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Foreword
This report provides a synthesis of the International Society for Applied Phycology Congress 2011 in
Halifax, Canada (18/6/2011 to 5/7/2011). This report is by Dr Pia Winberg, Executive Director of
Seaweeds Australia and Director of the Shoalhaven Marine & Freshwater Centre, University of
Wollongong. Dr Winberg’s travel was funded by RIRDC. The report includes a summary of key
symposia themes and a summary of post tour and commercial applications of algae, including the
successful outcome of the bid for Australia to host the next International Society for Applied
Phycology Congress in Sydney in 2014.
This is useful to the industry because it builds on the summary of the international trends and status of
algal industries globally as summarised from the ISAP Congress in Galway, Ireland in 2008 (RIRDC
Publication No 08/159). It provides an update on the trends and the current state of progress toward
the sophistication of applied algal research and applications in cultivation systems to address key
health, food and energy challenges into the future. As Australia strives towards the development of its
first commercial algal cultivation systems and builds on the established enterprises of algal extract
technology for agriculture and health, taking stock of the global climate and development in this field
is vital.
This project was funded by RIRDC from core RIRDC funds and was supported by the University of
Wollongong Shoalhaven Marine & Freshwater Centre and the Seaweeds Australia network.
This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms
part of our New Plant Products R&D program, which aims to facilitate the development of new rural
industries based on plants or plant products that have commercial potential for Australia. These New
Plant Products will have significant export or domestic market opportunities, have a competitive
advantage - for example in production, seasonality, or market access, and will be attractive to
producers to enter and expand the industry.

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313.

Craig Burns
Managing Director
Rural Industries Research and Development Corporation
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Executive Summary
What the report is about
This report details a travel and conference summary undertaken by Dr. Pia Winberg, the Executive
Director and Director of Seaweeds Australia and the Shoalhaven Marine and Freshwater Centre,
University of Wollongong. It reports on the current global status of applied algal research and
industries as presented at the peak international congress for applied algal research, the 4th Congress
of the International Society for Applied Phycology 2011.
Who the report is targeted at
This report is aimed at government, research and industry networks interested in the current
development of applied algal technology, enterprise and future potential for Australia. This
encompasses both microalgal and seaweed applications, many of which have common ground but also
each with unique strengths and opportunities for application.
Background
Algal industries are already large and represent both wild harvest and cultivation industries globally.
Australia however is a small player in this field despite having one of the largest microalgal
companies for bioactive products in Western Australia. The promise of algal cultivation and
applications to address diverse global challenges of epidemic health and nutrition issues, food
productivity and security, sustainable primary production technology as well as the future of energy
production has increased the interest in algal cultivation globally as well as in Australia. Realising
these opportunities however faces multiple challenges in scaling up to commercial systems and this
was a key focus of ISAP 2011.
Results/key findings
The challenges to scaling up and commercialising algal industries are many and multi-faceted:
• Efficient, cost effective and scalable cultivation systems
• improved knowledge of biological life histories
• strain selection and sophistication of algal breeding analogous to crop industries
• Improved understanding of the functional properties of algae
• control and quality assurance of those properties
• investment to deliver evidence of biological functionality of algae
• standards and suitable regulatory requirements
• uptake and reliable delivery by markets.
Recommendations
Australia is in a good position to develop strong and sustainable algal industries with unique species,
clean environments, high regulatory standards and quality assurance practices, the capacity to
undertake high standard clinical trials and high tech materials science facilities, a track record in
innovation of food and nutraceuticals products and effective marketing skills. However there still
remains inertia for algal industry development to be realised as support for such innovative
trajectories is often regarded as high risk and unfamiliar territory.
Australia is now well represented on the executive committee of ISAP and will also host the next
international congress in Sydney in 2014 as well as the Asia Pacific Conference on AlgalBiotechnology (APCAB 2012). Australia is in a favourable position to invest in and push the
boundaries of R&D and commercialisation of high value and technical algal industries. Taking
advantage of the experience and skills from abroad and developing our own algal industries, Australia
could value add to our other multidisciplinary skills, biotechnology and innovation capabilities. The
promise of algal industries that can contribute to the global issues of disease, nutrition, food
productivity and security, sustainable industries and energy production is a great opportunity.
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Purpose of this report
In 2008, stakeholders of the emerging Seaweeds Australia network attended the International Society
of Applied Phycology Congress in Galway. This conference addressed the diverse and novel
opportunities for algal technology and industry for a changing world. A RIRDC report from that
conference, “Using Algae in the 21st Century – novel opportunities in a changing world” (RIRDC
Publication No 08/159), brought back to Australia a review and perspective of the status and
opportunities that algal cultivation and applications include. This outcome provided a strong basis
from which to identify and target key technology and market development opportunities specific to
Australia that would have a competitive advantage on the domestic and international markets in the
near and long term future. The report provided a backdrop from which the emerging Seaweeds
Australia network could develop a strategic framework for aligning and targeting key research and
development opportunities for Australia.
The ISAP Congress in 2011 was the next triennial event of this peak international applied research
and development body, and presented the opportunity to examine the progress of the algal research
and development initiatives on a global scale. The conference theme was clearly focused on targeting
and taking the next steps in achieving some of the novel opportunities highlighted in 2008. This report
reflects on those developments as highlighted in the 2011 Congress, and includes both success stories
and challenges in realising the short and long term opportunities of algal production technologies and
product applications. It should provide a resource that will contribute to the continuing adaptation and
refinement of algal production and application research and development by researchers and industry
members throughout Australia. If further details of the conference proceedings and specific papers are
required, the reader is referred to a series of selected papers that will be published in a Conference
Proceedings edition of the International journal of Applied Phycology. Some papers are already
published in online versions.

