
Embracing New Frontiers of
Aquacultural Engineering
Research 

Innovation in research, development,
and engineering practices by our mem-
bers is the most important element that
powers the continuous development of
our society. During last two decades,
the members of AES have made signifi-
cant contributions in developing tech-
nologies and related sciences that won
Aquacultural Engineering the reputa-
tion as a profession. Evidences of these
achievements include the establish-
ment of the Aquacultural Engineering
Society which has been a major partner
of the World Aquaculture Society in
conferences and conventions, the part-
nership with Elsevier on contributing to
the international journal of
Aquacultural Engineering, the develop-
ment of an industry base in the US
which largely resulted from the
research, development, and practices
of the Aquacultural Engineering profes-
sionals. Much of the knowledge gener-
ated from research has contributed to
the development and application of
new technologies and many of the

technologies have been adopted and
are now in market place. There is a
long list of examples of these technolo-
gies that are specifically developed and
improved for aquaculture applications,
such as the bead filters, the fluidized
sand filters, the moving bead filters, the
rotating biological contactor (RBC), the
trickling filter, the low head oxygena-
tion system and more recently the
sequencer. There is also a long list of
concept and practices developed that
are of great practical importance, such
as the integrated shrimp and clam cul-
ture system, the partition aquacultural
pond system, the managed biofloc sys-
tems, the low head, air lift driven sys-
tem, and the double drain system, just
name a few. An excellent summary of
many of the progress is included in the
Special Issue Aquacultural Engineering
(Volume 34, Issue 3, 2006) titled
“Design and Selection of Biological
Filters for Freshwater and Marine
Applications”. The content of the issue
is listed in the summer 2006 issue of
AES Newsletter that can be accessed
through http://www.aesweb.org. 

Building upon these great successes, AES
should continue its tradition of innova-
tion by exploring new research frontiers
which offers great challenges and oppor-
tunities. Here are some examples: 

• Membrane Bioreactors
A Membrane Bioreactor (MBR) is an
integrated combination of a biologi-
cal process system and membrane
separation equipment. MBRs are very
effective in retain an active biomass
of bacterial for biological treatment.
Recent development of membrane
technology has greatly reduced the
cost of such systems. There may be
possibilities for using MBR is aqua-
culture applications. 

• Suspended Growth System
Suspended bacterial growth systems
have the advantage of less mass
transfer limitations compared with
attached growth systems that are cur-
rently the predominate type of biofil-
ters used in recirculating aquacultur-
al systems. Recent development in
wastewater treatment has demon-
strated great potential using aerobic
granular sludge technology. The spe-
cific feature of this technology is the
agglomeration growth of bacteria in
granules. The formation of granules
helps the bacterial biomass retention,
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a typical requirement of biofiltration
in aquaculture systems. The recent
experience in managed biofloc aqua-
cultural system and zero discharge
aquacultural system suggest that sus-
pend growth systems have a great role
to play in aquaculture, especially for
warm water applications and applica-
tions where high suspended solids
concentration is acceptable. However,
future research is needed to better
understand the dynamics of the sys-
tems and to develop design guidelines.

• Biotechnology
There are various definition for
biotechnology. For example, one defi-
nition is “any technological applica-
tion that uses biological systems, liv-
ing organisms, or derivatives thereof,
to make or modify products or
processes for specific use” (The
Convention on Biological Diversity
(Article 2. Use of Terms). United
Nations. 1992). Biotechnology can
also be defined as the manipulation of
organisms to do practical things and

to provide useful products. Using
biotechnology tools can help us to
understand better the biological
processes involved in aquacultural
engineeirng applications. There may
be possiblities to use biotechnology as
a means to improve the performance
of biofiltration processes, be it fixed
film or suspended growth systems. 

• Offshore Aquaculture
There have been increasing interests
in offshore aquaculture. Designing
and operating offshore aquaculture
facility possess great engineering chal-
lenges ranging from cage design to
pollution control. AES’ expertise can
offer critical help in developing suc-
cessful offshore aquaculture systems. 

• Biofuel
Biodiesel and ethanol are the two
alternative biofuels that have been
experiencing rapid increase in pro-
duction. The major limiting factor for
biodiesel is feedstock. There is just not
enough land area for growing oil seed
to produce the amount biodiesel to

meet the demand. Algae have been
recognized as the alternative because
of their potential to have much high
productivity per unit area than any of
terrestrial oil seed plants. Again, there
are many challenges to make algae-
base biodiesel production feasible.
AES is in a great position to engage in
such research and development given
the fact that Dr. David Brune, a mem-
ber of AES has led the development of
high productivity pond system. 

The above topics are examples of many
new areas in which AES can engage. I
would encourage members of the socie-
ty to embrace these and other research
frontiers so that AES will be able to bet-
ter position us to develop new and
improved technologies to support the
development of the industry. In addi-
tion, these new areas will offer new
funding opportunities, and broad con-
text to train researchers and engineers of
a new generation. 

Sincerely,
Shulin Chen, AES President
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World Market Needs

Aquaculture currently supplies 38% of
the total world seafood demand and is
predicted to supply 44% by 2020 (see
Table 1). Aquaculture must continue to
increase its capacity as the wild catch is
predicted to only marginally increase by
1.5% yearly over the next 15 years
(Delgado et al. 2002), which will not
supply the needed demand. In addition,
the public is increasingly demanding
production of seafood to be from sus-

tainable methods that are eco-friendly.
The basic thesis of this review is that
recirculating aquaculture system (RAS)
technology is the key technology that
will allow the world aquaculture com-
munity to supply the world per capita
needs in seafood over the next decade
and to do so in an environmentally
friendly manner. RAS technology uses
10 to 500 fold less space and 160 to
2100 fold less water per unit of meat
produced.

RAS produced supply should not be
thought of as competing with the wild
catch, but of complimenting the ability
of the oceans to supply some sustain-
able level of production that must be
supplemented by aquaculture produced
product. This is not a contest between
traditional fishing methods and new
technology. An additional 77 billion kg
of supply is needed by the year 2020 to
maintain current world per capita con-
sumption levels. We predict that 44 bil-
lion kg of this demand will be met
through aquaculture.

Table 1. Contributions from wild catch and
aquaculture (fisheries data from the FAO
Fisheries Global Information System site,
May 2006. www.fao.org/figis) 

The recognized deficit in fishery sup-
plied (wild catch) product has led to
concerted efforts to better manage natu-
ral fisheries. For the case of United States
and likely appropriate to other countries,
Macinko and Bromley (2002) argue that
policy makers must recognize:

1. The American (or country of interest)
public owns the nation's fisheries 

2. Poor management of fishery
resources is at the heart of the fish-
ery crisis

3. The US (or country of interest)
should manage its fisheries as it
manages its other natural resources
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Macinko and Bromley acknowledge
that managing through an individual
fishing quota approach, IFQ, will only
ameliorate the race for fish. Even with
improved management of the ocean
resources, to maintain similar world per
capita consumption levels as in 2005
will require an increase in production
from aquaculture of 44 million ton1 by
the year 2020 (assumes an increase per
year of 1.5% in the capture fisheries and
a 2.8% increase in aquaculture,
Delgado et al., 2002). 

