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4. Complete report on patent 

and NPL analysis 

Part II: Blue Biotechnology 
Part II: BLUE BIOTECHNOLOGY 

1 BLUE BIOTECHNOLOGY: MARKET SCENARIO 

a1) Healthcare and Pharmaceuticals Ą Cosmetics 

The blue biotechnology sector usually refers to the non-traditionally exploited groups of marine organisms and their 

commercial implications. The main species considered belong to macroalgae (seaweed), microorganisms (microalgae, 

bacteria, and fungi) and invertebrates. These different organisms are currently used for the extraction of high-value 

bioactive compounds with high market potential [1].  

Specifically, the blue biotechnology sector can include three industries that generate different products and services, 

namely:  

- The cosmetics industry developing functional ingredients (UV filter, viscosity control agents, preservatives) and 

raw materials (colourants, pigments, fragrances); 

- The pharmaceutical industry which uses marine organisms to produce medicines (drugs, novel antibiotics, 

wound healing, anti-inflammatory, immunomodulatory agents) and biomaterials (bio-adhesives, dental-

medical biomaterials, disinfectants); 

- The nutraceutical industry generating new food supplements (prebiotics, 3̟ supplements), food products 

(stabilizer- suspending-bending-foaming agents) and nutraceuticals (antioxidants, anti-inflammatory, anti-HIV) 

[2]. 

The cosmetics industry based on marine biomass is also identified as one of the fast-growing market segments among 

the blue biotechnology sectors. This growth is related to the large panel of new applications. For example, the marine 

collagens derived from the different parts of marine organisms are compounds largely used in cosmetics products for the 

regeneration of the skin or as antiaging. Hence, 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 the global marine collagen market is projected to reach the value of USD 1,137.3 million in 2026, with a 

CAGR of 7.9% in the forecast period 2020 - 2026. In Europe, the market is estimated to reach the value of USD 367.3 

million in the forecast period 2020 ς 2026. Among the Mediterranean area, France, Italy and Spain are currently the main 

producers [5].  
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Figure 1 Marine Collagen Market size by Region, CAGRs in the Period 2021-2026 

 
From the perspective of the patent analysis, a dataset consisting of 833 non-duplicated patent families corresponding to 

2778 patent applications has been analysedΦ bƻ ƭƛƳƛǘŀǘƛƻƴ ƛǎ ŀǎǎǳƳŜŘ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴǎΩ ŦƛƭƛƴƎ ǘƛƳŜŦǊŀƳŜΦ ¢ƘŜ 

main topic regarding this sector may be argued considering the frequency of citations of specific keywords present in the 

ǇŀǘŜƴǘ ǘƛǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛn Figure 2 

Figure 2 /ƻǎƳŜǘƛŎǎΥ ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

As already observed and mentioned in άTechnology forecast and importance of SDGs in Blue Bioeconomyέ, the analysis 

has been focused on the legal protection of technical innovation regarding the cosmetics industry based on marine 

biomass. The patent authorities located in the Asian Pacific region, especially in China, as well as the USPTO score the 

highest numbers of filing events. In the Mediterranean region, the patent authorities of Spain, France and Germany score 

68, 61 and 44 patent applications, respectively (Figure 3). Looking at the number of patent applications 
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registered by EPO (214) and WIPO (236), the data suggests that the protection of technical innovation in a multiplicity of 

territories by means of harmonized filing procedures deserves relevant consideration. 

 
Figure 3 Cosmetics: Map of national/supranational patent authorities 

 

As can be noticed in Figure 4, the increase of the total number of patent applications seems remarkable, especially after 

yr. 1990, and peaking around year 2005. The decline observed after 2005 is reflected also by the normalized values (the 

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 the total number 

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 Israel patent authority still deserves the attention of the players, being an equivalent trend 

characterizing the applications filed to the French patent authority, while the rate of the patent applications filed to the 

Spanish authority declined, especially after yr. 2015. 
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Figure 4 Cosmetics: Normalization of patent applications 

 

!ǎ ŦŀǊ ŀǎ ǘƘŜ ǘŜǊǊƛǘƻǊƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀƴǘǎΩ ǇǊŜƳƛǎŜǎ ƛǎ ŎƻƴŎŜǊƴŜŘΣ many applicants located in France, several 

ones located in Spain and in Italy can be detected. The rightmost pie diagram of Figure 5 provides valuable information 

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

filing applications either to the EPO or to the WIPO. 

Figure 5 Cosmetics: Legal protection strategy 

 

*****  

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 

(Figure 3) may be argued, basic research activities, monitored by analyzing other divulgation modalities, such as the 

scientific publications, books, reviews, conference proceedings and EU funded projects, appear as well ongoing 

worldwide, the highest proportion being ascribed to EU countries, as evident from Figure 6. 
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Figure 6 Cosmetics: NPL data worldwide 

 

a2) Healthcare and Pharmaceuticals Ą Pharmaceutics 

Overall, algae are the most exploited marine organisms in these industries thanks to their several applications. The term 

άŀƭƎŀŜέ ƛƴŎƭǳŘŜ ōƻǘƘ ƳŀŎǊƻ ŀƴŘ ƳƛŎǊƻŀƭƎŀŜΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ǎŜŀǿŜŜŘǎ ǘƻ ǎƛƴƎƭŜ-celled organisms. Key ingredients that can 

be extracted from algae are carrageenan, 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 possible applications, but so far, the algae sector is 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 2016, with 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 biomass was obtained from farmed algae, 

whereas only a small percentage was harvested from wild stocks. Instead, in Europe, algae biomass was primarily 

obtained from wild stocks [1]. In the Mediterranean area Spain and France are the countries in Europe with the largest 

number of macroalgae companies and microalgae producers. France dominates the production landscape with 65% of 

the mapped production units in Europe.  

 While algae represent naturally occurring materials, which can be simply harvested from the wild, global trends seem to 

indicate that soon algae biomass will be mainly cultivated in aquaculture farms. Seaweed or macroalgae culture is very 

convenient because algae generally do not require any freshwater, fertiliser or other external inputs. There is also no 

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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Figure 7 Different type of Seaweed production [6] 

 
 

Microalgae can also be cultivated 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 either in ponds 

ǘƘŀǘ ŀǊŜ ǎǘƛǊǊŜŘ ƳŜŎƘŀƴƛŎŀƭƭȅ ƻǊ ƛƴ άǊŀŎŜǿŀȅ ǇƻƴŘǎέ ǿƘƛch are stirred by a paddle wheel. Closed systems can be 

photobioreactors or fermenters and are far more expensive. However, they assure a higher volumetric productivity and 

more controlled conditions, including prevention of contamination, better control of the cultivation conditions (pH, 

temperature, nutrient supply, etc.), reduction of water use and CO2 losses [7]. 

 

Figure 8 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 and regenerative medicine, and dental health applications. The global market for 

algae products for pharmaceutical applications is expected to reach the value of USD 442.6 million by 2023, growing at 

a CAGR of 5.7% in the period 2018 ς 2023. Asia Pacific and North America are the main contributors to the market. For 

the European region, 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 2018 ς 2023. France, Italy, and Spain are the main countries active in this market 

in the Mediterranean area.  