Methods used
This travel report provides an overview and highlights the oral and poster presentations that were
delivered at the International Society for Applied Phycology Congress in 2011. In addition the author
also presented RIRDC funded research findings at this congress, represented the Seaweeds Australia
network, and together with representatives of the microalgal research and development network in
Australia, made a bid to host the next ISAP congress in Sydney in 2014. In addition a number of mid
and post-congress tours were attended and a summary of research and industry highlights from these
tours is provided.
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Conference Themes and highlights
Overview
Once again, the great potential for algal biofuels was a key focus of ISAP 2011. However in contrast
to 2008, there was an emphasis on the grounding of true production rates and yields of algal biomass
in scaled up conditions. There were fewer inflated claims of miracle production levels and culture
systems for algae, however this did not imply that algal production for biofuels is off the radar. In
contrast the presentations in this field were constructive and addressed a range of the limiting factors
including strain selection, culture conditions and extraction process to optimise the production of
algae for biofuels. Aligned with the conference theme of “scaling up”, there was an emphasis on
identifying the barriers to taking outcomes from the laboratory and demonstration plants to real world
conditions. This included not only the technical challenges of going from a small culture vessel to
large ones, but the need for multidisciplinary contributions in overcoming a range of scaling up
barriers from the cultivation, engineering and processing to the economics of production. In summary
the first three challenges are technical and not that difficult to overcome. The challenge remains in the
integration of the technical solutions with viable economics of production in relation to fuel; a very
low and undervalued commodity. In turn, this economic challenge also had solutions, and that was to
target markets other than biofuels for now, including important health, food security and sustainable
technology. A daunting amount of evidence has accumulated for unique algal applications in these
areas, including diverse species and diverse sources. The time is ripe for the consolidation, scaling up
and mainstream promotion of these applications that can be viable today.
The application of algae in health and nutrition was a key focus if ISAP 2011 and emphasized the
need for delivering consistent and reliable biomass or extracts with demonstrated bioactivity.
Currently the algal, and in particular the seaweed, industry is either limited to traditional Asian
cuisine or remains in the western realm of quasi-science and alternative health. Health scares such as
the introduction of uncontrolled amounts of seaweed concentrate in soy products has resulted in
national and international class actions and threatens not only the viability of existing algal industries,
but also the potential for algal products to contribute significantly to global health epidemics
including nutritional deficiencies in developing nations and chronic western diseases including
metabolic and inflammatory disease. This is a key barrier to scaling up as scaling up requires
mainstream acceptance. It was therefore encouraging to witness a united approach to the issue of
controlling the quality and reliability of algal production and associated bioactive molecules, as well
as the demonstration of efficacy through a number of in vitro and in vivo studies in plant, animal and
human application.
The congress contributions came from a truly global suite of delegates and provided for an
international perspective of the diverse and often unique success stories, opportunities and challenges
faced by algal industries in the different countries. Canada provided a perspective on the types of algal
opportunities that Australia and other developed nations might be well placed to target; including high
value and biotechnology areas of algal research and development. In contrast to Canada however,
Australia has a poor history of algal utilization whereas the highly fertile Atlantic seas have provided
Canada with a robust industry and application technology that have developed over time. The
perspective from developing nations also included novel opportunities, but to a greater extent the need
is for strengthening and value-adding to the existing large scale cultivation and commodity markets
that already exist there. Indeed these nations have already scaled up and must maximise the value of
that investment. The opportunities include the diversification of culture strains, both genetically and
taxonomically, and to increase market diversity of existing operations. In addition there were
representatives from Japan after only recently experiencing the tragic events of the tsunami and
nuclear power plant failures. This has damaged the infrastructure and capacity of Japans most
sophisticated and globally important seaweed industry and research capacity. However the resilience