Recirculating Aquaculture
System RAS Technology

Fisheries products are the last mass mar-
keted food being supplied to consumers
by “hunter-gatherers”. This method of
bringing product to market is rapidly
becoming obsolete, and is no longer
able to meet current market needs. As a
result, aquaculture is the fastest growing
segment of agriculture, and is now sup-
plying 38% all seafood consumed (see
Table 1). Conventional aquaculture
methods, such as outdoor pond systems
and net pen systems, are not sustainable
in the long term, due to significant envi-
ronmental issues and their inability to
guarantee the safety of their products to
the consumer. Conversely, indoor fish
production using recirculating aquacul-
ture systems (RAS) is sustainable, infi-
nitely expandable, environmentally
compatible, and has the ability to guar-
antee both the safety and the quality of
the fish produced throughout the year.

Outdoor pond (warm water systems,
e.g. catfish) and net pen aquaculture
systems (cool water, e.g. salmon) are
disadvantaged by their: 

a) large footprint requirements, 
b) limited appropriate natural sites, 
c) environmental issues with respect

to the management of the fish
excrement,

d) geographical limitations due to the
need for a perfect growing climate,

e) Vulnerability to disease, predators,
and natural disasters via their out-
door uncontrollable environment.

Outdoor pond and net pen-based sys-
tems are significantly disadvantaged
with respect to the potential for disease,
which could result in culture loss.
Diseases in fish systems are transferred

by direct water contact with diseased
organisms. Indoor systems start with
potable water and unless diseased fish
or fish carrying diseases are introduced
into the culture system, there is minimal
potential for disease introduction. And if
there is a disease event, effective treat-
ment is much more manageable than
what a fish culturalist faces with tradi-
tional outdoor systems. The outdoor
pond and net pen-based systems are
also disadvantaged by their inability to
supply a consistent product due to diffi-
culties controlling the growing cycles,
which then creates peaks and valleys of
supply available to the market. Finally,
issues related to escapement are of
major concern: particularly with
biotechnology modified species. In such
cases, RAS becomes the only accept-
able culture technique because the ani-
mals cannot escape an indoor RAS and
will, therefore, not have any impact on
the natural populations.

Indoor RAS offers the advantage of rais-
ing fish in a controlled environment,
permitting controlled product growth
rates and predictable harvesting sched-
ules. RAS conserves heat and water
through water reuse after reconditioning
by biological filtration using biofilters.
RAS technology allows effective
economies of scale, which results in the
highest production per unit area and per
unit worker of any aquaculture system.
RAS is environmentally sustainable; it
uses 90-99% less water than conven-
tional aquaculture systems (see Table 2),
less than 1% of the land area (see Table
2) and provides for environmentally safe
waste management treatment. RAS
designed aquaculture systems are infi-
nitely scalable. There are no environ-
mental limitations to the size of the
intended fish farm to be built because
waste streams are controllable in envi-
ronmentally sustainable ways. 

Table 2. Water and Land Use Per kg of
Production of Aquaculture Products and a
Relative Comparison to an Intensive RAS
Tilapia Farm (Timmons, et al. 2002)

RAS offers a high degree of environmen-
tal control. This not only mitigates the
risks of outdoor aquaculture (natural
disaster, pollution, and disease) but also
allows for optimized species growth on
a year-round basis. A similar optimiza-
tion can be observed in the domestic
poultry industry, where chickens were
brought indoors and the cost of environ-
mental control was more than recovered
by higher growth rates, improved feed
conversion, and more efficient use of
labor. This is demonstrated by the fact
that broiler growers produce 1,000,000
kg of chicken per man-year of effort. In
addition to the growth advantages
afforded by RAS technology, the low
environmental impact of these systems
means that they can be built closer to
the consumer and replicated rapidly.

Indoor aquaculture is probably the only
potential method that could be used to
ensure a 100% safe source of seafood,
free from all chemicals and heavy met-
als. With increasing consumer concerns
about food safety, aquaculture produc-
ers using RAS have an unprecedented
opportunity to meet the demands for
safe seafood. Attributes of fresher, safer,
and locally raised product are clear
advantages for RAS produced seafood.
Because RAS can be set up to produce
the same volume of fish every week,
week in and week out, these systems
have a competitive marketing advantage
over outdoor tank and pond systems,
which are seasonal and subject to envi-
ronmental disaster beyond the control
of the operator.

Aquaculture Production

RAS technology is now being success-
fully used to raise tilapia in northern US
climates at costs of less than $2.20 per
kg (whole fish basis) and outdoor inten-
sive production in Central America has
reduced costs to the $1.00-$1.30/kg
range (see Table 3). The proportional
costs that make up production are sum-
marized in Table 4 for a current com-
mercial tilapia operation in the
Northeast US producing over 230,000
kg per year (feed at $0.55/kg, electric
rates are $0.03/kwh, gas heating at
$0.0085/MJ, and oxygen at $0.09/kg
delivered). The perception that heating
and pumping costs make RAS produced
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fish high cost is false as shown in Table
4 where these costs are only 15% (9%
heating and 6% electrical/pumping) of
the total direct costs of production.

Table 3. Costs of tilapia production in select-
ed countries (2002 personal communication,
Dr. Ragnar Johannsen, Rannsóknastofnun
Fiski?na?arins, Reykjavík, Iceland)

Table 4. Component costs to produce tilapia
(water & sewer supplied by a public utility)

There are no commercial recirculating
aquaculture operations in the US that
have sufficient scales of production or
processing to compete with large scale
aquaculture or off-shore commercial
fishing operations in the food service
markets or wholesale. To be competitive
with the major non-US tilapia produc-
ers, a farm would need to produce a
minimum of 3 to 4 million kg/yr (3,000
to 4,000 ton) of annual production to
justify an automated processing plant
and have direct production costs of
$1.10/kg or less preferably. This is a
challenge and realistically only those
extremely well-managed farms that
have energy site advantages (free heat
and low cost electricity < $0.04/kWh)
could expect to do this.

Competing Meat Products

Aquaculture products however they are
produced and at whatever scale must
ultimately compete against other choic-
es of meat proteins. Table 5 shows the
quantities of meat consumed since 1980
in the US (USDA Economic and
Research Service, 2006).

