a CAGR of 2.5% to USD 153.8
billion in 2024, with most of the growth coming from biodiesel and advanced biofuels such as cellulosic. dthtatwd)
biodiesel market has a projected value of USD 78,646 million in 2024 at a 3.2% CAGR evaluated in the timeframe 2019
2024. Globally, the greatest market growth will be registered in the EU member states whereas th@#asfan South
America,Africa, and Middle East regions will not see significant growth due to the lack of inveq&hent

Europehas also shown some interest in biodiesel throadgiae. BDBioEnergy International, a technology company
based in Austria, is currently working developing an efficient extraction and biodiesel production process thralgge

[3]. At theEuropean levelthetotal production of biofuelsis expected to reach USD 32,987 million litres in 2024. Limiting

the forecast to thebiodiesel the market is exgcted to increase to USD 26.7 billion in 2024, balre CAGR 7.6% in the
timeframe 2019 2024. In theMediterranean Areathe main consumers are Spain, France and Italy [2].

Figure30 Biodiesel Consumption Market Value in the Mediterranean Area, by Country, Through 2024 (USD Millions)
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As already observed andemtioned indTechnology forecast and importance of SDGs in Blue Bioecértbmy
analysis has been focused tme legal protetion of technical innovation regardirthe biofuels obtained usin927/128
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the marine biomass especially the algaés far as the specific subsector is concerreedataset consistingf 364 non-

duplicated patent  familiescorresponding td219 patent applications  has been analysed

No limitation is assumedconcerninghe | LILJ A GilingtiméfrgrieQThe main topic regarding this sector may be

I NBdzSR O2yaARSNAYy3I (GKS FNBIljdzSydOe 2F OAGIl GA2yRgueBE aLISOAT

Figure31Biofuels:] Se@ 2 NRaQ TNXBI|jdzSyOe
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The number opatent applications filed to the USPTOremarkable whereas considerinthe Mediterranean regiona
not negligiblenumber of patent applications have been filed to tBpanish and French patent authorities, respectively.
Relatively consistent number of patent applications have been filed t&®®79) or to the WIPO @0) authorities. Such
information may be argued upon a deeper analysis of the dat&gfre32.

Figure32 Biofuels:Map of national/supranational patent authorities
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The data ofFigure33 show a consistent increase of the number of patent applicatipeaking around year 201@
persistent decline of the number of patent applications can be obsenadterwards. Moreover, from the normalized
data it appears thatround year 201Ghe proportion of patent applications filetb the Spanish patenauthority is
meaningful,a similar tend characterising also thepplications filed to theJSPT@nd the PCT application&.decline is
evident after year 2010.

Figure33 Biofuels:Normalization of @tent applications
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As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the
Mediterranean Sea are concerneféw players are headquartered in Spdey. ALGAENERGY several in France
(RHODIA OPERATIONT other academic institutions) ¢ KS YIF Ay RIFGF NBIFNRAYy3I (KS
strategy followed by each one as far as the legal protection is concerned may be visudfizpdeB4.

Figure34 Biofuels:Legal protection gategy
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Despitefrom the analysis of the paterdpplications it appears thaimpact on the commercialization of innovegi
technical solutionss decliningworldwide, the basic research seems still consistent according to the (8Btecially

articles)divulgation(Figure35).

Figure35 Biofuels: Comparison of #trends of the patent applications vs. other divulgation modalities (NPL)
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Most ofthe NPL results are produced players located within the US# the EU countries, as evident froRigure36.

Figure36 Biofuels:NPL data wrldwide
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1 Even ifthe data referring to the NPL divulgation show a trend indicating an increasing interest in recegt year
especially when considering the publicatiatelivered byinstitutions located in western countries (either USA or
EU), the trend arguable from the patent applicationgicates that there is progressivedecline in the number of
initiatives aimed at the legal protection of innovations in the biofuel fieldeast in case the productiarlieson
the use of marine resources.

1 Therelevantplayersare usuallyheadquartered in the USA or South Korea howdeer other renownedplayers
might be identified irsomeEuropean countriess(ich asSpain and France) located along the Mediterranean Sea

9 It could be worth analyzing the situatiar alternative forms of energy productigoeuch as the tidal energy or the
wind energy sector$o assess whether a greater commitment may be revealessibly becausienplementations
based on these alternative energy resourcesilddeterminethe replacement of the biofue@ NB & 2 dzND S &

The blue biotechnology fdsio-monitoring and bio-remediation involve the application of marine organisms to track,
determine, quantify and remove contaminants and pollutants released in the marine ecosysteenssd& of marine
organisms for monitoring and remediation purposes presents several advantages, such as the use of native organisms to
gain information concerning the marine environment status and the possibility of providing information helpful to protect
coastal activities or the resources upon which maniakated economic and social activities depend. Moreover, the use

of marine microorganisms and their derived products is beneficial to the environment since such compounds are
biodegradable, nofioxic and highly stable [1].

Water purificationis the process by which undesired chemical compounds, organic and inorganic materials, and biological
contaminants are removed from the water. Several municipalities and individuals are focused on reducing water
consumption and contamination. Coupled with an increasing demand for high purity water from other industries, several
industries are seeking technological solutions, sucheasvaterdesalination and process/wastewater recycling fudil

their water needs.Advanced green technology can enable them to reclaim wastewater sewage for reuse purposes,
including drinking waterTechnologies, such daternet of things (IoT)and digital twin, have the potential to enhance

the efficiency of water purification processes. Digital twin is increasingly being implemented in the water sector and offers
benefits, such as direct cost savings related to decreased waste, increffsg@dncy,and reducel downtime, and
enhanced and faster decisianaking. Companies and government agencies are working on Research and Development
(R&D) projects to explore the use cases of a digital twin for water purification.

Theglobal water purification marketis expectd to reach the total value of USD 855 million by 2025, at a CAGR of 28.7%
in the period 202@; 2025.Europeis expected to reach the value of USD 254 million in 2025, growing at a CAGR of 27.8%
from an estimated value of USD 75 million in 2020

As faras the specific subsectof the seawatedecontaminationis concerned, a dataset consistingh®3non-duplicated

patent familiescorresponding t@75patent applicationshas beeranalysed The analysisf the patent applications has

been limited, i.e. considering the priority year starting from 2017 onwafFtie main topic regarding this sector may be

I NBdzZSR O2yaARSNAY3a GKS FTNBIljdzSyoOe 2F OAGl O wRiyFguréB8E & LISOA T
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Figure37 Seawater purification] S& 6 2 NRaQ FNBIjdzSy e
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The number of patent applications filed to t@NIPA/SIPO is remarkaplenereas considering the Mediterranean region,
anot negligiblenumber of patent applications have been filed to the Spanish and French patent authorities, respectively.
Relatively consistent number of patent applications have been filed to the EB©r to the WIPO{6) authorities. Such
information may be argued upon a deeper analysis of the datEgfre38.