 

As far as the specific subsector is concerned, a dataset consisting of 191 non-duplicated patent families corresponding 

to 433 patent applications. No limitation is assumed concerning the ŀǇǇƭƛŎŀǘƛƻƴǎΩ filing timeframe. The main topic 

regarding this sector may be argued considering the frequency of citations of specific keywords present in the patent 

ǘƛǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Figure 9. 

Figure 9 Pharmaceutics: ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

As already observed and mentioned in άTechnology forecast and importance of SDGs in Blue Bioeconomyέ, the analysis 

has been focused on the legal protection of technical innovation regarding the drugs industry based 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 region, the European patent authorities of Spain and 

France emerge as the most representative ones. Relatively little numbers of patent applications have been filed to the 

EPO (34) or to the WIPO (44) authorities. Such information may be argued upon a deeper analysis of the data of Figure 

10. 
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Figure 10 Pharmaceutics: Map of national/supranational patent authorities 

 

Being such patent dataset quite smaller if compared to the number of patent applications filed in the case of the cosmetics 

sector, it is likely that the utilization of the marine resources specifically aimed at the formulation of drugs is not largely 

exploited for the time being. Nevertheless, the data of Figure 11 show a net increase of the number of patent applications 

over time. Moreover, from the normalized data it seems worth of consideration the fact that the proportion of patent 

applications filed in recent years to the French patent authority shows a trend that is not equalised by other patent 

authorities, however such trend appears interrupted after yr. 2018. 

Figure 11 Pharmaceutics: Normalization of patent applications 

 

As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the 

Mediterranean Sea are concerned, several ones located in France may be identified while only one Spanish player 

(Greenaltech) can be detected. ¢ƘŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ location as well as the strategy followed by each one 

as far as the legal protection is concerned may be visualized in Figure 12. 
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Figure 12 Pharmaceutics: Legal protection strategy 

 

*****  

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 

(Figure 10) 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 countries, as evident from Figure 13. 

Figure 13 Pharmaceutics: NPL data worldwide 

 

a3) Healthcare and Pharmaceuticals Ą Nutraceuticals 
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In the European region, the main exploited macroalgae species for food industries and cosmetics are Laminaria 

hyperborea, Laminaria digitata and Ascophyllum nodosum which are primarily harvested mechanically by boat.  

Concerning the microalgae, the main species used for healthy food, nutritional supplements, and antioxidant pigments is 

Dunaliella, which is 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 far as the food market is concerned, 

the microalgae are mainly sold as dried-algae and their demand is increasing constantly thanks to their high-value 

nutrients content including carotenoids, phycobilins, fatty acids, and antioxidants. The sector is mainly driven by the 

growing trend of natural cosmetic and nutraceutical products and 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 the nutraceutical is one of the fastest growing industry 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 the global market value of USD 336.1 billion by 2023, at a 7.8% CAGR from 2018 to 

2023. Within the nutraceutical market, plant-based functional food is expected to reach the global value of USD 119.9 

billion in 2025, growing at a CAGR of 8.6% from 2020 to 2025. Looking at the European region, there 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 Italy and Spain thanks to the growing health and 

wellness consciousness among consumers and the boosting demand for organic products [4]. 

 

Figure 14 Algae biomass commercial uses of European Economic Area (EEA) companies. HP: Hydrocolloid production; B: 
Bioremediation (European Commission (2020). The EU Blue Economy Report. 2020. Publications Office of the European Union. 

Luxembourg) 

 

As far as the specific subsector is concerned, a dataset consisting of 654 non-duplicated patent families corresponding 

to 2623 patent applications. No limitation is assumed concerning the ŀǇǇƭƛŎŀǘƛƻƴǎΩ filing timeframe. The main topic 

regarding this sector may be argued considering the frequency of citations of specific keywords present in the patent 

ǘƛǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Figure 15. 
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Figure 15 Nutraceuticals: keywordǎΩ frequency 

 

As already observed and mentioned in άTechnology forecast and importance of SDGs in Blue Bioeconomyέ, the analysis 

has been focused on the legal protection of technical innovation regarding the nutraceuticals based 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 region, the European patent authorities of Spain and 

France emerge as the most representative ones. A significant number of patent applications have been filed to the EPO 

(235) or to the WIPO (262) authorities. Such information may be argued upon a deeper analysis of the data of Figure 16. 

Figure 16 Nutraceuticals: Map of national/supranational patent authorities 

 

Figure 17 show a consistent increase of the number of patent applications over time. The trend shows quite clearly that 

until thirty years ago little attention was deserved to the legal protection of innovations. Moreover, from the 
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normalized data it appears that the proportion of patent applications filed in recent years to the French and Spanish 

patent authorities is meaningful, being both slightly higher if compared to the proportion of applications filed to the EPO 

or the WIPO authorities. 

Figure 17 Nutraceuticals: Normalization of patent applications 

 

As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the 

Mediterranean Sea are concerned, several ones located in France and Spain may be identified, although players resident 

in the USA or in Asian countries score the highest numbers of patent families. ¢ƘŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ 

location as well as the strategy followed by each one as far as the legal protection is concerned may be visualized in Figure 

18. 
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Figure 18 Nutraceuticals: Legal protection strategy 

 

*****  

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 

(Figure 16) 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 countries, as evident from Figure 19.  

Figure 19 Nutraceuticals: NPL data worldwide 

 



 

 

 

 

 

18/128 

1.a KEYPOINTS 
¶ The increment of the patent filing events is quite impressive when analyzing the trends regarding the most recent 

years, especially ŀǎ ŦŀǊ ŀǎ ǘƘŜ ǎŜŎǘƻǊǎ άCosmeticsέ ŀƴŘ άNutraceuticalsέ ŀǊŜ concerned. The use of the marine 

biomass resources appears less consistent as far as the applications specifically tailored to the pharmaceutics 

sector are concerned. Excluding such sector, in the other two the exploitation of innovations appears significant 

during the last thirty years, while it appeared relatively neglected earlier. There is growing interest in the 

pharmacology sector too, yet the rate of patent applications is not as relevant as in each of the other two fields. 

¶ When focusing on overlapping timeframes referred to individual sub-sectors, 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 seems not easily predictable, especially as far as the countries 

bordering the Mediterranean Sea are concerned. However, meaningful proportions of patent applications filed to 

the French or the Spanish patent authorities may be detected. Excluding the pharmacology sector, in the other 

two technical fields quite consistent numbers of patent applications are filed to the EPO or to the WIPO, thus 

suggesting that the exploitation of such innovations implies a considerable number of territories as potential 

markets.  

¶ 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, especially those relevant as far as the food sector or the cosmetics is concerned, are 

headquartered in the northern Europe.  

b) Agriculture, Livestock, Food processing Ą Soil fertilization 

In addition to the applications previously analysed, the blue biotechnology sector might have a relevant impact also on 

the improvement of animal feed (nourishment, food supplements), veterinary products (antibiotics, antiseptics, and 

vaccines) and agricultural 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 of marine microorganisms 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]. 

Agriculture is 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 derivates is needed to reduce the long-term alteration in the acid-base balance (pH), osmotic pressure, 

conductivity and improve the water holding capacity and fertility of the soil. 

The blue biotechnology emerging sectors are currently focusing on agrochemicals, such as biofertilizers 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 include a broad range of 

pesticides and fertilizers. Fertilizers are further segmented into synthetic and bio-based nitrogenous, phosphatic 
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and potassic fertilizers. Pesticides are further segmented into synthetic and bio-based 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 fulfill 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 adequate use 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 agrochemicals [4]. 