Table 5. Per capita
US consumption
(kg) of various
meat products1

1960 to 2005
(Delmarva Poultry
Industry, 2006 &
Economic
Research
Service/USDA)

The broiler industry has shown a steady
increase in per capita consumption over
the last 45 years. Overall meat con-
sumption has risen from 75 to 102 kg
per capita and at the same time the US
population has increased from 181 to
296 million people. Growth in the early
years of the industry exceeded 20% per
year and has continued to the present
day where an annual growth rate of
approximately 5% is being sustained
(see Figure 1). Conversely, beef con-
sumption peaked at 42.9 kg per capita
in 1976 and has dropped to the current
level of 30.9 kg per capita in 2005 (an
increase from 2001 from 30.1 kg).
Based upon current population levels,
this is a loss of 12 kg per capita or 3.6
billion kg of product for the entire US
population. If seafood is to exert a simi-
lar influence in diverting meat con-
sumption, then the only way to do this is
via market price. The aging population
and the accepted health benefits of eat-
ing seafood should drive the consump-
tion curves, given price competitive-
ness. To make dramatic changes as was
exerted by the poultry industry, the mar-
ket price of seafood must be less than
competing quality meats. The market
share for expensive protein, the current
condition for seafood, is essentially
maximized at around 7.0 kg per capita
in the US.

Figure 1. Growth of broiler US broiler pro-
duction from 1930 to 2000 in million kg
ready to cook (RTC) weight (left ordinate
axis) and compounded growth rate for pre-
ceding last 10 years (right ordinate axis).

Hix and Holder (2001) reviewed salmon
production costs for net pen operations
that produce on the average 1.36 million
kg per cycle of 18 months. Salmon farm-
ing continues to increase in scale to fur-
ther reduce costs of production.
Productivity per person for a net pen
operation is 136,000 to 204,000 kg per
person per year. The present workload
per net pen farm is about 5 individuals
that care for a placement of 500,000
smolt that will be reared to a market size
of 4 kg with a culling and mortality
down to 400,000 animals. This translates
into 213 ton per person per year. But in
addition there are net changing crews
and divers, so the support would be
about 1-2 additional full time people.
Thus, it requires a maximum of 7 people,
which reduces the net productivity for a
net pen operation to 152 ton per person.
This is why the scale is being driven to
even larger placements of smolts, so that
the labor cost per unit of meat produced
is further reduced. Some salmon opera-
tions are basically doubling the stocking
numbers per site using almost the same
number of people to manage the site,
making productivity 450,000 kg/year per
full-time equivalent (FTE) worker.

Using the Hix and Holder numbers, a
comparison is made among:

• large-scale tilapia RAS production
• current most efficient salmon pro-

ducers (see Table 6) 
• Broiler production.

Table 6. Comparison of production costs
($/kg) for net pen salmon (current and
most efficient operations), large scale RAS
produced tilapia, and commercial broiler
production (tilapia and broiler figures are
from Timmons et al., 2002)
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Although broiler costs of production are
relatively low compared to the other fish
products, the percent breast meat from a
whole chicken is only 15%. Using 15%
breast meat yield and similar other
prices for packaging etc, Table 7 sum-
marizes the FOB costs for the premium
flesh pieces of an animal carcass. 

Table 7. Premium FOB prices ($/kg) for fish
fillets and broiler breast based upon costs of
production; assumes fillet yield of 31% for
tilapia, 50% for salmon and 15% for broiler
breast meat

The relatively low percentage yield for
broiler breast meat has been a distinct
disadvantage for the broiler industry.
This has been addressed by steadily pro-
gressing to a further processed product
(see Table 8). It should be no surprise to
the seafood industry that marketing
whole fish products has no future if the
broiler industry can be used as any
guide to consumer preference and as a
means to add value to carcass parts that
are not readily marketed.

Table 8. Product form (% basis) for market-
ing broiler products

Being competitive long term in the com-
modity meat market will depend to a
large degree on the cost of feed used to
grow the animals and the associated
efficiency of converting feed energy into
meat flesh. Both feed price ingredients
and feed conversion efficiency will
impact the ultimate competitiveness of a
commodity meat. Table 9 shows current
ingredient prices and cost per Kcal pro-
vided for ration mixes for a hogs, broil-
ers, three types of tilapia diets and a
salmon diet (Timmons, 2005). Feed to

gain ratios or fg (dry weight of feed to
wet weight of animal gain) are roughly
2.5, 2.0 and 1.8, and 1.2 for hogs, poul-
try, salmon and tilapia. Forester (1999)
points out though that when recruitment
is considered, feed used for maintaining
breeding stock and reproduction, the
conversion efficiency for broilers
increases about 25% or a fg of 2.5. This
is a large advantage for fish production
that uses a plant based (low fish meal)
diet as ultimately, the costs of feed will
dominate the cost of production, since
all other cost inputs can be reduced by
increasing scale and obtaining associat-
ed production efficiencies. So feed con-
version efficiency coupled with produc-
tivity per unit area for indoor RAS pro-
duced fish (low-fish meal feed) should
allow to command a strong long-term
advantage in having the lowest possible
production costs. Productivity for broil-
er chickens is around 76 kg per square
meter of building space per year and
indoor warm-water fish systems using
2.4 m deep tanks will produce around
290 kg per square meter of building
floor area (assuming tank space is 40%
of floor coverage).

Table 9. Relative cost of feed for various
commodity animals

If we can be an optimistic projectionist
for discussion sake, the information in
Table 9 is very exciting for the potential
of tilapia production in the US. Current
US tilapia grower diets at 36% would be
easily ~ $560/ton or 3 times the blend-
ed ingredient cost. Broiler diets will run
$180 per ton or only about 1.3 times the
blended ingredient cost. Now, if the US
tilapia industry achieved a large scale
industry, then one could expect similar
economies of scale on the feed costs
supplied to the farm, or something more
like $240/ton. This would cut the cost of
the feed component by over half com-
pared to current costs in this undevel-
oped US industry. At some point, the US
might actually start trying to capture
some of the 300,000 ton (whole fish

equivalent) US tilapia market that is
being supplied by non-US producers.
Even more optimism can be generated if
one could anticipate improvements in
the genetic performance of the current
tilapia strains. As an example of what
can happen when universities and
industry cooperate is the steady
improvements in broiler performance
over the years (see Table 10). Growth
rates, feed conversion efficiency, and
mortality parameters have all improved
by at least factors of 2. Imagine if such
improvements could be realized in the
tilapia industry. An industry is waiting to
be born.

Table 10. US broiler performance from
1925 to 2000 (National Chicken Council)

Part II: Recirculating
Aquaculture System (RAS)
Technologies 

If RAS technology is going to be suc-
cessful, then the aquaculturalist must
expect to compete against the other
commodity meats and large scale fish
farming such as currently being prac-
ticed by the net-pen salmon industry or
the US catfish industry. (See Figure 2 for
historical production levels).