Figure38 Seawater purificationMap of national/supranational patent authorities

Nr. of filing events partitioned according to the earliest filing year (EP and PCT not included): List of national Earliest filing
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As can be expected thiata ofFigure39 show a consistent increase of the number of patent applications peaking around
year 20%. Moreover, from the normalized data it appears thia¢ proportion of patent applications iglevantespecially
in South Korea
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Figure39 Seawater purificationNormalization of @tent applications

Counts of patent applications’ filing events per earliest_filing_year
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As far as the European applicants of particular interestth@se headquartered in one of the countries bordering the

Mediterranean Sea are concerned, few players are headquartered in FrelE€ (A WATEHRECHNOLOGIR8s other
academic institutionsind one (INDUSTRIE DE NORAalyd ¢ K S

YEAY REGE

strategy followed by each one as far as the legal protection is concerned may be visudfizpdedO.

Figure40 Seawater purificationLegal protection gategy
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Despitefrom the analysis of the patent datarelevantimpact on the commercialization of innovative technical solutions
worldwide and especially in territories such th® Asian countries such as Chiaad South Kore#&igure38) may be

argued, basic research activities, monitored by analyzing other divulgation modalities, such as the scientific publications,
the books, the reviews, the conference proceedings and the EU funded projects appear as well ongoing worldwide, the
highest proportion being ascribed to the EU countyiesing the role played by the Chinese institution almost equivalent

as evident fronfigure4l.

Figure41 Seawater purificationNPL data werldwide
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Bioremediationimplies the use of biological resources such as plants, algae, or microorganisms to eliminate or reduce
the contaminants in polluted environments. The effectiveness and the remediation rate of the method depend on several
factors, such as the contaminatyipes and concentrations and sigpecific characteristics (e.g., temperature, moisture
content, availability of nutrients, pH of the medium and microbial community). However, this sector is consistently
evolving due to several factors. Firstly, the ristagcentration of polluted areas contributes to increase the demand of
more costeffective initiatives aimed at the recovery of contaminated water. Secondly, the problem of water scarcity is
rising the demand for new methods aimed at restoring the aquaticironments. Finally, the increasing number of the
industrial activities offering bioremediation services are pushing the market toward significant investments in R&D
activities helpful to counteract the diffuse environmental degradation.

Globally, thebioremediation marketis projected to reach USD 186,300 million in 2023, with a CAGR of 15.4% in the
forecasted period (201:-2023). Bioremediation technology has numerous applications for treating industrial wastewater
and sewage, lakes, ponds, rivers arickams, and aquacultures. The use of natural beneficial microbes in water
bioremediation accelerates the digestion of chemicals and hydrocarbons, resulting in a rapid and safe removal of toxins
present in water bodies. Notably, the application of biorenatidin technology inwater bodiesis expected to be
considered a market priority in the following years.

New bioremediation techniques focused on the treatment of freshwater and marine ecosystems are favourigg

the growth of several market opportunitie®hytoremediation, which involves the use of plants or algae %‘/1
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reduce or eliminate the toxic elements from the environment, have held the largest market share in the past years. Hence,
this market is expected to grow up to USD 41.9 billion by 2023 withjaqteal CAGR of 13.7%. The water bodies segment
is dominant in the global phytoremediation market, followed by natural calamity affected areas. The water bodies
segment application for phytoremediation is expected to reach globally USD 41.9 billion by 2023.
Overall, site remediation activity is increasingurope Several fulscale projects have been carried out, leading to better
understanding the advantages of bioremediation, especially for contaminated soils. Phytoremediation technology is
expected toreach USD 23.4 billion by 2023. TWater bodiessegment application for bioremediation in Europe is
expected to reach USD 28.3 billion by 2023 [3].

Figure42 European Bioremediation Market, by Application, 2022023 (USD Millions)
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As far as the specific subsector of the remediation (not necessardgradminatedseawater) is concernedh dataset
consisting of 476 non-duplicated patent familiesorresponding td®390 patent applications has been analyzed.
No limitation is assumedconcerninghe | LILJ A GilingtiméfrgrieQThe main topic regarding this sector may be

z
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The number of patent applications filed several national patent offices, especiathe CNIPA/SIPRut also the USPTO,
the KIPO and the JH®remarkable, whereas considering the Mediterranean regiompt negligiblenumber of patent
applications have been filed to the Spanish and French patent authorities, respectwtlalso to the Italian and
Slovenian patenbffices Relatively consistent number of patent applications have been filed to the E3Dof to the
WIPO 167) authorities The data taken altogether suggest that the tosaconsideredf utmost importancealmost
everywhere Such information may begued upon a deeper analysis of the data=ajure44.

Figure44 Remediation:Map of national/supranational patent authorities

Nr. of filing events partitioned according to the earliest filing year (EP and PCT not included): List of national Earliest filing
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As can be expected the datafeifjure45 show a consistent increase of the number of patent applications peakitige
timeframe 2010 + 2015Moreover, from the normalized data it appears that the proportion of patent applications is
relevant especially in South Kordaut in recent yearshe proportion of patent applications filed to the Spanish patent
office has been as well considerable.

Figure45 Remediation:Normalization of @atent applications
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Figure 46 Remediation:Legal protection gategy

Partition of the assignees based on the number of patent families and the
respective country of residence (Note: coverage may be not completel):
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Despitefrom the analysis of the patent datarelevantimpact on the commercialization of innovative technical solutions
worldwide Figure44) may be argued, basic research activities, monitored by analyzing other dienlgaddalities, such

as the scientific publications, the books, the reviews, the conference proceedings and the EU funded projects appear as
well ongoing worldwide, the highest proportion being ascribed to the EU countries, being the role played byndgseChi
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institution almost equivalent, as evident frorigure47.

Figure47 Remediation: NPdata worldwide
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As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the
Mediterranean Sea are concerned, few players are headquartered in FlaX¢QHESENVIRONNEMENPBSs other
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1 Whilethe analysis of the legal protection tife technologies aimed at the seawater purification has been limited
to the most recenpriority years nolimitation has been imposed to theneframeof patent applications focusing
on the remediationtechniques(not necessaril restricted to the issue dealing witlhe seawater contamination).

In the former case¢he amount of patent applications filed to supranational authorities appears quite modest
despite400 patent applications have beeecentlyfiled to the Chinese patent authoritynstead the interestfor

the remediation technologieseems widespregdalthough a slight decline in the number of patent applications
could be noticed aftethe year 2015.