The global market of Biofertilizers is 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 second-largest revenue-generating market for agrochemicals, 

with a substanǘƛŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘΩǎ ƎǊƻǿǘƘ ƛƴ Lǘŀƭȅ ƛƴ ǘƘŜ ƭŀǎǘ ȅŜŀǊǎ [3]. 

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 substantial ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘΩǎ ƎǊƻǿǘƘ ƛƴ ŎƻǳƴǘǊƛŜǎ ǎǳŎƘ ŀǎ 

Italy, Hungary, and Germany after rebounding from a downturn in recent years. Fertilizer sales are currently witnessing a 

positive trend, particularly in eastern and central Europe, contributing to the increase in overall growth. Nevertheless, 

several synthetic pesticides have been banned in Europe over the years owing to stringent environmental regulations [4].  

The intensive research in the ōƛƻǎǘƛƳǳƭŀƴǘǎΩ ǎŜŎǘƻǊ and plant nutritional products has increased 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 exploited as seaweed extracts. The most widely used 

seaweeds for agricultural purposes are related to the group of red algae [2]. Seaweed extracts act as biostimulants mainly 

due to the presence of plant hormones. Hormones usually present in seaweed extracts are auxins, cytokinins, gibberellins, 

abscisic acid, and ethylene. Moreover, seaweed extracts enhance 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 germination, and stimulates 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 agriculture not only 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 30.4 million tonnes, 

which makes seaweeds available for companies to formulate biostimulant products.  

The global biostimulants market is currently dominated by Europe, in terms of value, due to the adoption of modern 

agricultural technologies such as precision farming, plant biotechnology and organic ς based active ingredients [4]. 

Another new application for marine biomass is animal therapeutics, involving the production of vaccines, anti-infectives 

and antifungals, and food supplements [2].  

The global market for veterinary products is expected to reach the value of USD 66.5 billion by 2024, with pharmaceutical 

ǇǊƻŘǳŎǘǎ ƭŜŀŘƛƴƎ ǘƘŜ ǎŜŎǘƻǊ ŦƻƭƭƻǿŜŘ ōȅ ŦŜŜŘ ŀŘŘƛǘƛǾŜǎΣ ǾŀŎŎƛƴŜǎ ŀƴŘ ŘƛŀƎƴƻǎǘƛŎǎΩ ǇǊƻŘǳŎǘǎΦ !ƴƛƳŀƭ ŦƻƻŘ ǎǳǇǇƭŜƳŜƴǘΣ 

defined as an ingredient or a combination of ingredients 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 region represents now the second-largest market, with France the country leader of this sector in the 

region [3]. 

 

As far as the specific subsector is concerned, a dataset consisting of 530 non-duplicated patent families corresponding 

to 631 patent applications. The analysis of the patent applications has been limited, i.e. considering the priority 
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year starting from 2017 onwards. The main topic regarding this sector may be argued considering the frequency of 

citations of specific keywords present in the patent tiǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Figure 20. 

Figure 20 {ƻƛƭ ŦŜǊǘƛƭƛȊŀǘƛƻƴΥ ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

The patent authorities located in the Asian Pacific region, especially the CNIPA/SIPO 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 European patent authorities are not significantly addressed, consistently the number of patent applications 

have been 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 data of Figure 21. 

Figure 21 Soil fertilization: Map of national/supranational patent authorities 

 

The data of Figure 22 show a consistent increase of the number of patent applications especially in recent years. 

Moreover, from the normalized data it appears that the proportion of patent applications filed in recent years 
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to the CNIPA/SIPO patent authority is meaningful, while as far as each of the other patent authorities are concerned the 

proportion of applications regarding the soil fertilization appears quite modest. 

Figure 22 Soil fertilization: Normalization of patent applications 

 

As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the 

Mediterranean Sea are concerned, no meaningful data can be retrieved. The mŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ ƭƻŎŀǘƛƻƴ ŀǎ 

well as the strategy followed by each one as far as the legal protection is concerned may be visualized in  Figure 23. 

Figure 23 Soil fertilization: Legal protection strategy 

 

*****  

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 example China, (Figure 
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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 appear relatively scarce, 

being the divulgation of technical information achieved through patent applications predominant over NPL forms, as 

evident from Figure 24. 

Figure 24 Soil fertilization: NPL data worldwide and trend of the different modalities of divulgation 

 

1.b KEYPOINTS 
¶ Even if the analysis has been limited to the most recent years, the number of patent documents retrieved is 

consistent and the patent applications represent the preferred form of divulgation of the technical 

implementations if compared to other forms (NPL). 

¶ The Asian countries, especially China, delimit the territories in which the opportunity of exploiting the marine 

resources applicable to the agriculture field appears highly considered. 

¶ Despite the above statements, several players headquartered in the USA (e.g. KIVERDI or CISBAY GLOBAL) might 

be interested in the legal protection of innovative products or technologies enabling the implementation of the 

agriculture applications, whereas little or no involvement of European players can be noticed, at least in case the 

analysis is focused on the filing of patent applications.  

c) Industrial processes and manufacturing Ą Sea organismsΩ genetics 

In recent years several implementations of technologies based on the ƎŜƴƻƳŜǎΩ ƛƴŦƻǊƳŀǘƛƻƴ applied to the exploitation 

of the marine resources have been developed.  
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Genomics is 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 structure 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 expected to reach the value of USD 703.3 million in Europe in 2025, starting 

from the value of USD 523.6 million in 2020, with an estimated CAGR of 6.1% in the period 2020 ς 2025. Among the 

Mediterranean area France, Greece, Italy and Spain are the regions in which the genomics market opportunities are 

highly considered.  

Researchers are currently using sequencing (especially Next ς Generation Sequencing (NGS)) and gene expression analysis 

in applications such as nucleotide polymorphism and copy number variant detection in marine organisms used as 

feedstock crop for biofuel production (e.g., Switchgrass (Panicum virgatum)). NGS technology is also used for DNA 

barcoding to identify fish larvae and eggs and provide the complete description of a defined fish population in the marine 

environment. Genomics technologies are also used in aquaculture and fisheries. Genomics in aquaculture helps in 

enhancing productivity, improving the fish health, preserving the fish populations, and maintaining ecosystem integrity. 

However, the use of genomics in this application segment is still in the nascent stage [1]. 

 

As far as the specific subsector is concerned, a dataset consisting of 203 non-duplicated patent families corresponding 

to 364 patent applications has been analysed.   

No limitation is assumed concerning the ŀǇǇƭƛŎŀǘƛƻƴǎΩ filing timeframe. The main topic regarding this sector may be 

argued from ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ Ŏƛǘŀǘƛƻƴǎ ƻŦ ǎǇŜŎƛŦƛŎ ƪŜȅǿƻǊŘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǇŀǘŜƴǘ ǘƛǘƭŜǎΩ, as shown in Figure 25. 

 

Figure 25 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

The patent authorities located in the Asian Pacific region, especially the CNIPA/SIPO 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 European patent authorities are not frequently addressed by the assignees/applicants, consistently 
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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 data of Figure 26. 

Figure 26 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Map of national/supranational patent authorities 

 

The data of  Figure 27 show a consistent increase of the number of patent applications whose filing has begun just before 

the end of last century. Moreover, from the normalized data it appears that the proportion of patent applications filed in 

recent years to the Korean patent authority is meaningful, while as far as each of the other patent authorities are 

concerned the proportion of applications declined, especially when analysing the EPO (19 patent applications) or WIPO 

(36 patent applications). 