Figure 2. World yearly production of
salmonids, tilapia and catfish (FAO, 2002).

The dismal truth is that there has been
20 years of generally negative results
and viability associated with RAS.
Generalizing, most of the problems
have not been so much related to the
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technology as the mis-management of
systems and attempts at growing species
that were not suited towards RAS. The
authors also disagree with the idea that
RAS can only be used to produce high
value products. Like any business, suc-
cess is built upon a whole series of crit-
ical factors, any one of which that is
missing will lead to a business failure.

General mis-perceptions that are com-
monly associated with RAS technology
include:

• overly complicated, 
• prone to catastrophic failure
• expensive, 
• suited only for high-value species
• only highly educated people can be

trained in their use

These labels may have been warranted a
few years ago, but today, RAS technolo-
gy is none of the above. Of course, you
can make any technology overly com-
plicated, expensive, and prone to failure
– but we are well beyond that (or at least
we should be) in the RAS industry today.
The unit processes associated with a
RAS are depicted in Figure 3 (taken from
Timmons et al., 2002). All unit process-
es shown are generally not used in any
particular RAS application, but all these
processes should be considered during
the design and planning stages, particu-
larly in relation to the level of water
quality control and quality desired.

Figure 3. Unit processes associated with
Recirculating Aquaculture System (RAS)
Technology (from Timmons et al., 2002;
Reference given to the book chapters that
cover these topics.)

Requirements for
Infrastructure & Capitalization

An aquaculture development project
will require significant infrastructure in
terms of water, waste disposal capacity,
enclosed building space, electrical
energy and load demand supply, and
transportation logistics. While each site
considered will require a thorough engi-
neering analysis, approximate minimal
site requirements are given in Table 11.

Table 11. Approximate infrastructure and
utility requirements

Water Source

The major advantage of RAS is that the
water requirements for production are
reduced dramatically (see Table 2).
What new water is introduced into a
RAS must be biologically secure. The
major vector for introducing disease
organisms into a production site is
through the water or through the ani-
mals being brought into the farm. If both
of these vectors are clean, then the
occurrence for losses due to disease are
practically non existent.

Great effort must go into making a farm
biologically secure. The source water ide-
ally should be deep wells providing
drinking water quality water. There is no
substitute for a biologically secure source
of water. Do not build on any site until
water sourcing issues are established. You
should assume that as a minimum site
requirement, you will need one system
volume of water per day, even though
typical usage rates will be 20% of system
volume per day or less. Treating non-
biosecure water sources will require
some combination of mechanical filter-
ing, ozone, ultraviolet, and chemical
processes. (See Timmons et al., 2002:
Chapter 13 Fish Health Management,
Chapter 12 Ozonation & UV-Irradiation,
Chapter 6 Solids Capture).

The quality of the water necessary will
depend upon the species being grown
and the stage of production being
implemented. Water quality for an egg
rearing operation will be more stringent
than an advanced growout system for

tilapia. In terms of water quality, criteria
must be specific to species and stage of
production.

Costs of Production &
Capitalization.

A list of the most important unit process-
es of indoor recirculating aquaculture
and the water quality parameters they
address are presented below:

The equipment used to perform these
individual unit processes all contribute
to overall capitalization costs.
Economically competitive food fish pro-
duction will depend upon collectively
reducing capitalization costs to be at
least nearly as efficient as the salmon
industry, e.g. $0.40/kg per year of system
capacity production (see calculation
later in this section). Inventive new ideas
or management methods must be devel-
oped as to how to combine unit opera-
tions or to reduce costs associated with
present technologies. Probably more
than any other factor that can contribute
towards this goal is to increase the scale
of the production operations. Just as
dairy, hogs and poultry have increased
production per farm and therein
improved labor efficiency and other cost
of goods components, the aquaculture
RAS based industry must also do so. 

A photo rep-
resentative
of a current
intensive
RAS is
shown in
Figure 4 
and a unit
process fig-
ure for this
system is
given in
Figure 5.

Figure 4. A
RAS using a CycloBio Filter, Low Head
Oxygenation (LHO) Unit and Stripping
Columns. Water flow exiting the top of the
fluidized-sand biofilter flows by gravity
through a cascade stripping column, an LHO
unit, and a UV irradiation unit before being
piped by gravity to the culture tank. Photo
courtesy of the Conservation Fund
Freshwater Institute (Shepherdstown, WV).
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Unit Process Water Quality Parameter Addressed

Biofiltration Ammonia and Nitrite Nitrogen Removal

Solids Separation Excess feed and fish waste removal
Carbon Dioxide Stripping Carbon dioxide concentration in water
Oxygenation Dissolved oxygen concentration
pH Balance pH, CO2 concentration, Alkalinity



A simplified unit process diagram is
shown in Figure 6 (from Fingerlakes
Aquaculture, Groton, NY) that is used
for rearing of tilapia (photo of system is
shown in Figure 7). Note the differences
in complexity based upon the use of the
CFFI system being used to rear artic char
(a sensitive water quality species) versus
the Fingerlakes system that is used to
raise tilapia (a less sensitive animal to
water quality conditions).

Figure 6. Unit process flow diagram indicat-
ing CycloBio location within a Fingerlakes
Aquaculture Production ‘Pod’ used to rear
tilapia in a RAS (courtesy of Fingerlakes
Aquaculture, Groton, NY).

Figure 7. Overview of a CycloBio System at
Fingerlakes Aquaculture (10 meter diameter
fish tank is show in front of CycloBio; note
mixing fans that are blowing air through
water fall from top of distribution channel
leaving CycloBio and delivering water to
LHO units). Courtesy of Fingerlakes
Aquaculture (Groton, NY).

A cost analysis for a generic tilapia RAS
based farm can be seen in Table 12 (soft-
ware available in Timmons et al., 2002)
and Table 13. Data in Table 12 is consid-
ered representative for a current state-of-
the-art tilapia farm producing in excess
of 1,000 ton/year (2 million lb per year).
Using the input data shown in Table 12,
the predicted costs of production for
such a farm is shown in Table 13 (model
developed by Cornell University). These
numbers indicate that a large commer-
cial tilapia farm could compete quite
effectively with offshore production in
the fillet fresh market if processing costs
can be achieved competitively (a major
challenge still). A series of 1,000 ton
(multi-million lb) production farms
would be required to support an auto-
mated processing facility.