1 As far agesidens of the European countries bordering the Mediterranean Sea are conceangahall numbepf
applicants/assigneeis detectablein FrancVEOLIAVATER TECHNOLOGIEXOCHEMS ENVIRONNEMENTS
while severalothersmay beheadquarteredn the USAQuite oftenthe development of remediation technologies
may bebased on the use of enzymés.g. nitrilase) which mayfunction in harsh condition (high salinity
temperature above 100 SGke in the case of deepea thermal verg, or below 0°C in arctic waterto be used for
the detoxificationof waste(studied byVERENIUMurrently belonging to BASFAnother US compangctive in
the same field iSNEOZYME INTERNATIQN&ddicatingefforts for developing enzymegpreventing issues
originating by the treatment othe sewage sludge.

1 The commitment of the European players appears guétearkable essentially in casthe divulgation of technical
principlesis achievedy means of NPL documents, eitt@mmsideringthe technologiesspecificallyaimed at the
seawater decontamination or those aimed tite remediation technology It is then likely thatthe European
institutions arerather involved in basic research initistisand seldom foresee the possibility of exploiting the
technical solutionsleveloped

Although the number oftie patent owners can be estimated on the ordersefveral hundredsa selection of the top
players is displayed iRigure48. The top players may be ranked accordinghe respective amount of patent families
owned (as shown in the leftmost bar diagram) or, alternatively, selected upon combining the patent applications to the
granted patents for each ranked applicant (rightmost bar diagram). The pie diagram includegaagdrdata useful to
estimate the average grant rate whichabnost 424
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Figure48 CosmeticsRanking of the applicants basezh the patent application number and grant rate

Patent families’ nr. per assignee: Legal status of the patent applications:
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Irrespectively from the ranking, there may be other players worth of consideratieimgthe expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has been alreaglanticipated Figire 19 ¢ How to read this documentA more synthetic indication reflecting the expected
lifespan of the granted patents might be argued from the followkigure49. There are several Frencbmpanies owning
patents whose lifespan is considerably heghf compared to the patents owned by renowned French players such as

[ Qhwo! [ @

Figure49 CosmeticsResidual validity ofyranted patents (data from EP Register)
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The results of the assessment of the triadic families are showigumre50.
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Figure50 Cosmeticssome of he Triadic families
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There areplenty of patent applicantsorresponding to triadic patent families. These data taken altogether suggest that
there is a consistent margin of implementationte€hnologies/productdbased on marine biomass resources

Legal implications may also depend on the dimension of the patent families, which is another indicatararhth&ément

of a specific assignee/applicatdward ensuring the exclusivity of the IPRsal multiplicity of countries. The diagram
displayed inFigure51 takes in consideration the applicants aggregated because of a common location of the respective
premises (the country of residence). Althougtome information may be missing, am the case of applicants
headquartered ireastern countriesquite often the patent families corresponding to patent applications filed toAbkian

patent authoritiesconsist ofone member only (cases of utility models are not included in the analysis), being equivalent
patent applications seldom filed to foreigner patent authoritid$is is quite evident in the case of patent applications
filed to the KIPOON the other hand, th patent families of the applicants located in Western countries include several
members corresponding to applications filed to a multiplicity of patent authorities and this option is particularly evident
as far as the US applicants are concerned.

Figure51 CosmeticsRanking of the country of residence of the players based on the patent family dimension
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Although the number oftte patent owners can be estimated on the ordeoog hundred a selection of the top players

is displayed irigure52. The top players may be ranked according to the respective amount of patent families owned (as
shown in the leftmost bar diagram) or, alternatively, selected upon combining the patent applications to the granted
patents for each ranked applicant (rightmdsar diagram). The pie diagram includes aggregated data useful to estimate
the average grant rate which gdightly higher than 40%.

Figure52 PharmaceuticsRanking of the applicants basexh the patent application number and grd rate

psn_name

Patent families’ nr. per assignee:

TAIYO KAGAKU COMPANY " 17
SHANDONG ZHONGHAI ... I =
CHINESE ACADEMY OF S... [N 7
ARC PHARMACEUTICALS [l 3
SHANGHAIJIAO TONG U... Il 3
SUGIYO Il 3
ARC MEDICAL DEVICES M 2
BEIJING BAILENING BIOL... M 2
BIOTECHMARINE | 2
CHONNAM NATIONAL U... | 2
DYNEBIO M 2
EXPLOITATION DE PROD... M 2
FUJIAN AGRICULTURE A... M 2
HARBIN INSTITUTE OF TE... M 2
IJIMA CORPORATION M 2
INDUSTRY ACADEMIC C... [ 2
KUREHA CHEM IND COM... | 2
MIKIMGOTO PHARMACEU... I 2

Legal status of the patent applications:

granted ®N @Y

psn_name

ARC MEDICAL DEVICES
TAIYO KAGAKU COMPANY
BIOTECHMARINE

SOCIETE D'EXPLOITATIO... [FIF

ARC PHARMACEUTICALS
SHANDONG ZHONGHAI ..
THE POPULATION COUN...

YAKULT HONSHA COMP...

BASF BEAUTY CARE SOL...

0 50
DOC_COUNT

Overall patents’ grant rate:

158
(41,25%)

0 10 20
Somma di FAM_COUNT

granted
Ricerca titolare per Stato concessione: oN
denominazione: N oy
Search =4 Y

225 (58,75%)

Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has teen already anticipateqFigire 19¢ a | 22 NB I R i KAMmoR 3ydttevcSintication reflecting the
expected lifespan of the granted patents might be argued from the followiggre53.

Figure53 PharmaceuticsResidual validity of granted patents (data from EP Register)

Patents partitioned per owner:

psn_name Publication_Nr fee_rene |EXPIRY_days Ji
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The results of the assessment of the triadic families are showigure54.