Figure 27 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Normalization of patent applications 

 

As far as the European applicants of particular interest, i.e. those headquartered in one of the countries bordering the 

aŜŘƛǘŜǊǊŀƴŜŀƴ {Ŝŀ ŀǊŜ ŎƻƴŎŜǊƴŜŘΣ ƴƻ ƳŜŀƴƛƴƎŦǳƭ Řŀǘŀ Ŏŀƴ ōŜ ǊŜǘǊƛŜǾŜŘΦ ¢ƘŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ ƭƻŎŀǘƛƻƴ ŀǎ 

well as the strategy followed by each one as far as the legal protection is concerned may be visualized in  
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Figure 28. 

Figure 28 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Legal protection strategy 

 

*****  

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 example China, (Figure 26), being 

also relevant the commitment of Korean players, 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 reveal the relevant commitment of EU and US institution as well as the Chinese players, as evident from 

Figure 29. 

Figure 29 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ NPL data worldwide 
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1.c KEYPOINTS 
¶ The biotechnology applications should deserve a deeper analysis of larger pools of patent documents however the 

risk is that the quality of the analysis ƳƛƎƘǘ ōŜ ŀŦŦŜŎǘŜŘ ōȅ άŎƻƴǘŀƳƛƴŀǘƛƴƎέ ǊŜǎǳƭǘǎ ōŜŎŀǳǎŜ ǘƘŜ biotechnologies 

rely on several different technical principles. Despite our choice has been rather that of limiting the scope of the 

survey to the applicability of the genomics data, the trend argued from the number of applications filed to the 

national and supranational authorities suggest that this kind of information could positively affect the technical 

implementations relying on the marine biomass use.  

¶ Even if some Asian countries, especially China, demonstrate relevant interest for exploiting the value inherent to 

the genomics information, basic research is performed worldwide, appearing relevant the contribution of the USA 

and even higher the contribution of the EU countries. 

¶ Despite the above statements, several players headquartered in South Korea and USA seem interested in the legal 

protection of innovative products or enabling technologies, while for the time being the most representative 

European player include few corporates such as BASF PLANT SCIENCES GmbH and UNILEVER. No significant 

presence of players headquartered in the countries bordering the Mediterranean Sea has been detected. 

d) Biofuels 

Biofuels include 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 caused 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 initiatives focusing 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 the 20% reduction 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 the Blue biotechnology sector, the main source of biofuels among marine organisms are algae. Biofuels 

obtained from algae are usually defined as third-generation biofuels [2]. Algae are considered attractive feedstocks with 

many advantages over terrestrial crops. Algae biomass lacks the recalcitrant lignocellulosic components, 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 about 450 litres of 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 such as diesel, 

petrol, and jet fuel.  

Macroalgae can 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, bioethanol, bio-

oil (or bio-crude) and bio-hydrogen obtained through fermentation or thermochemical processes thanks to the higher 

ƭƛǇƛŘǎΩ ŀŎŎǳƳǳƭŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƳƛŎǊƻŀƭƎŀŜ ώмϐΦ ¢ƘŜ ŀƭƎŀŜ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ ǎǘǳŘȅ ŦƻǊ ǘƘŜƛǊ ǎǳƛǘŀōƛƭƛǘȅ ŀǎ ŀ Ƴŀǎǎ-oil 

producing crop include mainly the aquatic unicellular green algae (Chlorophyceae; including Nannochloris sp.), Diatoms 

(Bacilliarophyta),  members of the class Haptophyta and others (e.g., Botryococcus braunii, Dunaliella tertiolecta, 

Isochrysis galbana, Prymnesium parvum, Spirulina sp and Tetraselmis chui).  
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Algal biomass contains 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 biodiesel. This is another reason for the 

strong focus on algae for biodiesel production. The table below shows some forms of microalgae that are used as 

feedstock for biodiesel production and their oil content. It is important to note that while some forms of algae have 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 microalgae can double every 3.5 hours [3]. 

Table 1 Microalgae and Oil Content (% Dry Weight) 

Microalgae Oil Content 

Botryococcus braunii 25ς75 

Chlorella sp. 28ς32 

Crypthecodinium cohnii 20 

Cylindrotheca sp. 16ς37 

Nitzschia sp. 45ς47 

Phaeodactylum tricornutum 20ς30 

Schizochytrium sp. 50ς77 

Tetraselmis suecia 15ς23 

 

The global market for liquid biofuels is 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 ethanol. In fact, 

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 the Asian-Pacific, South 

America, Africa, and Middle East regions will not see significant growth due to the lack of investment [2]. 

Europe has also shown some interest in biodiesel through algae. BDI-BioEnergy International, a technology company 

based in Austria, is currently working on developing an efficient extraction and biodiesel production process through algae 

[3]. At the European level, the total production of biofuels is expected to reach USD 32,987 million litres in 2024. Limiting 

the forecast to the biodiesel, the market is expected to increase to USD 26.7 billion in 2024, being the CAGR 7.6% in the 

timeframe 2019 - 2024. In the Mediterranean Area the main consumers are Spain, France and Italy [2].  

 

Figure 30 Biodiesel Consumption Market Value in the Mediterranean Area, by Country, Through 2024 (USD Millions) 

 
As already observed and mentioned in άTechnology forecast and importance of SDGs in Blue Bioeconomyέ, the 

analysis has been focused on the legal protection of technical innovation regarding the biofuels obtained using 
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the marine biomass, especially the algae. As far as the specific subsector is concerned, a dataset consisting of 364 non-

duplicated patent families corresponding to 1219 patent applications has been analysed. 

No limitation is assumed concerning the ŀǇǇƭƛŎŀǘƛƻƴǎΩ filing timeframe.  The main topic regarding this sector may be 

ŀǊƎǳŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ Ŏƛǘŀǘƛƻƴǎ ƻŦ ǎǇŜŎƛŦƛŎ ƪŜȅǿƻǊŘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǇŀǘŜƴǘ ǘƛǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Figure 31. 

Figure 31 Biofuels: ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

The number of patent applications filed to the USPTO is remarkable, whereas considering the Mediterranean region, a 

not negligible number 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 EPO (79) or to the WIPO (140) authorities. Such 

information may be argued upon a deeper analysis of the data of Figure 32. 

Figure 32 Biofuels: Map of national/supranational patent authorities 
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The data of Figure 33 show a consistent increase of the number of patent applications peaking around year 2010. A 

persistent decline of the number of patent applications can be observed afterwards. Moreover, from the normalized 

data it appears that around year 2010 the proportion of patent applications filed to the Spanish patent authority is 

meaningful, a similar trend characterising also the applications filed to the USPTO and the PCT applications. A decline is 

evident after year 2010. 

Figure 33 Biofuels: Normalization of patent applications 

 

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 Spain (eg. ALGAENERGY) and several in France 

(RHODIA OPERATIONS and other academic institutions)Φ ¢ƘŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ ƭƻŎŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 

strategy followed by each one as far as the legal protection is concerned may be visualized in Figure 34. 