Table 12. Inputs for Large Farm Model in
English units (Timmons et al., 2002)

Table 13. Predicted production costs for a
1,000 ton (2-Million lb) per year tilapia
farm (costs in $/kg)

The capitalization costs for the above
example are $1.83 per kg per year of
production capacity. Labor costs are rel-
atively high compared to salmon farm-
ing. In comparison, Atlantic salmon
capitalization costs for 10 to 20 net pens
per site are $50,000 per pen (good for
stocking 50,000 smolts), the capitaliza-
tion cost expressed based upon system
production capacity per year is:

$/(kg per year capacity) =
$500,000/(1,300,000 kg/year) =

$0.40/kg/yr

Note that the tilapia capitalization
($1.83/kg/yr) is over 4 times larger than
the salmon capitalization. Table 14 sum-
marizes the impact of capitalization
costs (investment) upon costs of produc-
tion. The salmon costs are by far the
lowest in the aquaculture industry and
this can be attributed to its large scale
farming approach and a concerted
application of research to provide the
needed equipment and management
techniques for this industry. 
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Figure 5. A Process Flow Drawing of the
4,800 L/min RAS at the Conservation Fund
Freshwater Institute (CFFI).



Table 14. Depreciation Cost ($/kg) Fish
Produced as Affected by Depreciation
Period (straight line)

Cost of Pumping.

A primary disadvantage of RAS technol-
ogy is that water must be moved from
the culture tank to the different unit
processes that restore used water to
acceptable levels of quality for fish
growth. Table 15 summarizes the costs
associated with pumping based upon
the amount of lift required (how high
the water must be elevated above the
culture tank free water surface) and the
flow rate required to support fish
growth. As a rule-of-thumb, one can use
8 Lpm of flow per kg of feed fed per day
(5 gpm per pound of feed fed per day)
(for supplying oxygen and required nitri-
fication). Table 15 illustrates the cost of
pumping using various flow rates and
water lifting heights.

Table 15. Cost of pumping per unit of fish
produced (kg) assuming electricity, $0.10
per kWh, efficiency of pump @ 70% and
feed to gain ratio of 1.00. Note: WHP = Q x
TDH x SG / 0.012 where WHP = kW and
Q in m3/s and TDH in m. Assumes that
each flow rate is supporting 1 kg of feed fed
per day

For example, if the TDH needed to run
the RAS system were 5 m, e.g., for a flu-
idized sand bed, and the feed to gain
ratio for the system is 1.5, then the cost
of pumping assuming 30 Lpm of flow
per kg of feed fed per day would be:

Thus, it can be seen that production
costs for pumping are proportional to:

• pumping pressure (total dynamic
head the pump works against, TDH)

• feed to gain ratio (fg)
• electricity cost

Design and planning should address
lowering all three of these contributing
factors to pump operating costs during
the first stages of RAS farm planning.
Design considerations should include
how to incorporate low head pumps
and water treatment methods that mini-
mize requirements for lifting water.

Biofiltration.

Effective and cost efficient biofiltration is
one of the keys elements to cost effec-
tive indoor aquaculture production.
Biofiltration (short for biological filtra-
tion) is the biological process of nitrifi-
cation in which bacteria convert ammo-
nia nitrogen, the toxic byproduct of food
digestion and synthesis, into nitrate, a
nearly harmless salt. For aquaculture
applications, biofiltration typically
occurs under aerobic conditions (with
oxygen) in a vessel or tank that contains
substrate onto which the nitrifying bac-
teria can attach and grow. Examples of
biofilters that are common to the waste-
water treatment and aquaculture indus-
tries include trickling filters, rotating
biological contactors, sand biofilters,
bead biofilters, and neutral-buoyant
packing material biofilters. In all cases,
ammonia nitrogen present in the water
passing through the biofilters undergoes
biological transformation that ultimately
converts ammonia to nitrate nitrogen. 

The choice of biofilter will impact the
dynamic head that the pump system
must work against. Fluidized sand beds
will work against 5 to 10 meters of
head, while trickle type filters can be
operated at much shallower depths,
e.g., 2 m. Floating bead biofilters are
similar in head requirements to trickle
filters and provide large surface areas for
nitrification comparable to fluidized
sand beds. All biofilters have advantages
and disadvantages, and for small scale
systems, e.g. feeding around 50 kg of
feed per day, the choice of biofilter is
probably irrelevant. Based upon the
authors’ experiences, we summarize
costs for various biofilter choices (see
Table 16) based upon their capitaliza-
tion cost to support a 454 ton per year
tilapia farm (1 M lb/yr).

Table 16. Capital Costs Estimates Associated
With Biofilter Choices for a Tilapia Farm
Producing 454 M ton (1 million lb)
Annually. Cost is listed as $ per kg per year
of production.

The CycloBio™ referred to in Table 16 is
a patented up-flow sand biofilter manu-
factured by Marine Biotech of Beverly,
MA. The Cyclo-Bio technology has been
applied to Chilean salmon smolt pro-
duction (more information available
from the Fundacion Chile, Dr. Gustavo
Parada, Santiago). Microbead filters (see
Timmons et al., 2006) are a combina-
tion of trickling filter design and bead
filter principles and cost similar to and
operate similar to a conventional trick-
ling filter. Currently, moving bed biofil-
ters are also a favored design (more
details can be seen at Water
Management Technologies website; see
w-m-t.com). Moving bed filters use a
vessel filled to about half depth with
plastic media (Kaldness media as an
example) and then fish tank water is
moved through the vessel much as if it
were holding fish. Vigorous agitation
and aeration is required. Primary advan-
tages of the moving bed filter is low
head requirements and minimal moving
parts or complexity. Costs are similar to
conventional trickling filters or micro-
bead filters. 

The most important factors in the design
of a biofilter are (1) the mass of TAN that
it removes per day, i.e., the product of
the flow rate across the biofilter and the
change in concentration of ammonia
across the biofilter; and, (2) the TAN
removal efficiency (frem) of the biofilter.
The mass of TAN removed per day can
often be increased as the hydraulic
loading rate is increased across a biofil-
ter. However, increased hydraulic load-
ing rate can decrease the TAN removal
efficiency as increased hydraulic load-
ing rates shorten the water retention
time within the biofilter and increases
the mass load on the filter. As a rough
estimate, one can assume that biologi-
cal filters will remove from 0.5 to 1.0 kg
TAN/day per m3 of media in the system.
Coolwater systems will be closer to the
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low end of this design range and warm
water systems will be nearer the upper
end of the design values. These design
values are minimally impacted by the
choice of media. However, properly
managing a biofitler and in particular
controlling the solids loading on a
biofilter can have enormous impact on
performance. More details are provided
in Timmons et al., 2002.