Figure54 Pharmaceuticssome of he Triadic families

psn_name person_ctry_code | PUB Conteggio di famiglie
ARC MEDICAL DEVICES CA EP2459200 1
ARC MEDICAL DEVICES CA EP3300737 1
BAI, DONG GYU KR EP1848401 1
BASF (BADISCHE ANILIN & SODA FABRIK) us EP3127535 1
BASF BEAUTY CARE SOLUTIONS us EP2066299 1
BASF BEAUTY CARE SOLUTIONS us EP2633851 1
BEIJING BAILENING BIOTECHNOLOGY COMPANY CN EP3006034 1
BIOTECHMARINE FR EP3261727 1
DAMYANGKUN KR EP1848401 1
FIRMENICH CH EP3174548 1
IJIMA CORPORATION P EP1312370 1
[JIMA CORPORATION JP EP1312375 1
PINGHU SCISCAPE BIO-PHARMACEUTICAL TECHNOLOGY CN EP3006034 1
COMPANY

SHENYANG KESI HIGH-TECHNOLOGY COMPANY CN EP2778178 1
SOCIETE D'EXPLOITATION DE PRODUITS POUR LES FR EP3261727 1
INDUSTRIES CHIMIQUES SEPPIC

SUZHOU SCISCAPE BIO-PHARMACEUTICAL TECHNOLOGY CN EP3006034 1
COMPANY

Excluding some patents owned by ARC MEDICAL DEVICES (already includeddod shtabe historiespther players
characterized by a relevant commitment include BAS& BIOTECHMARINE, rather involved in the production of anti
aging compositionsHowever there may be also applicatiorsmed at glucose reduction in the blood (¢£23174548
owned by FIRMENICId)y at the prevention of chronic hepatitis (eg. ER2370) or cancer (EB12375) beingboth
patents owned by IIJIMA CORPORATION.

Legal implications may also depend on the dimension of the patent families, which is anothatandf the commitment

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram
displayed inFigure55 takes in consideration the applicants aggregated because of a common location of the respective
premises (the country of residence). Although some information may be missing, as in the case of applicants
headquartered in eastern countries, quite often thatent families corresponding to patent applications filed to the Asian
patent authorities consist of one member only (cases of utility models are not included in the analysis), being equivalent
patent applications seldom filed to foreigner patent authi@$. This is quite evident in the case of patent applications
filed to the KIPO. On the other hand, the patent families of the applicants located in Western countries include several
members corresponding to applications filed to a multiplicity of patmhorities and this option is particularly evident

as far as the US applicants are concerned.
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Figure55 PharmaceuticsRanking of the country of residence of the players based on the patent family dimension

Earliest filing year:
1998
2000
2001
2002
2003
2004
2005
2006
2007
2009
2010

Partition of the patent families based on the family dimension:

country of resid.

D1 1111
Country of Patent family
residence of the dimension.:
R assignee:

1
2
DE 3
4

c m
~ wy
" EE
-
205

5

6

5 10 15 20 25 30 E‘; ;
FAM_count 9

DIM @1 @2 83 04050507 @3 09010012016 1

.,

Although the number oftite patent owners can be estimated on the ordersefveral hundredsa selection of the top
players is displayed iRigure56. The top players may be ranked according to the respective amount of patent families
owned (as shown in the leftmost bar diagram) or, alternatively, selected upon combining the patent appéicatthe

granted patents for each ranked applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to
estimate the average grant rate whichasound 434.

Figure56 Nutraceuticals:Ranking of the applicats basedon the patent application number and grant rate

Patent families' nr. per assignee: Legal status of the patent applications:
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JEJU NATIONAL UNIVERS... I 14
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Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in tetgilatent documents of a specifigz 128
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applicant has been already anticipat@dgire 19¢ Howi 2 NB I R i K.;Adnor& Kridrac Bigication reflecting
the expected lifespan of the granted patents might be argued from the followiggre57.

Figure57 Nutraceuticals:Residual validity of granted patents (data from EP Register)

psn_name Publication_Nr fee_renewal_year | EXPIRY_days §
v

Patents partitioned per owner:
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The results of the assessment of the triadic families are showigure58.

Figure58 Nutraceuticals: some oftte Triadic families

Conteggio di famiglie

person_ctry_code PUB

psn_name
a

AQUACAL IE EP0966295 1
ASCUS BIOSCIENCES us EP3400285 1
BAI, DONG GYU KR EP1848401 1
BEUJING BAILENING BIOTECHNOLOGY CN EP3006034 1
COMPANY

BIOMEDICAL RESEARCH GROUP P EP1676908 1
BIOMEDICAL RESEARCH GROUP JP EP1961823 1
BIOMEDICAL RESEARCH GROUP P EP2444480 1
BOTANIC CENTURY (BEIJING) COMPANY CN EP2477639 1
CNRS (CENTRE NATIONAL DE LA RECHERCHE FR EP2919797 1
SCIENTIFIQUE)

CORBION BIOTECH us EP3082459 1
COUNCIL OF SCIENTIFIC AND INDUSTRIAL IN EP2063721 1
RESEARCH

DAMYANGKUN KR EP1848401 1
DSM IP ASSETS (DUTCH STATE MINES IP NL EP1251744 1
ASSETS)

DSM IP ASSETS (DUTCH STATE MINES IP NL EP2338974 1
ASSETS)

Having already remarked that the documents included in the triadic patent fanslwesild have relevant technical
elements it is noteworthy that in the EP0967295 (AQUAUGHISs) claimedthe production of foodtuff whose content is

rich of mineral substaneextracted fromCorallinaceadred algae)Seaweeds also contain substancadministered as
foodstuff, used to stimulate the immuneesponseas in the case of BIOMEDICAL RESEARCH GROUP (EP1676980
EP1961823EP2444480)
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Legal implications may also depend on the dimension of the patent families, which is another indicataarhthiégment

of a specific assignee/applicatdward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram
displayed irFigure59takes in consideration the applicants aggregated because of a common location of the respective
premises (the country of residence). Although some informatioay nibe missing, as in the case of applicants
headquartered in eastern countries, quite often the patent families corresponding to patent applications filed to the Asian
patent authorities consist of one member only (cases of utility models are not incindeé analysis), being equivalent
patent applications seldom filed to foreigner patent authorities. This is quite evident in the case of patent applications
filed to the KIPO. On the other hand, the patent families of the applicants located in Westanrtriesunclude several
members corresponding to applications filed to a multiplicity of patent authorities and this option is particularly evident
as far as the US applicants are concerned.

Figure59 Nutraceuticals:Ranking of thecountry of residence of the players based on the patent family dimension
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1 As already observed when analyzing the market scenario for each ofitbe subsectors, the number of patent
owners/applicantsdentified is higher in thdields of cosmetics andutraceuticalsthan in the sector specifically
dealing with the pharmaceutics

1 However, comparing the overall grant rate specific for eaghsector, no substantial difference emergéeing the
rate around 40%in each case

1 As carbe noticed following a deeper inspection of the patent documeintshe pharmaceutics sector there may be
applications dealing with needfor examplesatisfied byanti-aging products, that may be as well coveredésults
emergingwhen focusing the angsis onthe cosmetics sectorLikewise, there may be players such as the French
company FERMENTAWBOo own patents retrieved either investigating tipharmaceutics sectofFR3085962A1a
patent application regarding the extraction pbly-unsaturated fatty acid§rom marine animalgo be used for
pharmaceutical, cosmetic or food composit)ar the rutraceuticalsdataset.