3

of this nation, and the evidence for the work being undertaken to recover from this tragedy, was
evident and emphasized the value and status of the seaweed industry in Japan.
An emerging trend within and across the many nations represented by delegates at the conference was
the importance of networks. There were national and technologically focused networks,
multidisciplinary networks, cross jurisdictional networks between governments, researchers and
industries. Some of the presentations at ISAP 2011 delivered information and objectives of these
networks, and Holdt (2011) also quantified the diverse participation in the Seaweed Network in
Denmark (SND). SND includes stakeholders from universities (37%), the business sector (28%),
fishermen (8%), local authorites (6%), chefs (5%) and diverse other interests (16%). This
quantification provides evidence for the value of such networks in overcoming the cultural divide and
notorious communication barriers between science, governance, industry and the community. SND
has a stakeholder investment strategy at the moment while other networks such as the European
national network NETALGAE (Rebours et al., 2011) is a government sponsored initiative. These
networks were also being aligned as nodes of a global network at the conference, and Seaweeds
Australia found many international counterparts to include in its international ties. Each of the
networks broadly represented some of the key themes of the conference including two for biofuels and
microalgae. Indeed the applied phycology community is a global and growing one. Australia has the
opportunity to harness the energy, skills and markets across these global networks in representation
through Seaweeds Australia, the BEAM network, four Australian representatives on the newly elected
ISAP Executive Committee and two international applied phycology conferences to be hosted in
Australia in the next three years.

Scaling up production and the mass cultivation of algae
The key focus of scaling up at ISAP 2011 referred to the microalgal biofuels arena. A keynote
presentation by one of the most reputable leaders in this field was delivered by John Benemann. John
provided a reflection of the rollercoaster history of algal cultivation systems from the first stages of
the technology 60 years ago, a burst of research activity in the mid-1970’s in response to threat of fuel
security, and the re-invigorated atmosphere today in response to carbon pollution and the threat of
peak-fuel. The current flurry of activity has resulted in hundreds of small start-up companies.
However the track record of these companies has either seen a failure to deliver on the promised
production levels, or an evolution of these companies from a focus on biofuels as the key product to
the development of foods, health products and animal feeds. For example, Cellana in Hawaii started
up with Shell, but now produces fish oil replacements as algal omega-3. This is not based on
technological failures for the most, but rather the difficulty for the fuel product to be competitive with
fossil fuel prices.
The potential advantages of algae for biofuels remain, including the fast generation turnover, growth
rates, high oil content of many microalgal species and carbohydrates in macroalgae. Based on the
demonstrated production of algae in these start up companies today, Benemann suggested that a
realistic projected yield of microalgal lipids in production systems is approximately 40,000 L of oil
per hectare and year, or 100 barrels per acre and year; however future projected production levels are
higher with technological advances emerging. These advances largely address the domestication of
strains (Blackburn et al., 2011; Vonshak, 2011) and cost effective systems for production (Grobbelaar,
2011). An important aspect to consider regarding strain selection was the development of faster
screening methods of species and their molecular traits, as well as traits such as resilience to recover
from high light conditions, rather than a resistance to photoinhibition in high light conditions; the light
needs to be used more efficiently. Debate remained on the design of the most efficient and practical
cultivation systems. Benemann’s perspective suggested that pond systems delivered low and erratic
yields, circular systems do not scale well, tubular and other containment systems are expensive and
difficult to scale; while high rate paddlewheel raceways are the only promising scalable solution.
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Other presentations discussed the concept of ongoing refinement of paddlewheel systems to address
improved mixing of culture systems to reduce photo inhibition, remove boundary layers through the
introduction of vortices in the water column and removing any anoxic dead zones. In addition some
other practical challenges remain in relation to scale and efficiency; for example the harvesting
efficiency of the oils, maintaining pure strain cultivation and retrieving oils before any other
organisms, like bacteria, do. Promising laboratory results are difficult to scale up, the mid-sized
demonstration plants are required in more instances to test species and technologies, and regulatory
issues need to be overcome. Australia’s Michael Borowitzka flagged some other underlying issues
including the global supply of phosphate and the true costs of nitrogen fertilizers. Here again though
algae are target candidates for new crop industries because they utilise nutrients more efficiently than
land crops. Benemann summarised the needs for future success stories of cultivation of microalgae for
biofuels as “the strains, the ponds, the people”.
Biofuels was not only limited to the realm of microalgae however, and the promise for macroalgae to
contribute to ethanol and biogas energy production in the future was represented by delegates at ISAP
2011. This included examples from the colder climes of northern Europe, and Scandinavia in
particular. Seabased production of the very fast growing kelp species of Laminaria is still being
pursued for large scale, year round production of biomass for energy in the colder climes, and land
based bioremediation species such as Ulva sp. hold potential for localised closed energy production
systems in agriculture and industry. Again the wild type issues are reflected in macroalgal cultivation
systems as for microalgal systems. In contrast to land crops, there is still a need for further
understanding and control of biological life cycles and the influences on proximate biomass
composition and chemical profiles. For example, Klaus Leuning highlighted that the polysaccharide
profile of Laminaria will alternate seasonally for alginate, mannitol and laminarin content.