Trout, char and salmon require relative-
ly clean water and low levels of un-ion-
ized ammonia, so high percent removal
efficiencies per hydraulic pass are
required when designing systems to
raise these species. For this reason, flu-
idized-sand biofilters containing fine
sands are commonly used in cold-water
recirculating systems because these
biofilters will often achieve 70-90%
TAN removal efficiencies. Fluidized-
sand biofilters using fine sands are also
capable of providing complete nitrifica-
tion (due to their excess supply of sur-
face area), which helps to maintain low
nitrite-nitrogen concentrations within
the recirculating system (generally <
0.1-0.2 mg/L as nitrogen). As can be
seen from this discussion, the choice of
species will affect the choice of equip-
ment and biofiltration technology
employed. The costs of production as
affected by capitalization and water
quality maintenance must be kept in the
forefront if RAS technology is to be
applied on an economically successful
basis. It is a relatively easy design task to
develop a system that will create high
water quality conditions, but designing
a system that can produce fish econom-
ically is an entirely different design task
and is in fact quite challenging.

Gas Stripping & Conditioning
Costs and pH control.

RAS systems can require pro-active
design components to remove dissolved
carbon dioxide and to supply sufficient
oxygen to maintain fish productivity. A
typical gas transfer device that combines
both functions is shown in Figure 9.

Controlling CO2 stripping rates can be
used to control water pH and pH control
can be used to mitigate problems associ-
ated with high ammonia. These unit
process devices are continually being
improved for practical implementation. 

Figure 9. Stacked CO2 stripper/LHO unit
supported over a cone bottom sump tank
to simplify dediment removal. (drawing by
PRAqua Technologies Ltd., Nanaimo, British
Columbia, Canada).

Solids Removal.

The effective control of solids in RAS is
probably the most critical parameter for
long term economic success. Poor solids
removal destroys water quality and
hence fish performance and compro-
mises biofilter performance. Currently
the most generally used method for
solids removal is mechanical screens
using 60 to 120 micron mesh sizes.
Unfortunately, mechanical screening for
solids removal is typically now the most
expensive single component of an entire
RAS system. Settling basins with fre-
quent cleaning (e.g. twice per day) may
be appropriate where labor costs are rel-
atively low in less developed countries.
Design details for solids removal are
provided by Timmons et al. (2002,
Chapter 6, pg 164-204).

Other Costs.

Feeding systems, alarm and control sys-
tems and all other capital cost compo-
nents are often the same equipment
being used on outdoor or flow-through
non-RAS systems. Consideration should
be given that a different environment
can exist within RAS farms that are gen-
erally indoors, e.g. high humidity.
Building construction, insulation mate-
rials, heating and ventilation systems

–must all be considered to create an
effective farm design. (Timmons, et al.,
2002, Chapter 14 Building
Environmental Control, pps. 467-482).
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Fancy goldfish (top) and 
cutthroat trout (bottom) are among the

many diverse species that are cultured in
water reuse systems.



BIO FLOC Technology

Wednesday, February 28, 2007
Time Presenter Presentation Title
8:30 Peter Van Wyk Management of nitrogen cycling and microbial popula-

tions in biofloc-based aquaculture systems
9:00 Yoram Avnimelech Bio-flocs technology: microbial re-use systems
9:30 Willy Verstraete Added value of microbial life in flocs
11:00 Oliver Schneider Fish waste management by conversion into heterotroph-

ic bacteria biomass
11:30 James Ebeling Impact of carbon/nitrogen balance and modeling of the

nitrogen removal processes in microbial based aquacul-
ture systems

13:30 David Kuhn Biological treatment of fish wastewater to generate
microbial flocs for shrimp culture

13:45 Eric de Muylder Utilization of bacterial floc single cell proteins in feeds
for african catfish and tilapia

14:00 John Hargreaves The effect of solids concentration on performance of a
biofloc system for tilapia

14:15 David Brune Nitrogen transformation rates in a zero-discharge sus-
pended-culture shrimp production system

14:30 John Leffler Biofloc dynamics in super-intensive shrimp raceways:
the good, the bad, the ugly

15:15 John Austin Intensive grow-out of pacific white shrimp litopenaeus
vannamei in greenhouse enclosed raceways with limit-
ed water discharge

15:30 Ekram Azim Growth and welfare of nile tilapia oreochromis niloticus
cultured in indoor tanks using activated suspension
technique (ast)

15:45 Yoram Avnimelech Probiotic effects of bio-floc technology: depression of
streptococci infection of tilapia
AES Board meeting at end of session, same room

Recirculation and Flow-through Systems
Tuesday, February 27, 2007
Time Presenter Presentation Title
11:15 Amy Cheatham Impacts of dietary variations on water quality in recircu-

lating aquaculture systems housing yellow perch Perca
flavescens

11:30 Gary Miller A novel modular rotating biological contactor perform-
ance analysis as compared to a trickling filter of similar
media surface area

11:45 Natella Mirzoyan Suitability Of Brackish Aquaculture Sludge For
Digestion In Upflow Anaerobic Sludge Blanket (Uasb)
Reactor

12:00 Heather Hamlin Denitrification carbon sources for use in commercial
aquaculture

12:15 Milton Saidu Controlled temperature effects on biofiltration of recir-
cultion systems for oyster studies

13:30 Derek Dyer Effectiveness of aquatic phytoremediation of nutrients
via watercress nasturtium officinale from effluent of a
flow-through aquaculture operation

13:45 John Davidson Fluidized sand biofilters remove ammonia and bio-
chemical oxygen demand from an intensive aquaculture
effluent

14:00 Karen Buzby Evaluation of the nutrient removal capabilities of water-
cress, lettuce and basil from a flow-through aquaculture
system

14:15 James Ebeling Passive self-regulating denitrification technology for
aquaculture

14:30 James Ebeling Concurrent clarification and biological nitrification /
Denitrification in a single floating bead bioclarifier to
simplify nitrogen management in recirculating aquacul-
ture systems

14:45 Lars-Flemming Pedersen Application of biofilters to reduce formaldehyde dis-
charge from fish farms

Computer Tools for Design, Production
Planning, and Operation of High-Intensity
Flow-Through Production Systems
Thursday, March 1, 2007
Time Presenter Presentation Title
8:30 Gary Fornshel Serial reuse systems used for coldwater and warmwater

fish in Idaho
8:45 Jeffrey hinshaw High intensity, flow-through serial reuse systems in

North Carolina
9:00 Edwin cryer Recent experience with high-intensity flow-through sys-

tems in Utah
9:30 Al Gettings The development and implementation of a high intensi-

ty partial recirculation system at the Dubois Fish
Hatchery, Wyoming

11:00 John Colt Modeling carbon dioxide, ph, and un-ionized ammonia
relationships in serial reuse systems

11:30 Richard Turton Raceway design and simulation system (rdss): an event-
based program to simulate the day-to-day operations of
multiple-tank raceways

12:00 Kenneth Semmens Application of raceway design simulation system to cre-
ate a production plan for a small flowing water system
serving the recreational market in West Virginia

13:30 John Colt Modeling of multiple stocks and programs for master
planning and feasibility studies: how much information
is enough?