1 As far as the cosmetics sector is concerned, a multiplicity of comparagse detectedincluding the renowned
coNLJ2 NI G S, ehch havifg filedecently at least one patent application to th&rench patent 45128
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authority. However, upon analyzing the residual validity of thepectivepatents it turns out thaton average the
NBE&ARdzr £ @I £ ARAGE 2hEs siig@dsting that maydbdivisthindestigatingttie Addivities of
competitorcompaniesvho likely try tolegallyprotect technical elementthat couldbe more innovative.

1 As alreadyargued from the inspection of the sector Fishery agkgiaculture when focusing on the patent family
dimension, even ifhe coverageof such datamay be partialjn general the strategy of the Asian applicadifers
from that characterizingthe US and European applicantsecausein the latter case a multlicity of patent
applicationsis usuallyfiled to protect simultaneously the same invention in different territories

Although the number oftie patent owners can be estimated on the ordersefveral hundreds, a selection of the top
players is displayed iRigure60. The top players may be ranked according to the respective amount of patent families
owned (as shown in the leftmost bar diagram) or, alternatively, selected upon combining the patent appéidatthe

granted patents for each ranked applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to
estimate the average grant rate whichgaite low (around 11%). It is worth reminding that the datasentsists of 530

non duwlicated patent familiesyet the timeframehas been limited considering the priority years from 2@bivards
therefore several patent applications mawrrently undergo the examination procedure.

Figure60 Soil fertilization: Rarking of the applicants basedn the patent application number and grant rate

Patent families’ nr. per assignee: Legal status of the patent applications:

granted ®N @Y
CHINESE ACADEMY OF 5.

XUANCHENG YUNXIANG...
FRESHWATER FISHERIES ...
NANNING ZHIQIAO AGRI...
SHANDONG SANFANG C...
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CHENGDU ZHONGYI SY...
CHONGQING KANGDIAQ...
CHONGQING KUXIONG ...
DONGLAN WANGDA CH...
FOSHAN CITY SANSHUI ...

KIVERDI

INJEKTA ENVIRONMENTAL
INOCUCOR TECHNOLOGL...
NIPPON STEEL CORPORA...
NSSMC (NIPPON STEEL ... [IIFEEE
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[ SR TY I}
s
s

psn_name
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granted
Ricerca titolare per Stato concessione: oN
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Search Y

449 (88,91%)

Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has been alreag anticipated(Figure 19 ¢ éHow to read this documeét A more synthetic indication reflecting the
expected lifespan of the granted patents might be argued from the followiggre61. As explained abové,is not much
surprising that the number of patent documents is quite smiair the same reason no data are currently available
regarding the Triadic patent families. 46/128
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Figure61 Soll fertilization: Residual validity of granted patents (data from EP Register)

psn_name Publication_Nr EXPIRY_days fee_renewal_year
BYWATER-EKEGARD, MARGARET US2014120601 3693 4
BYWATER-EKEGARD, MARGARET US9175258 3693 4
COCHRAN, KEITH EP2694456 3777 9
FITZSIMMONS, ANANDA US2014120601 3693 4
FITZSIMMONS, ANANDA US9175258 3693 4
INOCUCOR TECHNOLOGIES US2014120601 3693 4
INOCUCOR TECHNOLOGIES US9175258 3693 4
MALCOM, DOMINI EP2694456 3777 9
THOMPSON, HAROLD E. EP2694456 3777 9
XENIKIS, TOULA EP2694456 3777 9

Legal implications may also depend on the dimension of the patent families, which is another indicatararhth#gment

of a specific assignee/applicatdward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram
displayed irFigure62 takes in consideration the applicants aggregated because of a common location of the respective
premises (the country of residence). Although some informatioay nbe missing, as in the case of applicants
headquartered in eastern countries, quite often the patent families corresponding to patent applications filed to the Asian
patent authorities consist of one member only (cases of utility models are not incindeé analysis), being equivalent
patent applications seldom filed to foreigner patent authoritiesen ifa similar trends revealed, more data are required

to corroborate such conclusion.

Figure62 Soil fertilization: Rankingof the country of residence of the players based on the patent family dimension

Partition of the patent families based on the family dimension: Earliest filing year.
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1 Having already noticed that most patent applications have been filed to the Asian patent authorities, especially to
the CNIRVSIPO, it seems not muclsurprising that a consistent portion of information regarding the legal status is
missing

1 Consistently withthe analysis of the market scenayifsom the scarcelegal status information is arguabteat

someplayers resident in thélorth America (USA KIVERD&nd Canad#@d INOCUCOR TECHNOLQG‘IJ%S128
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and Australia (INJEKTBNVIRONMENTAAve filed a consistent number of patent applicatiomile only few
playersamongthose headquarteredin the Asian countriescored comparablamounts of patent applications
filing events most of them having filedt mostone or two patent applications

Thenumber of he patent ownerss less than one hundreé selection of the top players is displayed-igure63. The

top players may be ranked according to the respective amount of patent families owned (as shown fitntbstlear
diagram) or, alternatively, selected upon combining the patent applications to the granted patents for each ranked
applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to estimate the average grant rate
which is alnost 50%.

Figure63{ SI 2 NH I y A dRenkiqy ofRHe ¥ifplitant® Ba¥esh the patent application number and grant rate

Patent families’ nr. per assignee: Legal status of the patent applications:

granted ®N @Y
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Irrespectively from the ranking, there may be other players worth of consideration, being the expdespauti of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has been already anticipatedFifure 19 ¢ édHow to read this documeé&t A more synthetic indication reflecting the
expected lifespan of the granted patents might be argued from the followiggre64.
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Figure64{ SI 2 NHI y A Reésid@l valiBity & Jrantéd pétents (data from EP Register)
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psn_name Publication_Nr |fee_renewal | EXPIRY_days
ear AIST (NATIONA... I

