
01

The concept of an ocean-based or 'blue' economy has its origins in the 'green economy' concept 
endorsed at the Rio+20 United Nations Conference on Sustainable Development in 2012. The concept 
of the blue economy refers to those economic activities that directly or indirectly take place in the 
ocean and in coastal areas and that use outputs from the ocean; it includes goods and services that 
support ocean activities, as well as the contribution that those activities make to equitable economic 
growth and social, cultural and environmental wellbeing. The scope of the blue economy therefore 
includes activities that explore and develop ocean resources, use ocean products as a main input, use 
ocean and coastal space, protect the ocean environment, provide goods and services to support ocean 
activities; and develop mechanisms to ensure the equitable sharing of national wealth (and bene�ts) 
derived from the blue economy. The blue economy concept also encompasses economic and trade 
activities that integrate the conservation and sustainable use and management of biodiversity. 

By conceptualising the ocean as a development space where spatial planning integrates conservation, 
sustainable use, resource extraction, sustainable energy production and transport, the blue economy 
o�ers an alternative economic approach that is guided by environmental principles. It challenges the 
status quo, whereby oceans have been viewed as a free resource and an unlimited sink for the disposal 
of waste; instead, it shifts the focus so that ocean values services are included in decision-making and 
bene�ts are shared more equitably. The successful implementation of the blue economy model nation-
ally, regionally or globally, will require a more integrated and holistic approach to assessing develop-
ment scenarios, and their implications for society. The blue economy will incorporate ocean values and 
services into economic modelling and decision-making processes, thereby helping maritime develop-
ing countries address equity in access to, development of and the sharing of bene�ts from marine 
resources. Optimising the bene�ts received from the development of marine environments in coastal 
developing countries- including mariculture, marine biotechnology and marine renewable energy, as 
well as ongoing initiatives relating to �shery, oil and mineral extraction - will require signi�cant politi-
cal, �nancial, logistical and scienti�c resource. However, the outcomes from such a strategy, including 
diversifying economic development, increasing export income, generation of high-value employment 
and enhancing international recognition, will bring real and tangible bene�ts. 

Unexplored Biodiversity

Life in the oceans di�ers signi�cantly from land-based ecosystems, and it is widely considered that at 
higher taxonomic levels - that is, above genus and species level - there is a greater range of biodiversity 
in the marine environment.  Today, seas and oceans, with their largely unexplored biodiversity, o�er
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signi�cant potential for innovation on two di�erent fronts: a better understanding of marine and mari-
time resources and their biodiversity, and a more e�cient exploitation of the economic and scienti�c 
potential of those resources. Blue biotechnology is de�ned as ‘The application of science and technolo-
gy to living organisms, as well as parts, products and models thereof, to alter living or non-living mate-
rials for the production of knowledge, goods and services’ (OECD, 2005).

The oceans make up about 70 per cent of the surface of our planet but over 99 per cent of the 
biosphere (since organisms are found throughout the water column), and they represent the greatest 
extremes of temperature, light, and pressure encountered by life. Adaptation to these harsh environ-
ments has led to rich marine biodiversity and genetic diversity with potential biotechnological applica-
tions related to drug discovery, environmental remediation, increasing seafood supply and safety, and 
developing new resources and industrial processes. The global market for marine biotechnology prod-
ucts and processes was estimated at €2.8 billion in 2010 (Berresen et al. 2010), with a cumulative annual 
growth rate of 5-10 per cent.

The key to future biotechnology is bioprospecting, which can be described as a systematic search in 
marine organisms from the sea, along the coast, the seabed or beneath the seabed. This may include 
all kinds of organisms: micro-organisms (micro-algae, bacteria, fungi and viruses) and larger organisms 
such as sea plants, shell�sh and �sh. The purpose of marine bioprospecting from a business perspec-
tive is to �nd components, compounds or genes that may be included as components in products or 
processes. The technological journey involved in bioprospecting, from �nding an organism with 
biotechnological potential to having a product that is marketable, can be a complex, time-consuming 
and expensive procedure. In the case of bioprospecting for molecules with pharmacological activity, a 
minimum of 10-15 years and hundreds of millions of dollars may be required to take a product to 
market. However, for other, non-pharma, products the development pipeline may be much shorter, 
and, particularly for those products that can be manufactured using proven technologies and where 
there is a strong market demand, the period time from discovery to income generation may be as short 
as 2-5 years. 