14:00 Thomas Johnson Case examples in public fish hatchery production mod-
eling

14:30 Douglas Ernst Development and application of aquafarm software for
aquaculture planning and design

15:00 Tony Singh Development and application of raceway master 1.0 for
flow-through raceway systems – planning, design, and
management

15:30 Brian Vinci Serial water reuse utilizing circular dual-drain tanks:
model and design application

16:00 Steven Summerfelt Modeling and computer aided design of partial water
reuse systems
AES general member meeting at end of session, same room

Friday, March 2, 2007
8:30 Barnaby Watten Effects of sequential rearing on the potential production

of controlled environment fish-culture systems
9:00 Nathan Saint Clair Aquanate.com: utilizing the latest online database tech-

nologies to collect, manage, and share fishery data
9:30 John Colt What type of computer tools do commercial fish farm-

ers use and what type of computer tools would they like
to see developed?

10:30 Steve Sharon What do agency hatcheries use and what do they need?
11:00 Panel Discussion
11:30 Panel Discussion

Finfish Production Systems
Thursday, March 1, 2007
Time Presenter Presentation Title
8:30 Chris Thibodeaux Intensive techniques for mass production of koi carp

cyprinus carpio for forage at texas fish hatcheries
8:45 Peter Blyth A method to monitor feed intake of Barramundi lates

Calcarifer using feeding sounds
9:00 Gregory Whitis The butterfield experience: thirty years of successful,

large scale, commercial polyculture in west alabama
(usa)

9:15 Benjamin Brown Evaluating the suitability of three marine species for
aquaculture using low salinity ground water

9:30 Andy Radomski Commercial catfish pond water color and fish-eating
birds: what is the connection?

9:45 Aislinn Tierney Mine water aquaculture productivity: species selection
and economic enhancement through year-round opera-
tions

11:00 Limor Barak Deployment hydro-optic water disinfection systems to
enhance production and improve yield quality in fish
hatcheries

11:15 Dennis McIntosh Comparing two-phase to three-phase production of the
saltwater baitfish Fundulus heteroclitus

11:30 Ingrid Lupatsch A model for predicting growth, feed intake, and waste
production as a design tool for recirculating aquaculture
systems. A case study for European Seabass
Dicentrarchus labrax

11:45 Jennifer Hendricks Geotube® application for waste management in a small
flow-through aquaculture system

12:00 Mark Sharrer Geotextile tubes for aquaculture biosolids dewatering
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AES Sessions at
Aquaculture 2007

AES Annual General Membership Meeting
Thursday, March 1, 16:30 - 18:30

Room 202, San Antonio Convention Center



Aquaculture 2007
The World Aquaculture Society will be hosting
Aquaculture 2007, which will be the next international
triennial meeting of the World Aquaculture Society, the
Fish Culture Section of the American Fisheries Society,
and the National Shellfish Association.  The Aquaculture
2007 Conference and Tradeshow will be held February
26 to March 2, 2007, in the San Antonio Convention
Center in San Antonio, Texas, USA.  For more information
on the overall program and tradeshow at Aquaculture
2007, please contact John Cooksey, WAS Director of
Conferences (phone: +760-432-4270; e-mail: worl-
daqua@aol.com), or visit the World Aquaculture Society’s
website at: http://www.was.org.
Yoram Avnimelech (AES Director), Greg Boardman (AES
1st Vice President), and Roger Viadero (AES 2nd Vice
President) have organized a one day AES Special Session
titled “BIO FLOC Technology” (tabulated below).  John
Colt (AES Past President) has organized a 1-? day AES
Special Session titled “Computer Tools for Design,
Production Planning, and Operation of High-Intensity
Flow-Through Production Systems” (tabulated below).
Aquaculture 2007 also has many other interesting ses-
sions, including two contributed paper sessions on flow-
through, water reuse, and other production system tech-
nologies (tabulated below).

AFS Bioengineering Symposium
The American Fisheries Society (AFS) Bioengineering
Section convenes a major symposium every five years to
share success stories, failures, research needs and per-
spectives related to fisheries bioengineering. This sympo-
sium will be held during the AFS 2007 Annual Meeting in
San Francisco California, September 2-6, 2007. The sym-
posium will begin with an invited speaker session where
key bioengineering professionals will share their perspec-
tives on such topics as bioengineering as a discipline;
roles of biologists and engineers; pioneering people and
projects; successes and failures; and the role of bioengi-
neering in migratory fish restoration and resident fish sus-
tainability. Following the invited speaker session, addi-
tional sessions will focus on such topics as:
I. Tools and techniques for bioengineering

a. Telemetry
b. Computational fluid dynamics (CFD) modeling
c. Hydroacoustics
d. Gear design for bycatch reduction

II. Fish Passage
a. History of fish passage in North America
b. Contemporary upstream fish passage designs and

approaches
c. Contemporary downstream fish passage designs

and approaches
d. Fish passage at road crossings
e. Dam removal
f. Fish-friendly turbine design & operation
g. Others (including perhaps dam removal)

III. Fish Protection
a. Cooling water intake structures (physical and behav-

ioral barriers; fish collection & return systems)
b. Irrigation & diversion screening
c. Barriers to non-native expansion

IV. Ecosystem Restoration (marine, rivers, streams, lakes
and reservoirs)
a. Problems, definitions, goal setting
b. Methodologies and potential solutions
c. Performance monitoring
d. Case studies
e. Recommendations

The AFS Bioengineering symposium is anticipated to
occupy two days of presentations with concurrent ses-
sions as needed. Dedicated and special sessions will be
developed based on interest.  For additional information,
call or email Symposium Co-Chairs Douglas Dixon,
Electric Power Research Institute at ddixon@epri.com or
804-642-1025 (Virginia Office) or Tim Brush,
Normandeau Inc. at tbrush@normandeau.com or 603-
355-2333 (New Hampshire Office) .

3rd International Sustainable
Marine Fish Culture Conference
The 3rd International Sustainable Marine Fish Culture
Conference and Workshop will be held October 17-19,
2007 at the Harbor Branch Oceanographic Institution in
Fort Pierce, FL. The goal is to bring together researchers,
industry, and other stakeholders to exchange and share
information that can be developed into opportunities of
commercial reality, a defined infrastructure support sys-
tem, and research needs. The conference includes session
and social activites with guaranteed fresh seafood meals.
For more information please contact : Amber Shawl,
HBOI, 5600 U.S. Hwy 1 North; Fort Pierce, FL 34946.
(772) 465-2400, x578. ashawl@hboi.edu. For travel infor-
mation and conference registration forms and schedules
please visit the conference website at www.sustain-
ableaquaculture.org. The conference is sponsered by
Harbor Branch Oceanographic Instituton and USDA
Agricultural Research Service.