Figure 1.

Pilot scale cultivation of Laminaria in Norway for production of ethanol and biogas.
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Algae Products and applications
There was abundant evidence that the development of cultivation systems towards biofuels production
has not gone to waste and that microalgal production systems are delivering a suite of outcomes
towards nutritional foods, feeds and health products. The success story of Cognis Nutrition and Health
in Western Australia is but one of the leading examples, being the largest global supplier of natural
beta-carotene since 1986. The trajectory is being pursued with increased interest as more and more
biologically functional molecules are being demonstrated or confirmed every year. It was inspiring to
witness the collective articulation for the need of increased standards, quality, consistency and
evidence based efficacy of algal products in the food and health sectors. This need was further
emphasized in a presentation delivered by Gellenbeck (2011) who represented the perspective of the
bioactives industry, in contrast to research institutions. Gellenbeck summarised the needs of
functional components of algae to be delivered to manufacturers with evidence of efficacy to
substantiate claims, through consistent and ethical sources, of a high quality and that suppliers of such
molecules have addressed the regulatory requirements (Table 1). This presents many barriers to the
scaling up of known bioactive molecules as it requires multiple skills beyond that of isolated
phycologists or clinical researchers, as well as significant investment. The key challenge here for
applied phycologists is accessing the resources required for human clinical trials to demonstrate
efficacy. Preventative and functional health applications are always at the bottom end of the scale in
relation to medical intervention research funding, and it might be that a concerted collective effort
from this sector of applied phycology to deliver some rigorous clinical evidence is a pre-cursor to
recognition that this field of research holds significant potential to deliver important health and
economic outcomes. This approach will require greater recognition by research funding bodies and
corporate investment for the collective good of emerging bioactive products.
Table 1:

The requirements by manufacturers of bioactive products, of the producers as
identified by Gellenbeck (2011).

Requirements by manufacturers of bioactive products
- Efficacy (chemical, bio-assay, animals, human clinical trials, double blind placebo, dose)
- Quality assurance (all declarations match the internal specifications of the product)
- Repeatable characteristics (chemistry, microbiology, heavy metals, particle size, flow
properties)
- Applications and regulatory requirements across different countries (e.g. Japanese INCI)
- A manufacturing flowchart (production methods, extraction solvents and ratio, molecular
components, physical characteristics)
- no genetic modification
- Halal or Kosher certification
- Use of radiation
- Use of chemical pesticides or other chemical residues
- Potential contaminants
- Microbial status
- Potential allergens
- Any animal derived components
- Safety MSDS sheets
Specific applications of microalgae outside of the biofuels arena was deserving of the keynote speaker
address by Professor Chen (2011) and included new and old bioactive molecules, both with
opportunities for new applications. These included anti-oxidants, polyunsaturated fatty acids, antiviral
and metabolic applications, and importantly that some of these bioactive properties of algae were
more effective than pure synthetic drugs currently on the market. Further the environmental or genetic
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control of these bioactive traits was expanded upon and included the contrasting effects of
temperature and light interactions on lipid and pigment profiles (Shang et al., 2011), and culture
system and nutritional influences on polyunsaturated fatty acids (Grewe and Pulz, 2011), domoic acid
(Lewis et al., 2011) and carotenoids (Lamers et al., 2011). In this way the concept of photo bioreactors
was still delivered as the cultivation system solution for high-value products and “new generation” of
photo bioreactor designs was called for by Pulz (2011).
Similar to the need for control or domestication of microalgal species for biofuels and applications of
microalgae for food and health, the control of proximate composition and chemical profiles of
macroalgae to deliver reliable, quality and effective bioactive molecules was also highlighted. From
the macroalgal perspective there remain a suite of bioactive molecules under exploration, however the
point of interest in relation to macroalgae remained focused on the diverse polysaccharides (Table 2)
which have unique characteristics in macroalgae compared to plants as the molecules are highly
complex, branched structures and highly charged and sulfated. Research and development represented
in this field included Australian research and development funded by RIRDC (Winberg (2011) see
Appendix for abstract) and highlighted the known and unknown influences on diverse molecular
profiles and other macroalgal traits. Similar to the shifting polysaccharide profile of Laminaria as
described for biofuels above, it is well established that the life history and tissue type influence the
polysaccharide content of Chondrus crispus and Undaria pinnifitada respectively. Subsequently,
Hafting (2011) emphasized the need for controlled production of macroalgae in land based cultivation
systems to target the high value markets that demand consistent traits and biological functionality,
while Champenois & Sassi (2011) demonstrated that point in action through the influence of nutrient
delivery in culture on the ulvan content, composition and extraction efficiency.
A range of speakers presented findings on the efficacy of sulfated polysaccharides as bioactive
components of macroalgae. A highlight of this concept was provided by Evans (2011) to illustrate the
complexity of the interactions between a range of seaweed bioactive components as well as diverse
chain reactions in animal consumers to deliver significant and broad animal health benefits. One of
the few clinical trial approaches also emphasized the application of sulfated polysaccharides for AIDS
and associated secondary diseases such as Candida (Teas, 2011). Sassi et al. (2011) went further in
the potential to deliver targeted sulfated polysaccharide bioactive extracts by the refinement of large
ulvan molecules through the slicing action of patented enzyme producing genes from gut bacteria of
marine organsims. There were many other health applications for macroalgae and macroalgal
components presented, including a solid review of benefits to plants for improved agriculture
productivity (Ross et al., 2011), but also for indirect animal health benefits provided by seaweed
application on plants where the plant crop anti-oxidant properties are boosted and deliver health
benefits for consumers of the plant (Fan et al., 2010).
Table 2:

Some of the published evidence for specific potential health applications of sulfated
polysaccharides in macroalgae. Specific polysaccharides are known to have
specific and different biological functionality.

Biological Activity

Carageen

Ulvans

Fucoidans &
Laminarins

prebiotic

yes

yes

yes

anti-coagulant (thrombotic)

yes

yes

yes

antiviral

yes

yes

yes

anti-oxidative

yes

yes

yes

antitumoral

yes

yes

yes

anti-inflammatory

yes

yes

yes

yes

yes

antilipidemic
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Lerat & Sassi (2011) summarised diverse applications well from a global perspective. The
differences between the European production and markets and the global markets remains quite
distinct with Europe still dominated by wild harvest (>99%) while globally 93% of macroalgal
production is cultivated. Also, the targeted European markets are colloids (75% of production) while
globally 75% of production is for foods. These markets are well established however depending on
the region of the world can still be regarded as new and emerging. For example the western markets
for macroalgal food products are considered novel. Across all regions however research and
development in pharmaceuticals, phyto sanitary and feed supplements has established itself and
commercial developments are in progress. The industrial trends include novel materials such as
biodegradable and environmentally friendly packaging, intelligent polymer research and other
specialty chemistry products as well as the biofuels potential outlined above. Such developments have
been pursued in part due to the European IDEALG initiative which includes 18 partners led by
ROSCOFF in France with the aim of transferring basic technical knowledge to real applications.
Some new technological developments in Europe in this field include the sequencing of the genome
for Chondrus crispus; thereby establishing the potential to link desirable chemical traits with genetic
information (Collen, 2011). This can lead to a rigorous effort in the patenting of macroalgae for the
commercialisation of evidence based bioactive molecules that are emerging. However the real
challenges of commercialising macroalgae and it’s chemical constituents may not lie in achieving
patents, but rather in being able to address the practical barriers of regulation and vertical integration;
the key challenges in this macroalgal industry development.
Some of the large scale production of macroalgae in Australia’s neighbouring Asia Pacific region for
phycocolloid applications was also represented at ISAP 2011. The trends in these regions is one of
growth and socio-economic importance and opportunity in relation to macroalgal cultivation.
However there are also threats of too much reliance on one commodity crop linked to narrow genetic
pools. Disease and pests are becoming a problem in the Philippines and the socio-economic threats of
this were highlighted. Although diversification of strains, species and markets would be important
strategies to address the long term viability of this industry, some novel solutions to disease
management were presented (Hurtado et al., 2011). This included the use of northern hemisphere
brown seaweed extracts as a rinse for the red seaweed germlings of Kappaphycus, and provided a
breakthrough in improving the productivity of this important industry in the Philippines.

Use of algae in aquaculture feed / food
Again the use of algae within aquaculture has two purposes, one for bioremediation in integrated
multi-trophic aquaculture systems, and secondly integrated into feed for animals. This year at ISAP
there was a focus on and further evidence for the opportunity and benefits of algae in aquaculture
developed commercial production of macroalgae for animal feeds; emphasizing that the complexity of
health benefits are larger than for simple vitamin pre-mixes alone (see analogy by Evans (2011)). The
organic complexes of nutritionally important components are thought to be more bioavailable and
with multiple functionality, compared to simple salt complexes that usually make up the vitamin and
mineral contributions in aquaculture feed. The addition of macroalgae to feeds has demonstrated
inceased feeding behaviour, increased growth rates, reduced mortality and disease and improved gut
condition. In addition the product quality of fish meat that included seaweeds has been ranked more
highly by chefs. The applications of such macroalgal additions have been trialled on salmon prawns
and swine. Microalgae also have similar potential for addition to aquaculture feeds, especially in
contributing to the limited supply of polyunsaturated fatty acids. The selection of the optimal strains
for such applications was presented by Zittelli (2011). Again cost effective production is a challenge
for aquafeeds in scaling up to commercial ventures and achieving production competitive with fish
meal at US$1.3-2/kg. However some promising developments of good strain selection and the use of
cheaper industrial salts for production hold promise in proving algal biomass at rates of 20% in
aquaculture feeds.
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Algae and the Environment
Natural resource management of macroalgae is an important issue in the northern hemisphere where a
long practice of wild harvest has seen a reduction of certain species of macroalgae with ecological
consequences. Therefore sustainable and adaptive management of wild harvest, based on scientific
evidence, is important in the north. Although of less relevance in Australia where wild harvest is
limited to small quantities of introduced species such as Undaria sp. or beach wrack in the southern
states, the successful management of wild stocks in the north may provide some opportunity for
Australia to explore limited and sustainable wild harvest for regional communities and cottage
industries or for ranching style operations. For species such as Palmaria palmata, Garbary et al.
(2011) demonstrated that wild harvest of dense populations done in the right way and at monthly
cycles provided for full regrowth by the time of next harvest. A similar message was delivered from
South America where Vasquez and Piaget (2011) stated that “how you harvest is more important than
how much you harvest” in relation to harvesting management issues of alginate producing brown
macroalgae in Chile. Considering the socio-economic importance of these industries for local
employment, sustainable management that supports long term wild harvest of macroalgae is
important.