Bioprospecting 

Integral to the development of blue biotechnology and the exploitation of marine resources is the 
concept behind the circular economy, namely a departure from the 'take, make and dispose' approach 
that underlies much of modern manufacturing etc. Instead, in the circular economy model, consumer 
goods and other products are designed so that they can be repaired and/or easily recycled rather than 
replaced. Biological materials would be managed so that they could be returned to the biosphere with-
out contamination. The drivers that stimulate interest in blue biotechnology and in�uence the goals of 
bioprospecting projects are directly comparable to those that a�ect economies worldwide namely: the 
issues of food security and water availability, energy security needs, demand for transport fuels, an 
ageing population in developed economies, increased a�uence and aspirations in developing econo-
mies and increasing carbon dioxide levels and climate change. Marine-derived products and services 
have the potential to provide solutions that could help to address these major issues. For example, 
marine micro-algae can, using sunlight as their energy source and carbon dioxide as their carbon 
source, produce a range of products (oils, protein, antioxidants, etc.) without compromising potable 
water supplies, as they grow on seawater. It is easy to focus too directly on the potential huge rewards 
that new pharmaceuticals can generate, but the investment needed to take a new product to market is 
in excess of US$2.5 billion (Mullin, 2014). 
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Commercial Opportunities Across the Value Chain

Marine biotechnology encompasses a wide range of activities and can include everything from biopro-
cessing of harvested materials (�sh, algae, etc.) to cultivating marine microbes or developing an inno-
vative buoy system for monitoring ocean pollution. Drug discovery through bioprospecting represents 
one of the most promising and highly visible outcomes of marine biotechnology research. Compounds 
from marine invertebrates, algae and bacteria are very di�erent from those from related terrestrial 
organisms and have the potential to result in new classes of medicines. The drugs cytarabine (ara-C) 
and vidarabine (ara-A) were developed from sponges in the early 1950s and are used to treat leukae-
mia and the herpes simplex virus, respectively; these proved to be commercial success stories with an 
estimated annual worth of US$50-1 00 million (Greer and Harvey, 2004). The �nancial investment in 
bioprospecting required to discover a successful product is large. For example, the United Nations Atlas 
of the Oceans reports that Japan alone spends nearly US$l billion a year on marine bioprospecting, 
with 80 per cent of this funded through the private sector. 

It is worth noting that only out of 10,000-20,000 molecules extracted from terrestrial micro-organisms, 
plants or animals will reach the market and a similar ratio can be expected from marine-derived materi-
als. Furthermore, it may take l0-15 years and the costs of bringing a new pharmaceutical to market have 
reportedly risen from US$800 million in 2003 to $2.87 billion in 2014, if you count post-marketing R&D 
(Tufts Center for the Study of Drug Development, 2014). The 'ceuticals' market includes a very diverse 
range of natural products used in small volumes but commanding very high market values. Spending 
on personal care and cosmetic products is growing steadily globally, with a 2 per cent share of global 
personal care product sales for natural and organic products. Rising average life expectancy in devel-
oped countries has led to an increase in the popularity of anti-ageing products. Furthermore, exotic 
natural ingredients have strong marketing power and can command a premium price. Research is 
being conducted into novel functional ingredients from a range of sources and this includes com-
pounds such as mycosporine¬like amino acids, terpenes and carotenoids, tocopherols and pyrenoine. 
All of these compounds are being investigated for photo protective e�ects-in other words as sunscreen 
ingredients - or as antioxidants. 

There are three main routes by which products to enter the cosmetics market: as raw materials; as bulk 
extracts for formulation; and as specialised functional ingredients. Each of these is associated with a 
di�erent size of industry. Small businesses with innovative products based on raw materials (e.g. 
seaweed soaps) may provide local employment and there may be potential for acquisition by larger 
entities if the product is promising. Cosmetic ingredient suppliers are increasingly interested in 
non-petrochemical-derived surfactants, so that products can be labelled 'natural'. Neutraceutical and 
cosmeceutical products cover a wide product range and application area, which can include every-
thing from antioxidants and �avour ingredients to ingredients in cosmetics, personal care products 
and food ingredients. These types of products are sold on the basis of their e�ect during use, and their 
value can depend on the application area. Some types of animal feed ingredients will also fall into this 
category, particularly where the ingredient has a direct impact on the end product and its markets. 