Aquaculture Europe 2007
For 2007 the European Aquaculture Society (EAS) and
Eurasia Trade Fairs have combined their aquaculture
events to launch the first new format Aquaculture Europe
event, bringing together a scientific conference and an
exhibition in combination with an industry forum. This all
round event will take place in Istanbul, Turkey, from
October 24-27, 2007. The event is being hosted by the
Turkish Federation of Aquaculture and Fisheries.
The industry forum will include an industry day or farm-
ers day, workshops for industry and the AE2007 student
forum. As always, various social events will be a part of
the Aquaculture Europe meeting.
The conference theme "Competing claims" addresses the
various levels of competition that aquaculture faces at
present, but upon which its future development will
depend. "Claims" exist from other stakeholders with
respect to physical space, investment and other finances,
resources (e.g. for feed raw materials and water
resources), technology and othersThe thematic sessions
will take place each morning. They address the principal
areas of the overall conference theme. International
speakers from the sector will present these thematic ses-
sions, that ‘open the debate’ and pave the way for the par-
allel, technical sessions of contributed presentations.

Thematic plenary sessions will address:
• How does aquaculture interact with biodiversity?
• All human activities affect our environment – what

is acceptable in the case of sustainable aquaculture?
• Does aquaculture make efficient & sustainable use

of limited issues.
• How will aquaculture find the space to develop?.
• How to address consumer expectations and 

concerns?
Parallell sessions will be focussing on:
PS1-Aquaculture and Biodiversity; PS2-Environmental
Interactions; PS3-Integrated Multi-trophic Aquaculture;
PS4-Feed Resources; PS5-Other Resources Constraining
Aquaculture; PS6:Production Technologies; PS7-
Aquaculture Policy, Institutions, Legislation and Conflict
Resolution; PS8-Husbandry and Stock Management
Practices; PS9-Farmed Food Quality and Safety; PS10-
Health Management and Welfare; PS11-Human
Resources: Education and Training; PS12-Hatchery
Production and Management
Aquaculture Europe 2007 encourages the submission of
high quality oral and poster presentations.  Abstracts for
the Aquaculture Europe 2007 conference can now be
submitted on-line
http://www.easonline.org/agenda/en/AquaEuro2007/Aqua2007.asp
as of the guidelines that you can find on the same web
pages.
For the full brochure on this upcoming event, registration
and submission details, please visit http://www.eason-
line.org/agenda/en/AquaEuro2007/Aqua2007.asp

AQUA NOR Forum 2007
In cooperation with the Nor Fishing Foundation and SIN-
TEF, European Aquaculture Society (EAS) is organising the
AQUA NOR Forum 2007 - taking place in Trondheim,
Norway on August 15th and 16th, within AQUA NOR
2007. The AQUA NOR Forum 2007 is the first of a new
type of events, organised by the EAS every second AQUA
NOR, that provides a forum for science, industry, con-
sumers and policy makers to review developments in the
aquaculture sector and to discuss the key issues that
affect those developments.
Under the theme, ‘WELFARE-DRIVEN TECHNOLOGY -
How our shared understanding of aquatic animals’ needs
will shape their future homes", the AQUA NOR Forum
2007 will address the issue of welfare as a driver for tech-
nological development in aquaculture. The forum will be
divided into three sessions, which look at different “hous-
ing situations” (structures used for the production of
aquatic animals) and the interaction between different
stakeholders in designing production systems. The three
sessions are brought together in a press conference that
summarizes discussions and recommends future action.
Pre-registered participants to the AQUA NOR Forum
2007 will have free access to AQUA NOR 2007 trade
show http://www.nor-fishing.no
More information on this event is available at www.eason-
line.org/home/en/default.asp Clicking on the FORUM logo in
the centre of the top right of the page will allow you to
download the full brochure and access the special online
registration and hotel accommodation module.
A local agency in Trondheim, Tvete Arrangement, is
responsible for on-line handling of registrations at the
same time as hotel accommodation. As hotel space in
Trondheim is highly solicited during the AQUA NOR
days.  Book your accommodation before May 31 and
preferably earlier!
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UPCOMING MEETINGS

Aquaculture without Frontiers -AwF
AwF is an independent non-profit organisation that
promotes and supports responsible and sustainable
aquaculture and the alleviation of poverty by
improving livelihoods in developing countries.
Formed in 2004, AwF is registered as a charity in the
UK and as a non-profit organization in the USA.
http://www.aquaculturewithoutfrontiers.org/
AwF has been established for the specific purpose of
promoting and supporting responsible and sustain-
able aquaculture to assist in poverty alleviation
through improving rural livelihoods in developing
and transition countries. In its work, AwF draws on
the experience of respected professionals from
every relevant discipline. AwF already has a data-
base of more than 80 volunteers.
AwF is unique in devoting all of its resources and
attention to aquaculture; however, it does not seek
to promote aquaculture in isolation, but as a com-
ponent of integrated rural and coastal development
plans, and of strategies to alleviate poverty.
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Aquacultural Engineering Society. You can
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Aquacultural Engineering Society. If you
would like to discuss the contents of the
AES News, or if you would like to con-
tribute information to the AES News,
please contact the editor.

Steven Summerfelt, Ph.D., P.E.
The Conservation Fund Freshwater Institute
1098 Turner Road
Shepherdston, WV 25443 USA
Ph. 304-870-2211
Fax: 304-870-2208
email: s.summerfelt@freshwaterinstitute.org

Marine Biotech, Inc.
54 West Dane Street, Unit A
Beverly, MA  01915
ph: (978) 927-8720
fax: (978) 921-0231
info@marinebiotech.com
www.marinebiotech.com

Aquaculture Systems Technologies, LLC
P.O. Box 15827
New Orleans, LA 70175
ph: (800) 939-3659
fax: (504) 837-5585
info@BeadFilters.com
www.BeadFilters.com

Water Management Technologies, Inc.
P.O. Box 66125
Baton Rouge, LA 70896
ph: (225) 755-0026
fax: (225) 755-0995
info@w-m-t.com
www.w-m-t.com

RMF-Applied Aquatics
474 Wando Park Blvd, Suite 100
Mt Pleasant, SC 29464
ph: (843) 971-9639
tel: (843) 971-9641
phundley@rmf.com
www.rmf.com

Aquatic Eco-Systems, Inc.
2395 Apopka Blvd.
Apopka, FL 32703
ph: (407) 886-3939
fax: (407) 886-6787
aes@aquaticeco.com
www.aquaticeco.com

PR Aqua Ltd.
1635 Harold Road
Nanaimo, BC  V9X 1T4
Ph: 250.714.0141 or toll free 866.714.0141
Fx: 250.714.0171 
info@praqua.com
www.praqua.com

The AES is looking for sponsors within the aquaculture industry to support the cost of producing
the AES News. The sponsors listed above have donated generously to support the AES in 2005.

AES Sponsors