Algal Biotoxins
This theme was not covered in the report from ISAP 2008; however with the development of a key
research focus on algal biotoxins at the Sydney Institute of Marine Science (SIMS), this theme has
relevance to an emerging strength of applied phycology in Australia. Many of the often undesirable
toxic algal properties, also hold potential for the high end therapeutic agents such as for anti-cancer
drug leads that were presented at ISAP 2011 (Tsuda and Kumagai, 2011). A keynote presentation
provided a summary of the diverse types of algal phycotoxins including some of the most complex
chemical structures known in nature (Quilliam, 2011). Together with the applications in biofuels, this
field of research has contributed to a three-fold increase in the number of patents per annum that
involve algae (Newton, 2011), indicating huge interest and activity in applied algal research that may
be poised for significant growth if the scaling up barriers can be addressed.
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ISAP 2014 bid
The funding for attendance at ISAP 2011 also contributed to the delivery of a bid by the macroalgal
and microalgal networks in Australia to host ISAP 2014 in Sydney. Although competitive, Australia
won this bid and with four representatives on the Executive committee for ISAP, will develop a local
conference organising committee to deliver on this opportunity.

Bid summary:
Australia has a history of reputable research and scientific capacity in basic phycology as far back as
George Clifton and macroalgae in the 1800’s, to current international leaders in microalgal research
and commercial developments. Two such leaders on the bidding committee include Michael
Borowitzka who is a member of the ISAP Executive Committee and Dr Susan Blackburn. Professor
Michael Borowitzka has worked on commercial-scale algae production for over 30 years and was part
of the team which developed what is now the largest commercial algae production plant in the world,
the Dunaliella salina beta-carotene plant at Hutt Lagoon, Western Australia. He and his team have
also built the first algal biofuels pilot plant in Australia. Dr Susan Blackburn has a long history which
has been internationally recognised in microalgal research and has also been inducted into the
Tasmanian Honour Roll of Women 2011 for service to science. Dr Pia Winberg has a background in
sustainable marine food production systems, and has approached applied phycology in her research as
central to the challenge of global food security from the oceans. In this way Pia has developed one of
the first pilot Integrated Multi-trophic Aquaculture pilot systems in Australia with indigenous people
and has been a key driver of the Seaweeds Australia network funded by the Australian Government.
Although collectively small on a global scale, some significant commercial algal enterprises already
operate within Australia such as the Dunaliella salina production facilities of Cognis Nutrition &
Health, the largest global supplier of natural beta-carotene (since 1986), SeaSol for agricultural
applications (since 1970’s) and Marinova for nutraceuticals and pharmaceuticals (since 2006).
Australia has further untapped opportunities of algal cultivation and applications in foods, health and
nutrition, livestock and agricultural industries (including aquaculture), natural resource management,
as well as biofuels. There has been an increase in phycological applications, investment, research and
development and applications in Australia in recent years. Some examples towards scaling up algal
cultivation and its applications include:
• BEAM (Biotechnological and Environmental Applications of Microalgae) sponsored by the
Australia Research Council, RioTinto and Murdoch University.
• Pilot commercial trials of algal biofuels and seaweed cultivation funded by the Rural
Industries Research and Development Corporation (RIRDC).
• Government R&D organisations (RIRDC & FRDC) and University of Wollongong
sponsorship of the macroalgal research and development network Seaweeds Australia.
• Department of Resources, Energy and Tourism research grant to the Algal Fuels Consortium
2nd generation Biofuels facility at the South Australian Research and Development Institute
(SARDI).
• Recent research and commercial pilot trials such as the Coal fired power plant company MBD
and the algal biofuels research and development facility at James Cook University using
Origin Oil technology.
• Support for bioremediation and waste recovery freshwater algal system developments through
AusIndustry (Zerodischarge Pty Ltd.).
• SARDI macroalgal utilisation of industry waste and applications in aquaculture.
• RIRDC and University of Wollongong seaweed cultivation and nutritional applications trials.
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We believe that Australia would provide a strategic next port of call for the ISAP Congress 2014, due
to the emerging interest and support for algal applications, the breadth of potential international
collaborations for skills and resources to be shared, and the diverse and expansive scales of inland and
marine water resources that hold potential for algal cultivation. In addition Australia hosts unique
biodiversity of algal flora in both fresh and marine waters and can provide a new and enlightening
perspective for the global phycological networks.
The proposed host city of Sydney also harbours unique temperate micro and macroalgal communities
for delegates to experience first hand.