Figure 34 Biofuels: Legal protection strategy 
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*****  

Despite from the analysis of the patent applications it appears that impact on the commercialization of innovative 

technical solutions is declining worldwide, the basic research seems still consistent according to the NPL (especially 

articles) divulgation (Figure 35). 

Figure 35 Biofuels: Comparison of the trends of the patent applications vs. other divulgation modalities (NPL) 

 

Most of the NPL results are produced by players located within the USA or the EU countries, as evident from Figure 36. 

Figure 36 Biofuels: NPL data worldwide 
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1.d KEYPOINTS 
¶ Even if the data referring to the NPL divulgation show a trend indicating an increasing interest in recent years, 

especially when considering the publications delivered by institutions located in western countries (either USA or 

EU), the trend arguable from the patent applications indicates that there is a progressive decline in the number of 

initiatives aimed at the legal protection of innovations in the biofuel field, at least in case the production relies on 

the use of marine resources. 

¶ The relevant players are usually headquartered in the USA or South Korea however few other renowned players 

might be identified in some European countries (such as Spain and France) located along the Mediterranean Sea. 

¶ It could be worth analyzing the situation of alternative forms of energy production, such as the tidal energy or the 

wind energy sectors to assess whether a greater commitment may be revealed possibly because implementations 

based on these alternative energy resources could determine the replacement of the biofuelsΩ ǊŜǎƻǳǊŎŜǎ. 

e1) Bio-monitoring and bio-remediation Ą Seawater purification 

The blue biotechnology for bio-monitoring and bio-remediation involve the application of marine organisms to track, 

determine, quantify and remove contaminants and pollutants released in the marine ecosystems. The use 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 marine-related 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, non-toxic and highly stable [1]. 

Water purification is 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, such as seawater desalination and process/wastewater recycling, to fulfil 

their water needs. Advanced green technology can enable them to reclaim wastewater sewage for reuse purposes, 

including drinking water. Technologies, such as internet 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, increased efficiency, and reduced downtime, and 

enhanced and faster decision-making. 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.  

The global water purification market is expected to reach the total value of USD 855 million by 2025, at a CAGR of 28.7% 

in the period 2020 ς 2025. Europe is 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 [2]  

As far as the specific subsector of the seawater decontamination is concerned, a dataset consisting of 503 non-duplicated 

patent families corresponding to 875 patent applications has been analysed. The analysis of the patent applications has 

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

ŀǊƎǳŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ Ŏƛǘŀǘƛƻƴǎ ƻŦ ǎǇŜŎƛŦƛŎ ƪŜȅǿƻǊŘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǇŀǘŜƴǘ ǘƛǘƭŜǎΩ ŀǎ ǎƘƻwn in Figure 37. 
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Figure 37 Seawater purification: ƪŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 

 

The number of patent applications filed to the CNIPA/SIPO is remarkable, whereas considering the Mediterranean region, 

a not negligible number 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 EPO (32) or to the WIPO (76) authorities. Such 

information may be argued upon a deeper analysis of the data of Figure 38.  

Figure 38 Seawater purification: Map of national/supranational patent authorities 

 

As can be expected the data of Figure 39 show a consistent increase of the number of patent applications peaking around 

year 2017. Moreover, from the normalized data it appears that the proportion of patent applications is relevant especially 

in South Korea.  
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Figure 39 Seawater purification: Normalization of patent applications 

 

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 France (VEOLIA WATER TECHNOLOGIES plus other 

academic institutions) and one (INDUSTRIE DE NORA) in ItalyΦ ¢ƘŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ ƭƻŎŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 

strategy followed by each one as far as the legal protection is concerned may be visualized in Figure 40. 

Figure 40 Seawater purification: Legal protection strategy 

 

*****  
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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 Asian countries such as China and South Korea (Figure 38) 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 countries, being the role played by the Chinese institution almost equivalent, 

as evident from Figure 41. 

Figure 41 Seawater purification: NPL data worldwide 

 

e2) Bio-monitoring and bio-remediation Ą Remediation 

Bioremediation implies 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 contaminant types and concentrations and site-specific 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 rising concentration of polluted areas contributes to increase the demand of 

more cost-effective 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 aquatic environments. 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, the bioremediation market is projected to reach USD 186,300 million in 2023, with a CAGR of 15.4% in the 

forecasted period (2017-2023). Bioremediation technology has numerous applications for treating industrial wastewater 

and sewage, lakes, ponds, rivers and streams, 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 bioremediation technology in water bodies is expected to be 

considered a market priority in the following years.  

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

the growth of several market opportunities. Phytoremediation, which involves the use of plants or algae to 
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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 with a projected 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 increasing in Europe. Several full-scale projects have been carried out, leading to better 

understanding the advantages of bioremediation, especially for contaminated soils. Phytoremediation technology is 

expected to reach USD 23.4 billion by 2023. The Water bodies segment application for bioremediation in Europe is 

expected to reach USD 28.3 billion by 2023 [3]. 

Figure 42 European Bioremediation Market, by Application, 2017 - 2023 (USD Millions) 

 
As far as the specific subsector of the remediation (not necessarily of contaminated seawater) is concerned, a dataset 

consisting of 476 non-duplicated patent families corresponding to 2390 patent applications has been analyzed. 

No limitation is assumed concerning the ŀǇǇƭƛŎŀǘƛƻƴǎΩ filing timeframe.  The main topic regarding this sector may be 

argued considering the frequency of citations ƻŦ ǎǇŜŎƛŦƛŎ ƪŜȅǿƻǊŘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǇŀǘŜƴǘ ǘƛǘƭŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Figure 43. 

Figure 43 wŜƳŜŘƛŀǘƛƻƴΥ YŜȅǿƻǊŘǎΩ ŦǊŜǉǳŜƴŎȅ 
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The number of patent applications filed to several national patent offices, especially the CNIPA/SIPO but also the USPTO, 

the KIPO and the JPO is remarkable, whereas considering the Mediterranean region, a not negligible number of patent 

applications have been filed to the Spanish and French patent authorities, respectively, but also to the Italian and 

Slovenian patent offices. Relatively consistent number of patent applications have been filed to the EPO (157) or to the 

WIPO (167) authorities. The data taken altogether suggest that the topic is considered of utmost importance almost 

everywhere. Such information may be argued upon a deeper analysis of the data of Figure 44. 

Figure 44 Remediation: Map of national/supranational patent authorities 

 

As can be expected the data of Figure 45 show a consistent increase of the number of patent applications peaking in the 

timeframe 2010 ÷ 2015. Moreover, from the normalized data it appears that the proportion of patent applications is 

relevant especially in South Korea, but in recent years the proportion of patent applications filed to the Spanish patent 

office has been as well considerable.  

Figure 45 Remediation: Normalization of patent 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 concerned, few players are headquartered in France (EXOCHEMS ENVIRONNEMENTS plus other 

academic institutions). ThŜ Ƴŀƛƴ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƭŀȅŜǊǎΩ ƭƻŎŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǘǊŀǘŜƎȅ ŦƻƭƭƻǿŜŘ ōȅ ŜŀŎƘ ƻƴŜ ŀǎ ŦŀǊ 

as the legal protection is concerned may be visualized in Figure 46. 

Figure 46 Remediation: Legal protection strategy 

 

*****  

Despite from the analysis of the patent data a relevant impact on the commercialization of innovative technical solutions 

worldwide (Figure 44) 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 countries, being the role played by the Chinese 

institution almost equivalent, as evident from Figure 47. 