Y - ADVANCED GE... I -
BREVNOVA, EL... I -
PUKYONG NATIONAL KR101497525 6 4374 CODEXIS I
UNIVERSITY INDUSTRY- COLOFEALETOTSJ(IIM —
UNIVERSITY COOPERATION B I
FOUNDATION GANDHI, CHH... I
GENOCHECK C... I
PUKYONG NATIONAL KR20140140317 6 4374 INJE UNIVERSITY I -
UNIVERSITY INDUSTRY- . ﬁéﬁéﬁ'g&ﬂ‘" I -
.. I :
UNIVERSITY COOPERATION £ KOREAUNIVER . I -
FOUNDATION ' KRIBB (KOREA ... I -
w o
AIST (NATIONAL INSTITUTE  EP2913400 8 4159 & LEE DONG SEOK I—"
OF ADVANCED INDUSTRIAL MASCOMA CO... I
MCERIDE, JOHN I >
SCIENCE AND PUKYONG NAT... I 2
TECHNOLOGY) METI RAJGARHIA, VI... I >
TEL AVIV UNIV... I -
HAINAN UNIVERSITY EP2889307 8 4079 THE UNITED ST I -
CODEXIS US2016244787 4 3970 UNIVERSITY OF... I
WARNER, ANNE I

CODEXIS Us9714437 4 3970 BASF PLANT SC... I

KOREA UNIVERSITY KR101349436 7 3914 CARNEGIE INS... I—_" -

7 0 1 2 3

KOREA UNIVERSITY KR20130097538 3914

Conteggio di Publication_Nr

The results of the assessment of the triadic families are showigimre65.

Figure65{ S| 2 NHI y A &ofme of tha Bigde fakil@s Y &

psn_name person_ctry_code | PUB Conteggio di Famiglie
BASF PLANT SCIENCE (BADISCHE ANILIN & SODA FABRIK ~ DE EP1356067 1
PLANT SCIENCE)

CHROMAXOME CORPORATION us EP0822990 1
COVIDIEN us EP2316355 1
HAINAN UNIVERSITY CN EP2889307 1
KOCHI UNIVERSITY JP EP2383337 1
MICRO THERAPEUTICS us EP1761178 1

Having already remarked that the documents included in the triadic patent families shouldrél@vant technical
elements, it is noteworthy that in the EB56067(BASF PLANT SCIEN@HESclaimed thenalysisof the genomes ofhe
algaeuseful to producerecombinantpoly-unsaturated fatty acid¢pls. refer also to thé htraceuticalg sub-sector, see
the patent applicationof FERMENTAL@garding the PUFA productipRR3085962A1 The patentof CHROMAXOME
CORPORATION (EP0822990) concerns the genetic screening of imemitebrates to be used as sourcé novel
compoundsin the pharmaeutics sector however from the dashboard referring to the residual validifythe patentit
can be argued thathe underlying technology may be out of dafehe patent of HAINAN UNIVERIS(EP2889307)
concernsghe production of a recombinant molecu(&-conotoxin,the natural formof such molecule beingecreted by a
carnivore mollusc livingn the tropical seasuseful to modulate the action of several neustimulator. The patent of
KOCHI UNIVERSITY2@8B337)claims about genetic engineering techniques applicable to the alghiée the patent of
MICRO THERAPEUTICS (EP176b&k8)gs to the same patent family of Z316355 (COVIDIEN) and concerns the
production ofdevicescoated with biomolecules andseful tothe treatment of aneurisms.

Legal implications may also depend on the dimension of the patent families, which is another indicator of the
commitment of a specific assignee/applicaotvard ensuring the exclusivity of the IPRs in a multiplicity*8fL28
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countries. The diagram displayed Figure66 takes in consideration the applicants aggregated because of a common
location of the respective premises (the country of residgnB@cethe datasetregarding the genetics of sea organisms
includes only 203 non duplicated patent families amhsidering thasome informationregarding the family dimension

may be missingthe differentiation of applicants respectively resident in eastern and western coungigsesent but
barely detectable.

Figure66{ S| 2 NH | y A &R¥rkify o2 yolrirp ddrésitience of the players based on the patent fauiilyension
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1 Having alreadynentioned that the dataset concerning the genetics tbie sea organisms isne ofthe smallest
datasetsanalyzedjt seems not much surprising that a consistent portion of information regarding the legal status
is missing.This situation may be also determined by the fact thraist of the patent applications are filed to the
CNIPA/SIPO authority

1 Neverthelessthe analysis of the legal status evidenced that sev@eglers of the western countrieeg. DANISCO,
BASF PLANT SCIENCE and UNIL&¥HER)Juded among the players who scored the highest numbers of patent
applicationsandthe highest grant rate.

1 Additional players, either headquartered in eastecountries (HAINAN UNIVERSITY, KOCHI UNIVERSHTY
western countries(BASF PLANT SCIENTEYIDIENpwn patents claiming relevant applicability adifferent
approachesll based on the biotechnologies

Thenumber of e patent owners iseveral hundreda selection of the top players is displayed-igure67. Suchtop

players may be ranked according to the respective amount of patent families owned (as shown in the leftmost bar
diagram) or, alternatively, selected upon combining the patent apiitina to the granted patents for each ranked
applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to estimate the average grant rate
which is44%.
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Figure67 Biofuels:Ranking of the applicants basezh the patent application number and grant rate
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From the above diagram is quite impressive that despite HELIAE DEVELOMMRENMThumber ofpatent families
comparable to those of the other top playerthe number of applications filed by such player is much higher than
number of applications filed by each of the other competitors andrthmber of granted patents is consistent as well.

Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has been alreadwnticipated Figire 19 ¢ é¢How to read this documeét A more synthetic indication reflecting the
expected lifespan of the granted patents might be argued from the followiggre68.

Figure68 Biofuels:Residual validity of granted patents (data from EP Register)

Patents partitioned per owner:
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Quite interestingly, athe patents listed above have a consisteasiduallifespan This evidencappears rathesurprising
in virtue of the obseration that the trend of the patent applications is progressively decliaiitgy yr. 2015pls. refer to
the market scenario)The results of the assessment of the triadic families are shoviaigure69. Even if not appearing
in the table, there are several patent families owned by HELIAE DEVELORMENWwners are US residents.