There is an expanding market for macro- and micro-algal products for use in personal care, and there is 
potential for adding value, especially if locally produced ranges include regionally sourced/grown 
material feeding into the organic, natural and 'free from' markets. Products can range from simple dried 
seaweeds for home baths to high-value spa and cosmetics ranges such as the Blue Lagoon products 
from Iceland. Much of the evidence for the e�cacy of these types of products is anecdotal and many 
are marketed on the basis of traditional uses. This has led the market leaders to invest substantially in 
R&D to substantiate e�cacy. This in turn justi�es the image these products have as high-value prod-
ucts. 
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The major cosmetics company Estee Lauder uses pseudopterosin, an anti-in�ammatory extracted from 
the sea fan Pseudopterogorgia elisabethae, in skin lotions marketed under the trademark 'Resilience' 
The French cosmetics company Clarins uses extracts of the algae Durveillea antarctica in its best-selling 
Extra Firming Day Cream, which it markets for the treatment of mature skin. A third French company, 
Sederrna, sells Venuceane ™, a skin protection product that includes a radical-scavenging enzyme orig-
inally discovered in the extremophile bacterium Thermus thermophilus. 

The cone snail Conus magus incapacitates its prey by injecting a peptide neurotoxin. A synthetic 
version of this peptide (Ziconotide) was developed by the Elan Corporation pic (Ireland) into a synthet-
ic drug for the treatment of patients su�ering from chronic neuropathic pain. This was approved for 
sale under the name Prialt® by the US Food and Drug Administration in December 2004 and by the EU 
in February 2005. A further example is the marine tunicate Ecteinascidia turbinate, which is the basis of 
a commercially available anti-cancer agent, Yondelis@ The Spanish company Pharmamar received 
approval to market Yondelis® in Europe in September 2007 for the treatment of soft tissue sarcoma, and 
this was the �rst drug to be approved for this condition for more than 25 years. This drug was subse-
quently approved for use in 57 countries worldwide, of which 26 are outside Europe. After it had 
received approval for the treatment of ovarian cancer, sales increased to $17 million in the �rst quarter 
of 2010 (Berresen et al. 2010) 
 
Value Added- Commodities 

Value Added- commodities can sell at a premium over energy and feed products and can include com-
modity chemicals - such as lactic acid, a precursor for a variety of products including bioplastics and 
de-scaling soap scum; polyhydroxyalkanoates, a form of bioplastic produced naturally by certain 
bacteria; and butanol, a biofuel that also has solvent properties - with prices ranging from US$1,000 to 
$5,000 per tonne. Anaerobic digestion (AD) is a biological process and involves a set of bacteria break-
ing down waste organic material to produce methane gas and also potentially a liquid fertiliser. The 
current bioethanol price is around US$670/ tonne and the base price of biogas is equivalent to that of 
natural gas (1.5-5 p/kWh over the past two years). Prices for animal feed are between US$70/tonne and 
$1,600/tonne, on a dry weight basis, with pricing dependent on nutritional value. In addition to sale-
able products, this part of the value pyramid includes the bioremediation of wastes, most notably 
carbon dioxide, organic waste and wastewater. Marine organisms also have the capacity to degrade 
organic pollutants and produce biopolymers and surfactants for use in environmental waste manage-
ment. Fucoidan has been associated with in�ammation modulation and immune system stimulation, 
as well as greater cardiovascular health, and it has a current market value of US$1,200/kg. One compa-
ny currently marketing this material as a component of their product range is UNA skincare. These 
products were derived from the original scienti�c research undertaken by the Icelandic R&D company 
Matis, with the subsequent product and process development being undertaken by a spin-out compa-
ny, Marinox. 

Nagoya Protocol 

The Nagoya Protocol applies to genetic resources that are covered by the Convention on Biological 
Diversity (CBD) and to the bene�ts arising from their utilisation. Furthermore, the Nagoya Protocol also 
covers traditional knowledge associated with genetic resources that are covered by the CBD and the 
bene�ts arising from their utilisation. This is enshrined in international law, but it is the tools and mech-
anisms to assist in implementation that are key to ensuring that value accrues to the economies of indi-
vidual countries. A range of tools and mechanisms provided by the Nagoya Protocol will assist in this 
process, including establishing a national focal point and a competent national authority to serve as 
contact points for information grant access and cooperate on issues of compliance. In addition, struc
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tures and expertise will need to be developed with respect to access and bene�t-sharing to facilitate 
equitable sharing of any income that may be derived from materials exploited. Clearly, the statistical 
likelihood of an individual organism having economic potential is low, so intelligent and informed 
screening approaches that target the product of interest should be employed. 