Figure 47 Remediation: NPL data worldwide 
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1.e KEYPOINTS 
¶ While the analysis of the legal protection of the technologies aimed at the seawater purification has been limited 

to the most recent priority years, no limitation has been imposed to the timeframe of patent applications focusing 

on the remediation techniques (not necessarily restricted to the issue dealing with the seawater contamination). 

In the former case the amount of patent applications filed to supranational authorities appears quite modest, 

despite 400 patent applications have been recently filed to the Chinese patent authority. Instead, the interest for 

the remediation technologies seems widespread, although a slight decline in the number of patent applications 

could be noticed after the year 2015. 

¶ As far as residents of the European countries bordering the Mediterranean Sea are concerned, a small number of 

applicants/assignees is detectable in France (VEOLIA WATER TECHNOLOGIES and EXOCHEMS ENVIRONNEMENTS), 

while several others may be headquartered in the USA. Quite often the development of remediation technologies 

may be based on the use of enzymes (e.g. nitrilase), which may function in harsh condition (high salinity, 

temperature above 100 °C, like in the case of deep-sea thermal vents, or below 0°C in arctic waters) to be used for 

the detoxification of waste (studied by VERENIUM, currently belonging to BASF). Another US company active in 

the same field is NEOZYME INTERNATIONAL, dedicating efforts for developing enzymes preventing issues 

originating by the treatment of the sewage sludge. 

¶ The commitment of the European players appears quite remarkable, essentially in case the divulgation of technical 

principles is achieved by means of NPL documents, either considering the technologies specifically aimed at the 

seawater decontamination or those aimed at the remediation technology. It is then likely that the European 

institutions are rather involved in basic research initiatives and seldom foresee the possibility of exploiting the 

technical solutions developed. 

2 BLUE BIOTECHNOLOGYΥ ¢I9 [9D![ LbChwa!¢Lhb !wD¦!.[9 Cwha ¢I9 t!¢9b¢{Ω 

DATASETS 

a1) Healthcare and Pharmaceuticals Ą Cosmetics 

Although the number of the patent owners can be estimated on the order of several hundreds, a selection of the top 

players is displayed in Figure 48. 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 (rightmost bar diagram). The pie diagram includes aggregated data useful to 

estimate the average grant rate which is almost 47%. 
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Figure 48 Cosmetics: Ranking of the applicants based on the patent application number and grant rate 

 

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 already anticipated (Figure 19 ς How to read this document). A more synthetic indication reflecting the expected 

lifespan of the granted patents might be argued from the following Figure 49. There are several French companies owning 

patents whose lifespan is considerably higher if compared to the patents owned by renowned French players such as 

[Ωhw9![Φ 

Figure 49 Cosmetics: Residual validity of granted patents (data from EP Register) 

 

The results of the assessment of the triadic families are shown in Figure 50. 
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Figure 50 Cosmetics: some of the Triadic families 

 

There are plenty of patent applicants corresponding to triadic patent families. These data taken altogether suggest that 

there is a consistent margin of implementation of technologies/products based on marine biomass resources. 

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

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 51 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 the patent 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 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 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. 

Figure 51 Cosmetics: Ranking of the country of residence of the players based on the patent family dimension 
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a2) Healthcare and Pharmaceuticals Ą Pharmaceutics 

Although the number of the patent owners can be estimated on the order of one hundred, a selection of the top players 

is displayed in Figure 52. 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 (rightmost bar diagram). The pie diagram includes aggregated data useful to estimate 

the average grant rate which is slightly higher than 40%. 

Figure 52 Pharmaceutics: Ranking of the applicants based on the patent application number and grant rate 

 

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 already anticipated (Figure 19 ς άIƻǿ ǘƻ ǊŜŀŘ ǘƘƛǎ ŘƻŎǳƳŜƴǘέ). A more synthetic indication reflecting the 

expected lifespan of the granted patents might be argued from the following Figure 53.  

Figure 53 Pharmaceutics: Residual validity of granted patents (data from EP Register) 
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The results of the assessment of the triadic families are shown in Figure 54. 

Figure 54 Pharmaceutics: some of the Triadic families 

 

Excluding some patents owned by ARC MEDICAL DEVICES (already included in a small pool of case histories), other players 

characterized by a relevant commitment include BASF and BIOTECHMARINE, rather involved in the production of anti-

aging compositions. However, there may be also applications aimed at glucose reduction in the blood (eg. EP3174548 

owned by FIRMENICH) or at the prevention of chronic hepatitis (eg. EP1312370) or cancer (EP1312375), being both 

patents owned by IIJIMA CORPORATION. 

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

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 55 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 the patent 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 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 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. 
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Figure 55 Pharmaceutics: Ranking of the country of residence of the players based on the patent family dimension 

 

a3) Healthcare and Pharmaceuticals Ą Nutraceuticals 

Although the number of the patent owners can be estimated on the order of several hundreds, a selection of the top 

players is displayed in Figure 56. 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 (rightmost bar diagram). The pie diagram includes aggregated data useful to 

estimate the average grant rate which is around 43%. 

Figure 56 Nutraceuticals: Ranking of the applicants based on the patent application number and grant rate 

 

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 
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applicant has been already anticipated (Figure 19 ς άHow ǘƻ ǊŜŀŘ ǘƘƛǎ ŘƻŎǳƳŜƴǘέ). A more synthetic indication reflecting 

the expected lifespan of the granted patents might be argued from the following Figure 57. 

Figure 57 Nutraceuticals: Residual validity of granted patents (data from EP Register) 

 

The results of the assessment of the triadic families are shown in Figure 58. 

Figure 58 Nutraceuticals: some of the Triadic families 

 

Having already remarked that the documents included in the triadic patent families should have relevant technical 

elements, it is noteworthy that in the EP0967295 (AQUACAL) it is claimed the production of foodstuff whose content is 

rich of mineral substances extracted from Corallinaceae (red algae). Seaweeds also contain substances, administered as 

foodstuff, used to stimulate the immune response as in the case of BIOMEDICAL RESEARCH GROUP (EP1676980, 

EP1961823, EP2444480). 
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Legal implications may also depend on the dimension of the patent families, which is another indicator of the commitment 

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 59 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 the patent 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 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 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. 

Figure 59 Nutraceuticals: Ranking of the country of residence of the players based on the patent family dimension 

 

2.a KEYPOINTS 
¶ As already observed when analyzing the market scenario for each of the three sub-sectors, the number of patent 

owners/applicants identified is higher in the fields of cosmetics and nutraceuticals than in the sector specifically 

dealing with the pharmaceutics. 

¶ However, comparing the overall grant rate specific for each-subsector, no substantial difference emerged, being the 

rate around 40% in each case. 

¶ As can be noticed following a deeper inspection of the patent documents, in the pharmaceutics sector there may be 

applications dealing with needs, for example satisfied by anti-aging products, that may be as well covered by results 

emerging when focusing the analysis on the cosmetics sector. Likewise, there may be players such as the French 

company FERMENTALG who own patents retrieved either investigating the pharmaceutics sector (FR3085962A1, a 

patent application regarding the extraction of poly-unsaturated fatty acids from marine animals to be used for 

pharmaceutical, cosmetic or food composition) or the nutraceuticals dataset. 