Industry relevant congress tours
Canadian & U.S. Seaweed Industries
Both Canada and the North Eastern States of the U.S. have developed considerable seaweed industries
around the wild harvest of seaweeds. It was obviously clear how bountiful and productive the North
Eastern Atlantic waters are looking at the 7m low tide expanse of seaweeds that literally carpeted the
rocky coastline of this region of the continent.
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Figure 2.

Abundant fields of Ascophyllum and Fucus species of brown seaweeds carpeting
the Canadian coastline in Nova Scotia. Alan Critchley of Acadian Seaplants Limited
demonstrates the sustainable methods of wild harvest of Ascophyllum.

The jurisdictional border between the U.S. and Canada presents a management challenge for
macroalgal harvesting in this productive North Eastern region of America. The State of Maine hosts a
Seaweed Council that addresses this challenge and has delivered a set of harvesting guidelines.
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As outlined in the Acadian Seaplants Limited presentation, high value products and biotechnological
capacity to undertake research at the molecular level of algae has provided for an industry that
employs hundreds of people from harvesting, processing, cultivation, ongoing research and
development and marketing. A tour of the National Research Council of Canada demonstrated
facilities where marine bio-actives, natural products chemistry, functional genomics, proteomics,
metabolomics and algal biotoxins are central areas of research. Canada is building on and value
adding to the capacity for biotechnology and health in relation to algae – a lesson and a role model for
Australia.
Despite the strength of the seaweed industry in Canada, there is surprisingly little innovation
regarding the uptake of consumption of algae as a food, except from the exotically tinged traditional
algal cuisine from Asia. The culinary development in Australia has blossomed over the last decades
and provides a unique opportunity for Australia to explore the development of algae in foods building
on its innovative and high quality reputation in novel and modern cuisine. In contrast to Canada, U.S.
industries had established domestic food markets for seaweed products and although still at the small
scale of enterprise were growing considerable and imported organic status seaweed produce to
complement local products and to meet local demand.
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Figure 3.

Diverse seaweed of Nova Scotia.

Figure 4.

Shep Eckhart of Maine Coast Sea Vegetables showing the production facilities and
food products manufactured from a local and imported supply of organic certified
seaweeds.

In the U.S., The University of Maine was also developing the applications of macroalgae towards
health products as well as production in integrated aquaculture systems. On conclusion of ISAP 2012,
the Phycological Society of America (PSA) held is annual conference in Seattle with a key theme of
mainstreaming and strengthening the evidence for health benefits of macroalgae. Prof. Susan Brawley
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of the University of Maine was central in developing this focus and provided a tour of the innovative
work being done at the University just prior to the PSA conference. This included high level expertise
in the taxonomy of the biologically diverse seaweeds of north eastern USA, but also cultivation in
integrated multi-trophic aquaculture with sea urchins.

Figure 5.

Intertidal boulders of Fucus, Chondrus, Ulva and Palmaria species of seaweeds in
the Acadia National Park of Maine, U.S., and Professor Susan Brawley providing
expert descriptions of the life histories of these species.
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Figure 6.

Maine Aquaculture R&D and enterprise in action at the University of Maine with
seaurchin and seaweed IMTA development, and the US Department of Agriculture
with high tech breeding programs for native salmon.
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ISAP 2001 also coincided with the conclusion of the impressive global tour documenting of The
Algonaut‘s Road (http://www.algonaute.com); a challenging documentary of the many faces of
applied phycological research across the world and including three states of Australia.

Figure 7.

The author, Pia Winberg holding a smaller version of the local Laminaria brown
seaweed in Nova Scotia, while Jeff Hafting of Acadian Seaplant limited
demonstrates the scale that the Nova Scotian seaweeds can grow to.
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Outcomes of Australia’s bid to host ISAP 2014