Way Forward- Research and Development

The vision of blue economy biotech activity is inextricably linked with the development of a local, 
entrepreneurially active biotech community. A variety of tax incentives, training initiatives and infra-
structural investments, etc., could help to facilitate this, but a key aspect is the development of a focus 
for relevant scienti�c activity. There are a variety of options that could be explored, including university, 
research institute or science park models, but all have at their core public sector investment. A way 
forward has been successfully developed in Iceland. This is the government-owned, independent 
research company Matis. This company was founded in 2007 following the merger of three former 
public research institutes; it pursues R&D aligned with the food and biotechnology industries as well as 
providing Iceland's leading analytical testing service for public and private authorities. In addition, 
Matis hosts a variety of micro-companies that use the scienti�c, lab and administrative facilities of the 
host, which is often a shareholder in the micro-business. This model allows individual scientists and 
technicians to work within the laboratory for more than one company, thus maximising the bene�ts of 
expertise and experience within the small biotech community. It also provides critical mass and allows 
the company to work globally with academia and others in the commercial sector. Although an organi-
sation the size of Matis (which currently has a sta� of around a hundred) may not be achievable in the 
developing coastal countries, this model, potentially in association with a centralised biological 
resource centre (BRC) could, with 10-20 sta�, create the critical mass to provide the momentum needed 
to establish a sustainable biotech sector. 

Irrespective of the product and/or process that may be developed, the security of the biological 
resource from which they have been developed is of key importance. Any biodiscovery pipeline or 
other biotech applications that will be developed have as the key component of their function living 
material. To isolate and purify these organisms will have had signi�cant �nancial implications and, for 
sustainable use and/or study, they need to be conserved. Re-isolation of the biotechnologically 
exploitable organism from the environment is technically problematic, as well as adding unnecessary 
cost, and trusting to unregulated maintenance of the organisms beyond local control cannot guaran-
tee biological or contractual security. The establishment of a local collection facility would provide a 
resource that could be exploited nationally or internationally and could form a foundation for future 
biotechnological exploitation. Certain recommendations that could assist in the development of blue 
biotechnology;

 a. Existing scienti�c data should be systematically explored to steer any future biopros   
  pecting activity. 

 b. Ensure e�ective and simple implementation of the Nagoya Protocol's recommendations  
  and establish a local biological resource facility. The establishment of a local collection   
  facility will provide a resource that can be exploited qnationally or internationally and   
  form a foundation for future biotechnological exploitation. 

 c. Develop a government-owned, or locally resourced, public- private independent   
  research company as a focus for activity; build strategic alliances with national and inter 
  national commercial and academic partners.   
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 d. A coordinated research and development strategy is needed to address speci�c sector   
  require ments and the broader implementation of the blue economy.

 e. Use blue economy initiatives to rationalise a simple policy landscape and develop clear  
  action  plans. 

 f. Development of indigenous skilled workers that must be rationalised across the blue   
  economy, rather than within individual sectors, with prioritisation according to the most  
  desirable and  feasible applications. 

 g. Capacity-building, e�ective international networking and collaboration, and skills trans 
  fer from foreign academic organisations and technology providers, in addition to   
  regional cooperation, are crucial because of limited in-country resources. 

 h. Public-led partnerships with the private sector are essential to provide initial capital for  
  novel project development, with longer-term risk-sharing mechanisms to maintain   
  investor interest. Economic modelling could be used to understand the likely costs and  
  feasibility of diversi�cation options before investing resources. 

 i. National study into capacity for research and international collaboration should be   
  undertaken, ensuring that, in addition to technical skills, it also considers social science  
  and entrepreneurial aspects relevant to the development of and local ownership of blue  
  economy activity.

Conclusion 

There are numerous opportunities for coastal developing countries to explore and eventually recover 
economic value from the biotechnological potential of their marine resources. The model will depend 
on investment, available skills and infrastructure, as well as political leadership. All of these factors and 
ownership/'buy-in' by local stakeholders are critical to a successful transition from 'business as usual' to 
a truly blue economy. There are technological hurdles that need to be overcome, but international 
collaboration with subsequent local capacity development could result in both wealth creation and 
diversi�cation of the economy, for some this will necessitate a bottom up building of the biotech 
sector, for others it may involve the tactical expansion and linking of existing academic, SME and 
intra-structural actors and organisations.  Inevitably, this will be an evolving process requiring collec-
tive dialogue on the merits and economic and social bene�ts, as well as the potential negative e�ects, 
of implementation at the local scale. It is generally agreed that key components of the successful 
implementation and development of the blue economy are research and international collaboration. 
Blue economy is the only long-term strategy capable of supporting sustainable growth in the marine 
and maritime sectors as a whole and, although blue biotechnology is an important component of this, 
it is inextricably linked to other economic activities in the marine space, including mariculture, ship-
ping, tourism, conventional �sheries, etc. 
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