¶ As far as the cosmetics sector is concerned, a multiplicity of companies may be detected, including the renowned 

coǊǇƻǊŀǘŜ [Ωhw9![, each having filed recently at least one patent application to the French patent 
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authority. However, upon analyzing the residual validity of the respective patents it turns out that on average the 

ǊŜǎƛŘǳŀƭ ǾŀƭƛŘƛǘȅ ƻŦ [Ωhw9![ ǇŀǘŜƴǘǎ ƛǎ ƭƻǿ, thus suggesting that it may be worth investigating the activities of 

competitor companies who likely try to legally protect technical elements that could be more innovative. 

¶ As already argued from the inspection of the sector Fishery and Aquaculture, when focusing on the patent family 

dimension, even if the coverage of such data may be partial, in general the strategy of the Asian applicants differs 

from that characterizing the US and European applicants, because in the latter case a multiplicity of patent 

applications is usually filed to protect simultaneously the same invention in different territories. 

b) Agriculture, Livestock, Food processing Ą Soil fertilization 

Although the number of the patent owners can be estimated on the order of several hundreds, a selection of the top 

players is displayed in Figure 60. 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 (rightmost bar diagram). The pie diagram includes aggregated data useful to 

estimate the average grant rate which is quite low (around 11%). It is worth reminding that the dataset consists of 530 

non duplicated patent families, yet the timeframe has been limited considering the priority years from 2017 onwards, 

therefore several patent applications may currently undergo the examination procedure. 

Figure 60 Soil fertilization: Ranking of the applicants based on the patent application number and grant rate 

 

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 already anticipated (Figure 19 ς άHow to read this documentέ). A more synthetic indication reflecting the 

expected lifespan of the granted patents might be argued from the following Figure 61. As explained above, it is not much 

surprising that the number of patent documents is quite small. For the same reason no data are currently available 

regarding the Triadic patent families. 



 

 

 

 

 

47/128 

Figure 61 Soil fertilization: Residual validity of granted patents (data from EP Register) 

 

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

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 62 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 the patent 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 authorities. Even if a similar trend is revealed, more data are required 

to corroborate such conclusion. 

Figure 62 Soil fertilization: Ranking of the country of residence of the players based on the patent family dimension 

 

2.b KEYPOINTS 
¶ Having already noticed that most patent applications have been filed to the Asian patent authorities, especially to 

the CNIPA/SIPO, it seems not much surprising that a consistent portion of information regarding the legal status is 

missing. 

¶ Consistently with the analysis of the market scenario, from the scarce legal status information is arguable that 

some players resident in the North America (USA Ą KIVERDI and Canada Ą INOCUCOR TECHNOLOGIES) 
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and Australia (INJEKTA ENVIRONMENTAL) have filed a consistent number of patent applications, while only few 

players among those headquartered in the Asian countries scored comparable amounts of patent applications 

filing events, most of them having filed at most one or two patent applications. 

c) Industrial processes and manufacturing  Ą {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎ 

The number of the patent owners is less than one hundred, a selection of the top players is displayed in Figure 63. 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 (rightmost bar diagram). The pie diagram includes aggregated data useful to estimate the average grant rate 

which is almost 50%. 

Figure 63 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Ranking of the applicants based on the patent application number and grant rate 

 

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 already anticipated (Figure 19 ς άHow to read this documentέ). A more synthetic indication reflecting the 

expected lifespan of the granted patents might be argued from the following Figure 64. 
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Figure 64 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Residual validity of granted patents (data from EP Register) 

 

The results of the assessment of the triadic families are shown in Figure 65. 

Figure 65 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ ǎome of the Triadic families 

 

Having already remarked that the documents included in the triadic patent families should have relevant technical 

elements, it is noteworthy that in the EP1356067 (BASF PLANT SCIENCES) it is claimed the analysis of the genomes of the 

algae useful to produce recombinant poly-unsaturated fatty acids (pls. refer also to the άbutraceuticalsέ sub-sector, see 

the patent application of FERMENTALG regarding the PUFA production, FR3085962A1). The patent of CHROMAXOME 

CORPORATION (EP0822990) concerns the genetic screening of marine invertebrates to be used as source of novel 

compounds in the pharmaceutics sector, however from the dashboard referring to the residual validity of the patent it 

can be argued that the underlying technology may be out of date. The patent of HAINAN UNIVERISITY (EP2889307) 

concerns the production of a recombinant molecule ( -hconotoxin, the natural form of such molecule being secreted by a 

carnivore mollusc living in the tropical seas) useful to modulate the action of several neuro-stimulator. The patent of 

KOCHI UNIVERSITY (EP2383337) claims about genetic engineering techniques applicable to the algae, while the patent of 

MICRO THERAPEUTICS (EP1761178) belongs to the same patent family of EP2316355 (COVIDIEN) and concerns the 

production of devices coated with biomolecules and useful to the 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/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of 
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countries. The diagram displayed in Figure 66 takes in consideration the applicants aggregated because of a common 

location of the respective premises (the country of residence). Since the dataset regarding the genetics of sea organisms 

includes only 203 non duplicated patent families and considering that some information regarding the family dimension 

may be missing, the differentiation of applicants respectively resident in eastern and western countries is present but 

barely detectable.  

Figure 66 {Ŝŀ ƻǊƎŀƴƛǎƳǎΩ ƎŜƴŜǘƛŎǎΥ Ranking of the country of residence of the players based on the patent family dimension 

 

2.c KEYPOINTS 
¶ Having already mentioned that the dataset concerning the genetics of the sea organisms is one of the smallest 

datasets analyzed, it 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 that most of the patent applications are filed to the 

CNIPA/SIPO authority. 

¶ Nevertheless, the analysis of the legal status evidenced that several players of the western countries (eg. DANISCO, 

BASF PLANT SCIENCE and UNILEVER) are included among the players who scored the highest numbers of patent 

applications and the highest grant rate. 

¶ Additional players, either headquartered in eastern countries (HAINAN UNIVERSITY, KOCHI UNIVERSITY or in 

western countries (BASF PLANT SCIENCE, COVIDIEN) own patents claiming relevant applicability of different 

approaches all based on the biotechnologies.  

d) Biofuels 

The number of the patent owners is several hundred, a selection of the top players is displayed in Figure 67. 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 is 44%. 
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Figure 67 Biofuels: Ranking of the applicants based on the patent application number and grant rate 

 

From the above diagram is quite impressive that despite HELIAE DEVELOMPENT owns a number of patent families 

comparable to those of the other top players, the number of applications filed by such player is much higher than the 

number of applications filed by each of the other competitors and the number 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 already anticipated (Figure 19 ς άHow to read this documentέ). A more synthetic indication reflecting the 

expected lifespan of the granted patents might be argued from the following Figure 68. 

Figure 68 Biofuels: Residual validity of granted patents (data from EP Register) 
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Quite interestingly, all the patents listed above have a consistent residual lifespan. This evidence appears rather surprising 

in virtue of the observation that the trend of the patent applications is progressively declining after yr. 2015 (pls. refer to 

the market scenario). The results of the assessment of the triadic families are shown in Figure 69. Even if not appearing 

in the table, there are several patent families owned by HELIAE DEVELOPMENT. Most owners are US residents. 

Figure 69 Biofuels: some of the Triadic families 

 

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

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 70 takes 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 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. The main difference concerns the strategy of protection, as revealed by the different distribution of 

the respective patent family dimension. It is noteworthy that one patent family owned by one US applicant includes 125 

family members. 