Recommendations to RIRDC and Industry
The refinement and focus of global R&D programs on algae for health, agriculture and aquaculture
applications was evident at ISAP 2011, and this focus for Australia remains a strong point in relation
to high value and high technology applications of local and underexploited algal resources. These
resources can contribute to the Australian transitional challenges for future sustainable industries, and
will include biofuels technology although the cost effectiveness of this application remains at the
current time.
The challenges to scaling up and commercialising algal industries are many and multi-faceted, and
include efficient and scalable cultivation systems, improved knowledge of biological life histories and
functional properties of algae, control and quality assurance of those properties, the development of
further evidence of biological functionality of algae, the development of standards and suitable
regulatory requirements and uptake and reliable delivery to markets. In the first challenge of
cultivation systems, there is in essence little further development of systems that have been
established and refined and, in the case of Australia, there would be little benefit in reinventing the
wheel here. Adopting cultivation system design technology that has evolved over decades including
for land and sea-based cultivation as well as for macro and microalgae would be a more efficient
strategy and would require collaboration with established global industries and engineering
companies.
For the remaining challenges, Australia stands on strong ground to grow in areas that target unique,
Australian seaweed taxa and associated biologically active molecules, clean and remote oceanic
waters in regional areas, high regulatory standards and quality assurance practices, the capacity to
undertake high standard clinical trials and high tech materials science facilities, a track record in
innovation of food and nutraceuticals products and effective marketing skills. However Australia
faces losing an older generation of phycologists and their accumulated knowledge from the 1900’s
when phycology was a strong point of the nation, and there still remains inertia for algal industry
development to be realised as support for such innovative trajectories is often regarded as high risk
and unfamiliar territory. Placing this in contrast to international investment outcomes at ISAP 2011
from multimillion dollar investment strategies throughout Europe and North America, indicates that
Australia may be slow on this front, however interest is growing and the national networks in
Australia are gaining momentum as Australia grapples with issues of global change and the need to
find new industries for the future. The importance of algal industries to our neighbouring and
developing nations is also evident and indicates that we have a lot to learn from these nations, but also
that some of our technological standing can be of use to improve algal industries in our local area and
contribute to increasing the resilience of these nations to economic and environmental challenges.
Australia now has four representatives on the Executive Committee for the International Society for
Applied Phycology (ISAP), and the Asia Pacific Conference on Algal-Biotechnology (APCAB 2012)
and ISAP 2014 will be hosted by Australia. The conditions have never been more better for Australia
to invest in and push the boundaries of R&D and commercialisation of algal industries. We should
take advantage of the experience and skills from abroad that will come to our shores, but also to
further invest in and develop our own algal industries and value add to our other multidisciplinary
skills, biotechnology and innovation capabilities at a time when the world is coming to us and we can
contribute to this truly global industry. After all, the promise of algal industries contributing to the
global issues of disease epidemics, nutrition, food productivity and security, sustainable industries and
energy production is more than a small opportunity.
If further details of the conference proceedings and specific papers are required, then a series of
selected papers will be published in a Conference Proceedings edition of the International journal of
Applied Phycology. Some papers are already published in online versions.
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Appendices
Itinerary
Seaweeds Australia representation and congress bid at ISAP2011 in Halifax Canada
Itinerary
18-Jun-11 Sat
Fly to Halifax Canada
19-Jun-11 Sun
Congress Registration
20-24/Jun - 11 Mon-Fri Congress program including accepted abstract by Winberg et al.
ISAP 2014 bid for Sydney Australia presented to ISAP committee by
23-Jun-11 Wed
Winberg and BES
Visit and represent Seaweeds Australia stakeholders at Acadian
Seaplants Limited
27-Jun-11 Mon
30-Jun-11 Thurs
Travel to Maine, U.S. to Visit Maine Seacoast vegetables
Visit the Maine University Aquaculture and Phycology research
1-4/July - 11 Fri-Mon centres
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Abstract of conference presentation

Phenotypic response to the environment and genetic expression; a challenging
interaction in scaling up for high value macroalgal markets.

P.C. Winberg,1 L. Kirkendale,1 N. Robinson2
1
2

University of Wollongong, Shoalhaven Marine & Freshwater Centre, Nowra, Australia;

Nofima marin, Norwegian Institute of Food, Fisheries and Aquaculture Research
Norway;
E-mail: pia@uow.edu.au

Scaling up of algal production systems delivers different challenges depending on the
targeted market. High value markets targeting specific traits of a macroalgal species often
require high consistency of product composition, traceable parent stock and product quality
assurance; all features which are difficult to maintain in scaling up processes and that vary
across species and culture conditions.
Macroalgal expression of different morphologies, tissue composition and lifecycle transition
rates differ in response to environmental conditions, but also genetic profile. Identifying and
selecting desirable strains as well maintaining a culture environment suitable for expression
of desirable traits is a major challenge.
Here we review some known triggers of variability in proximate composition and functional
molecules that will create challenges in scaling up production of a variety of macroalgae for
targeted high value markets. We also describe a case study that is tackling these challenges
following the experience of scaling up to pre-commercial scales. Specifically the genus Ulva
has been targeted for food and potential health benefits, however variable proximate
composition and functional molecules within and across species, as well as in response to
environmental cues, has introduced challenges and the causes of this variability are being
identified.
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2011.
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