Figure69 Biofuels: some ofhe Triadic families

psn_name person_ctry_code | PUB Conteggio di famiglie
ALLTECH us EP2732025 1
BERGEN TEKNOLOGIOVERFORING NO EP2582776 1
BIOGENIC INNOVATIONS us EP2493464 1
BIOGENIC INNOVATIONS us EP2494059 1
COLORADO STATE UNIVERSITY us EP2097506 1
COLORADO STATE UNIVERSITY us EP2545157 1
CORBION BIOTECH us EP2670855 1
CORBION BIOTECH us EP3643774 1
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH AN IN EP2475776 1

INDIAN REGISTERED BODY INCORPORATED UNDER THE
REGISTRATION OF SOCIETIES ACT (AC

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH IN EP2619303 1
CSIRO (COMMONWEALTH SCIENTIFIC AND INDUSTRIAL AU EP2798066 1
RESEARCH ORGANISATION)

DEPARTMENT OF BIOTECHNOLOGY, MINISTRY OF SCIENCE & IN EP3098318 1
TECHNOLOGY

DSM IP ASSETS (DUTCH STATE MINES IP ASSETS) NL EP2198038 1
FCHFVARRIA PARRFS ANTONIO IOSF MY FP2302019 1

Legal implications may also depend on the dimension of the patent families, which is another indicatararhth&ément

of a specific assignee/applicatdward ensuring the exclusivityfdahe IPRs in a multiplicity of countries. The diagram
displayed irFigure70takes in consideration the applicants aggregated because of a common location of thetiespe
premises (the country of residencéjaving noticed from the analysis of the market scenario that most applications are
filed by US resident applicants and applicants headquartered in South Kadssagt surprising thaboth countries score

the highest positionThe main differenceoncerns the strategy of protectipasrevealed by the different distribution of

the respective patent family dimensiott is noteworthy that onepatent family owned by one US applicant includes 125
family members.

Figure70 Biofuels:Ranking of the country of residence of the players based on the patent family dimension

Earliest filing year:
2003
2005

Partition of the patent families based on the family dimension:

DIM ®71028304858507 8300011912013 074815817 810 823 825 926 ®35 8125
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1 Even if it may seem that there is a progressive dedinghe patent applicationswhile a countatrend emerges
from the NPL documentsjany playersusually headquartered in the USA or in South Karea, patents showing
a consistent residual lifespatherefore the commitment toward théegalprotection of technologies aimed at the
production of biofuels obtained from the marine biomassti#i consistent.

1 The above stateent is corroborated by the fact thateveral players are also included in the list of the triadic
families, being thelayer HELIAE DEVELOPMENT owngkt piatent families included among the triadic families.
According to the technology describedseverad patent documents (EB555631 EP2556136tc.) the goal is that
of using thealgalbiomass to separate the proteins to loecorporated in food products from lipids to be used as
renewable fuels

9 Similar approaches are followed by other players fdg.TECH Incwhile alternative approaches may be based
on the fermentationenhanced by microorganisnieg.BIOGENIC INNOVATIONS, EP2494@5@se of algae for
enhancing the fermentation i€laimed. To discover alternative modalities of biofuel productiandeeper
examination of the list including the triadic families is recoemded.

Thenumber of e patent owners is several hundred, a selection of the top players is displaygguire71. Such top
players may be ranked according to the respective amount of patent families owned (as shown in the leftmost bar
diagram) or, alternatively, selected upon combining the patent applications to the granted patents for each ranked
applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to estimate the average grant rate
which isslightly less than 3%.

Figure71 Seawater purification:Ranking of the applicants basezh the patent application number and grant rate

Patent families’ nr. per assignee: Legal status of the patent applications:
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Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail thetitenments of a specifigz ;g
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applicant has been already anticipatéeigire 19 ¢ How to read this documeét A more synthetic indication reflecting
the expected lifespan of the granted patents might be argued from the followiggre72.

Figure72 Seawater purificationResidual validity of granted patents (data from EP Register)

Patents partitioned per owner:

psn_name Publication_Nr |EXPIRY_days fee_renewal_year [
- VEOLIA WATER SOLUTI... s

CEA (COMMISSARIAT A FR3077069 6191 3 AIZENBERG, JOANNA I
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The results of the assessment of the triadic families are showigure73.

Figure73 Seawater purificationsome of he Triadic families

psn_name person_ctry code PUB Conteggio di famiglie
AQUAPORIN DK EP2958662 1
AQUAPOCRIN DK EP3524338 1
BASF (BADISCHE ANILIN & SODA FABRIK) DE EP3003540 1
CHENG XIAOLING CN EP3347310 1
EFFLUENT FREE DESALINATION us EP3237335 1
CORPORATION

GE (GENERAL ELECTRIC COMPANY) us EP2768776

HARVARD UNIVERSITY us EP2665782 1
HARVARD UNIVERSITY us EP2665783 1

Upon a rapid examination of the list of the triadic families it can be argued that séweeations concern methodologies
appropriate for removing contaminants from wateor example in the case of the patents owned by AQUAPORIN or
BASF. However, it ses that the commitment of such players@&her based in the water purification irrespectively from

the fact thatthe technical principle maybe not necessarilybased on the biological treatment of wateDespite the
search queryhas been tailoredto include those patent documents where a biologic agent is used to treat the
contaminated waterthe evidence suggests that this methodology may be mentioned riglaively little number of
patent documents that may be isolated from the datasktrough estimabn revealghat about 16% of the resultsleal

with biologic agents used for purifying the water and in most cases the patent assignees are headquartered in the Asian
countries

Legal implications may also depend on the dimension of the patent families, which is another indicatararhth#gment

of a specific assignee/applicatdward ensuring the exclusivity of the IPRs in a multiplicity of countries. The

diagram displayed ifrigure74takes in consideration the applicants aggregated because of a common Ioc5a i(l)%8
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of the respective premises (the country of residence). Having noticed from tHgsisaf the market scenario that most
applications are filed by US resident applicants and applicants headquartered in South Korea, it is not surprising that both
countries score the highest position

Figure74 Seawater purificatbn: Ranking of the country of residence of the players based on the patent family dimension
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Thenumber of e patent owners is several hundred, a selection of the top players is displayéguire75. Such top
players may be ranked according to the respective amount of rgaf@milies owned (as shown in the leftmost bar
diagram) or, alternatively, selected upon combining the patent applications to the granted patents for each ranked
applicant (rightmost bar diagram). The pie diagram includes aggregated data useful to edtimaiverage grant rate
which is slightly less tha#0%

Figure75 Remediation:Ranking of the applicants basexh the patent application number and grant rate

Patent families' nr. per assignee: Legal status of the patent applications:
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Irrespectively from the ranking, there may be other players worth of consideration, being the expected lifespan of the
respective patents considerably long. The possibility of analyzing in detail the patent documents of a specific applicant
has been alreag anticipated (Figre 19 ¢ é¢How to read this documeét A more synthetic indication reflecting the
expected lifespan of the granted patents might be argued from the followiggre76.