Figure 70 Biofuels: Ranking of the country of residence of the players based on the patent family dimension 
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2.d KEYPOINTS 
¶ Even if it may seem that there is a progressive decline of the patent applications, while a countertrend emerges 

from the NPL documents, many players, usually headquartered in the USA or in South Korea, own patents showing 

a consistent residual lifespan, therefore the commitment toward the legal protection of technologies aimed at the 

production of biofuels obtained from the marine biomass is still consistent. 

¶ The above statement is corroborated by the fact that several players are also included in the list of the triadic 

families, being the player HELIAE DEVELOPMENT owner of 11 patent families included among the triadic families. 

According to the technology described in several patent documents (EP2555631, EP2556136, etc.) the goal is that 

of using the algal biomass to separate the proteins to be incorporated in food products from lipids to be used as 

renewable fuels. 

¶ Similar approaches are followed by other players (eg. ALLTECH Inc.), while alternative approaches may be based 

on the fermentation enhanced by microorganisms (eg. BIOGENIC INNOVATIONS, EP2494059, the use of algae for 

enhancing the fermentation is claimed). To discover alternative modalities of biofuel production a deeper 

examination of the list including the triadic families is recommended. 

e1) Bio-monitoring and bio-remediation Ą Seawater purification 

The number of the patent owners is several hundred, a selection of the top players is displayed in Figure 71. 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 is slightly less than 33%. 

Figure 71 Seawater purification: Ranking of the applicants based on the patent application number and grant rate 

 

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 



 

 

 

 

 

54/128 

applicant has been already anticipated (Figure 19 ς άHow to read this documentέ). A more synthetic indication reflecting 

the expected lifespan of the granted patents might be argued from the following Figure 72.  

Figure 72 Seawater purification: Residual validity of granted patents (data from EP Register) 

 

The results of the assessment of the triadic families are shown in Figure 73. 

Figure 73 Seawater purification: some of the Triadic families 

 

Upon a rapid examination of the list of the triadic families it can be argued that several inventions concern methodologies 

appropriate for removing contaminants from water, for example in the case of the patents owned by AQUAPORIN or 

BASF. However, it seems that the commitment of such players is rather based in the water purification irrespectively from 

the fact that the technical principle may be not necessarily based on the biological treatment of water. Despite the 

search query has been tailored to include those patent documents where a biologic agent is used to treat the 

contaminated water, the evidence suggests that this methodology may be mentioned in a relatively little number of 

patent documents that may be isolated from the dataset. A rough estimation reveals that about 16% of the results deal 

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 indicator of the commitment 

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

diagram displayed in Figure 74 takes in consideration the applicants aggregated because of a common location 
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of the respective premises (the country of residence). Having noticed from the analysis of 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. 

Figure 74 Seawater purification: Ranking of the country of residence of the players based on the patent family dimension 

 

e2) Bio-monitoring and bio-remediation Ą Remediation 

The number of the patent owners is several hundred, a selection of the top players is displayed in Figure 75. 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 is slightly less than 40%. 

Figure 75 Remediation: Ranking of the applicants based on the patent application number and grant rate 

 



 

 

 

 

 

56/128 

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 already anticipated (Figure 19 ς άHow to read this documentέ). A more synthetic indication reflecting the 

expected lifespan of the granted patents might be argued from the following Figure 76.  

Figure 76 Remediation: Residual validity of granted patents (data from EP Register) 

 

The results of the assessment of the triadic families are shown in Figure 77. 

Figure 77 Remediation: some of the Triadic families 

 

Despite the table shows a partial result, most of the triadic family patents are owned by XYLECO. Like in the 

ǎŜŎǘƻǊ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ά{ŜŀǿŀǘŜǊ ǇǳǊƛŦƛŎŀǘƛƻƴέ ŀƭǎƻ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ άwŜƳŜŘƛŀǘƛƻƴέ only a fraction of the results 
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deals with methodologies based on natural resources, for example the use of algae extract (slightly less than 22% of the 

patent families included in the dataset, in most cases being claimed a deodorizing substance of microbial origin). 

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

of a specific assignee/applicant toward ensuring the exclusivity of the IPRs in a multiplicity of countries. The diagram 

displayed in Figure 78 takes 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 scenario that most applications are 

filed by the US resident applicants and the applicants headquartered in the Asian countries, it is not surprising that US 

and Asian residents score the highest position. 

Figure 78 Remediation: Ranking of the country of residence of the players based on the patent family dimension 

 

Although the coverage of the data may be partial and despite the smaller number of patent families corresponding to the 

Japanese and the Korean applicants, it appears that, irrespectively from the country of residence, most players foresee 

the opportunity to legally protect the innovations by simultaneously filing equivalent patent applications that permit the 

exploitation in a multiplicity of countries. 

2.e KEYPOINTS 
¶ 9ǾŜƴ ƛŦ ǘƘŜ Ǉƻƻƭ ƻŦ ǊŜǎǳƭǘǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜ άǎŜŀǿŀǘŜǊ ǇǳǊƛŦƛŎŀǘƛƻƴέ ŦƛŜƭŘ ƛǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ǘƘŜ ǇŀǘŜƴǘ 

applications filed in recent years, the commitment of the patent assignees seems significant, likewise the 

commitment of the aǎǎƛƎƴŜŜǎ ŀǊƎǳŀōƭŜ ŦǊƻƳ ǘƘŜ άǊŜƳŜŘƛŀǘƛƻƴέ Řŀǘŀ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ŀǎ ǿŜƭƭΦ 

¶ 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 soil, the share of results fulfilling this requisite 

appears modest, being estimated around мс҈ ƛƴ ǘƘŜ άǎŜŀǿŀǘŜǊ ǇǳǊƛŦƛŎŀǘƛƻƴέ ŦƛŜƭŘ ŀƴŘ нн҈ ƛƴ ǘƘŜ άǊŜƳŜŘƛŀǘƛƻƴ 

ŦƛŜƭŘέΦ 

¶ In both cases most applicants are headquartered in the Asian countries. One hypothesis to be further assessed 

concerns the observation that in Western countries the decontamination may still rely on the applicability of 
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physical-chemical methods and seldom be 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 
a1) Healthcare and Pharmaceuticals Ą Cosmetics 

The simplest scheme allowing to visualize the distribution of the technical fields among the patent families is shown in 

Figure 79. 

Figure 79 Cosmetics: Map of the technology fields defined by WIPO 

 

The clustering of the patent documents according to patterns defined by one or more technical fields is consistent with 

the analysed topic and the identification of technologies specifically dealing with the sub-sector is possible. Clustering the 

documents of the same dataset may be based on the classification codes, either IPC or CPC. 
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The following figures (Figure 80 and Figure 81, respectively) are dealing with patterns of IPC/CPC classification codes: 

Figure 80 Cosmetics: clustering of the patent families based on the identification of patterns of IPC classification codes 

 

 

Excluding the documents not identifiable by means of IPC classification codes, the majority may be included in patterns 

characterized by the following codes (either considered individually or in combinations): 

A61Q19/00, referring to Preparations for care of the skin. 
A61P17/00, referring to Drugs for dermatological disorders. 
A61K8/00, referring to Cosmetics or similar toilet preparations. 
A61K31/00, referring to Medicinal preparations containing organic active ingredients. 






























































































