Figure76 Remediation:Residual validity of granted patents (data from EP Register)

Patents partitioned per owner:

Publication_Nr |fee_renewal_year |EXPIRY_days
v

MCALISTER TECHNOLOGI... —
MCALISTER, ROY, EDWARD I s

EXOCHEMS FR3068688 4 5037 YVLECO I -
ENVIRONNEMENT MCALISTER, ROY, E. [N 10
i} MEDOFF, MARSHALL [ &
CYCL-ADD EP3269526 4 5582 VERENIUM CORPORATION mm «
BRGM FR3052171 5 5540 FINANCE DEVELOPPEME... I >
DONGWON ENGINEERING ~ KR101695977 4 5487 ‘é’i‘CSKTE%?EF%LEELRSS'b- 3
COMPANY BURNHAM, JEFFREY C.
HANYANG FILTERS & KR101653939 4 5396 2 CARBONSCAPE
L M0
CORPORATION g DADI, ANANTHARAM
CHOI, JIN-O KR101619454 5 5378 D?ETMS’LEQQ\),'(E
YONSEI UNIVERSITY KR101660469 4 5327 GREEN EXTRACTION TEC..
KOREA ATOMIC ENERGY ~ KR101739725 4 5245 GREENSTRACT
RESEARCH INSTITUTE COREA eiErT BARRY, K.
KOREA ATOMIC ENERGY ~ KR20170020084 4 5245 LINCK, MARTIN, B.
RESEARCH INSTITUTE MARKER, TERRY L.
MASTERMAN, THOMAS, ... M =
MICROMAX KR101739725 4 5245 MEDQFF, HARRISON D. M >
MICROMAX KR20170020084 4 5245 0 20
<;/‘|M CVCTEMAC [alale el Telata¥] C :1'&;’\v Ccnleggm dl Pub\icatimniNr

The results of the assessment of the triadic families are showigure77.

Figure77 Remediation: some offie Triadic families

psn_name person_ctry_code |PUB

AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION AU EP2715738
AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION AU EP3425639
JUPENG BIO CN EP3046996
JUPENG BIO CN EP3495453
CNRS (CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE) FR EP2504096
CNRS (CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE) R EP3260196
UNIVERSITE MONTPELLIER 2 SCIENCES ET TECHNIQUES FR EP2504096
UNIVERSITE MONTPELLIER 2 SCIENCES ET TECHNIQUES FR EP3260196
NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES P EP3406572
CARBONSCAPE NZ EP2782667
APPLIED RESEARCH ASSOCIATES us EP3481919
BP CORPORATION NORTH AMERICA us EP1861506
BP CORPORATION NORTH AMERICA us EP2949756
CHZ TECHNOLOGIES uUs EP3397604
CIRIS ENERGY uUs EP3256546
CIRIS ENERGY uUs EP3268453
DADI, ANANTHARAM us EP2864364
GAS TECHNOLOGY INSTITUTE us EP2739571
GAS TECHNOIOGY INSTITHITE 1< FP21RAREA

Despite the tableshows a partial result, most of the triadic family patents are owned by XYILE@QOn the
A500G2N) NBIFNRAYI GKS a{ St sl SN Lidok F haGibniioh tReyresults®¥ 8% Ay G
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deals withmethodologies base@n natural resourcesfor example the use @flgae extract(slightly less than 22% of the
patent families included in the dataséh most cases being claimed a deodorizing substantenicrobial origin)

Legal implications may also damd on the dimension of the patent families, which is another indicator o€tmmitment

of a specific assignee/applicatdward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram
displayed irFigure78takes in consideration the applicants aggregated because of a common location of the respective
premises (the country of residence). Having noticed from the analysis of the market scéranndst applications are

filed bythe US resident applicants artle applicants headquartered the Asian countriesit is not surprising thatS

and Asian residentscore the highest positian

Figure78 Remediation:Ranking of the country of residence of the players based on the patent family dimension

Earliest filing year:
2008
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2014
2015
2016
2017
2018
2019
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Although the coverage of the data may be partial and despite the smaller numbpateit families corresponding to the
Japanese and the Korean applitarit appears that, irrespectively from the country of residence, most players foresee
the opportunity to legally protect the innovatiors/ simultaneously filingquivalent patent applicationthat permit the
exploitation in a multiplicity of countries.

T 90Sy AF GKS L2t 2F NBadzZ 6a aLISOAFAOFtte RSIFETAYy3I gA
applications filed in recent years, the commitment of the patent assignees seems significant, likewise the
commitmentofthed &8 A 3y SS& | NHdzZr 6t S FTNRY G(G(KS GNBYSRAIFIGAZ2YE RI

1 Although in both fields the ideal prerequisite of the innovation relies on the use of natural resources available from
the marine environment to decontaminate the seawater or the sti€ share of results fulfilling this requisite
appears modest, beingstimated aroundv cz’s Ay GKS aaSk gl G§SNJ LIJZNAFAOF A2y €
TASt RO

1 In both cases most applicants are headquartered in the Asian countries. One hypothesis to be further assessed
concerns the observation that iWestern countries the decontamination may still rely on the applicability of
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physicalchemical methods and seldohbe based on a biotechnological approach, at least as far as the technical
content of most patent documents would suggest.

3 BLUE BIOTECHNOLOGY: THE TECHNICAL INFORMATION
al) Healthcare and Pharmaceuticas Cosmetics

The simplest schemallowing to visuakte the distribution of the technical fields among the patent families is shown in
Figure79.

Figure79 Cosmetics: Map of the technology fields defined by WIPO

Classification of the technologies: Patstat Technical fields (WIPO):

Pharmaceuticals Food chemis‘[ry Analysis of biological materials
B Basic materials chemistry
™ Biotechnology
™ Chemical engineering
Civil engineering
Electrical machinery, apparatus, er
Environmental technology
™ Food chemistry
Furniture, games
Handling
Machine toals
B Macromolecular chemistry, polym
Biotechnology Basic mate... Materials, metallurgy
Measurement
Organic fine chemistry ™ Medical technology
® Organic fine chemistry
Other consumer goods
B Other special machines
M pPharmaceuticals
Semiconductors
Surface technology, coating
Macromol... - Textile and paper machines

The clustering of the patent documents according to patterns defined by one or more technicaldietssistent with
the analysed topiandthe identification oftechnologies specifically deadjiwith the subsectoris possibleClustering the
documents of the same datasetay be based on the classification codes, either IPC or CPC.
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The following figuresHigure80 and Figure81, respectively) are dealing with patterns of IPC/CPC classification codes:

Figure80 Cosmeticsclustering of the patent families based on the identification of pattesrof IPC classification codes

Excluding the documents not identifiable by means of IPC classification codes, the majority may be included in patterns
characterizedy the following codegeither considered individually or in combinations)

AB61Q1900, referring toPreparations for care of the skin

AB1P1700, referringto Drugs for dermatological disorders

A61K8/0Q referring toCosmetics or similar toilet preparations

A61K31/0Q referring toMedicinal preparations containing organic activegredients 59/128





























































































































































































