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Letter From Your President
Dear AES Members,

I look forward to leading the AES into
the new century and hope to use this year
to initiate the establishment of some badly
needed classifications and technical
guidelines.  However, it appears that as a
society we will be largely in a response
mode this year.  The U. S. Environmental
Protection Agency (USEPA) announced its
intent in January  to establish effluent
guidelines for aquaculture.  Dr. Gary
Jensen, the United States Department of
Agriculture (USDA) Aquaculture
Coordinator, has called upon the society
and its membership to provide input into
this process through the Joint
Subcommittee on Aquaculture (JSA)
Aquaculture Effluents Task Force.  A great
number of us have been tapped to serve on
subcommittees organized around
production methods.  The society has been
asked to serve on a national-level oversight
committee that will review/integrate the
subcommittee reports.  The knowledge-
base of our membership is badly needed to
assure that the debates that will
undoubtedly arise in the upcoming two
years are conducted in a factual arena.  This
effort will also indirectly involve our
international membership, who can
anticipate an unusually high number of
requests for information in upcoming
months.  The AES position in this matter
will be limited to one of neutral technical
support.   Individual members are
encouraged to express their opinions in the
open forum that will be established by the
USEPA and USDA.  I will be serving as
the AES representative on the JSA
Aquaculture Effluents Task Force and
would be happy to keep interested
membership updated (Rmalone@lsu.edu).

I would also like to continue to broaden
AES participation amongst the

international community.  The participation
in our AES technical meeting in North
Carolina last fall included a number of
international members.  They had
significant impact on the flavor of the
debate and certainly changed my thinking.
Raul Piedrahita put in considerable effort
organizing a strong AES program at the
recent World Aquaculture Society (WAS)
meeting in Nice, France.  As AES president,
I presented the engineering perspective on
the future for a “sustainable” aquaculture
industry.  If anyone has any ideas on how
to increase our international participation,
please let your nearest board member know.
In the meanwhile, recruit.

Finally, I would like to recognize the
contributions of two of our outgoing
officers.  Tom Losordo not only provided
excellent leadership for the AES last year,
but, also managed to get himself elected as
President of the WAS for the upcoming
year (remember your roots, Tom).   Last
year was distinguished by a number of
successful conferences and Tom’s
contributions are recognized.  Steve
Summerfelt has served the society for the
last four years as Secretary/Treasurer. This
is a very demanding job requiring
organizational skills and persistence that is
beyond most of us.  Excellent job Steve.
Although Steve always gives credit to his
staff, we appreciate his efforts.  Brian Vinci
has eagerly attacked the void left by Steve.

I look forward to seeing you all in the
near future at an AES event!

With Best Regards,

Ron
Ronald F. Malone, President
Aquacultural Engineering Society

Dr. Ronald F. Malone is a registered
professional engineer in his home state
of Louisiana, located in the southern
United States.  He is a Distinguished
Professor in the Department of Civil and
Environmental Engineering at Louisiana
State University.  He has authored over
50 papers on recirculating aquaculture
technologies and propagated several
commercial design guidelines for marine
and freshwater species.  He is currently
working with an interdisciplinary
research team to develop closed
recirculating marine fingerling systems
to support expansion of mariculture in
states adjacent to the Gulf of Mexico.
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INTRODUCTION
Cornell University’s efforts in

Recirculating Aquaculture System (RAS)
technology began 15 years ago.  Our focus
was to create, develop, and refine RAS
technologies that could produce food fish
on an economically competitive basis.  New
York’s leading economic business sector is
agriculture which lent support to the general
premise of creating a new agriculture
industry that could provide significant
opportunities for the agri-business sector.
At that time and still today, there was also
a general awareness that the agricultural
population was shrinking as farms became
larger and larger.  For example, today in
New York there are 8,700 dairy farms
compared to 13,000 dairy farms 10 years
ago (1988).  These displaced farms and
farmers were also a focus of our efforts to
provide new opportunities.

MANAGEMENT
There seemed to be an assumption that

given alternate forms of animal husbandry,
a currently unsuccessful dairy or hog farmer
could become a successful fish farmer.  Let
me call that General Falsehood #1.  Fish
farming and in particular RAS aquaculture
is generally more critically dependent upon
expert management than other forms of
farming.  Thus, it is unlikely that a farmer
with “average” management skills will be
successful in fish farming.  The importance
of management in a successful RAS farm
can not be emphasized enough.
Unfortunately, it is almost always the
primary reason for failure and generally at
the beginning of a RAS project the
parameter assumed to be most under
control.  It seems that all new projects
involving RAS assume that they have an
excellent management team in place.

CORNELL UNIVERSITY’S EXPERIENCES WITH
RECIRCULATING AQUACULTURE SYSTEM (RAS)

TECHNOLOGY1

By Dr. Michael B. Timmons,Professor, Department of Agricultural and Biological Engineering, Cornell University, Ithaca, NY 14850 USA.
Copyright by Aquaculture Magazine

TECHNOLOGY TRANSFER
Cornell goals have always been to

develop and successfully demonstrate RAS
technology in the University setting and
then to actively participate in the transfer
of the current technology to the private
sector,  i .e.  the basic US Land Grant
Mission.  Cornell has led two unsuccessful
technology transfer efforts and is currently
involved indirectly in a 3rd effort via the
author’s own private involvement in a large
tilapia venture (0.6 million kgs per year
production level).

Failure is valuable in that it accentuates
problems that must be addressed or at least
recognized.  The first failure involved a
very successful integrated turkey farm.
This farm had 130 employees, a processing
plant that included further processing,
extensive distribution network for fresh and
frozen products, and a restaurant.  The other
failure approached the technology transfer
effort by assisting in the formation of a farm
coopera t ive  wi th  7  members .   The
cooperative members were a collection of
successful business people or educators- all
with college degrees and some with
advanced degrees.  These were smart
talented people.  Failure of the first two
effor t s  had  the  fo l lowing  common
elements:

1. Individuals involved had no previous
experience with indoor fish culture

2. Technology that was labor intensive
3. Engineering Technology was poor
4. Sensitive species (brook and rainbow

trout)
5. Enterprise was essentially an

expensive hobby venture

EARLY TECHNOLOGY
EFFORTS

The original Cornell designs were
based upon the use of submerged rock
filters, large settling chambers, and spray
bars.  We raised concurrently Atlantic
salmon and brook trout.  We were
successful in producing fish and obtained
growth rates of 1 inch per month and feed
to gain ratios usually less than 1.00 (feeds
were commercial trout diets, 38% protein,
6% fat).  It is no surprise that the submerged
rock filter was a primary bottleneck in the
operation.  We experimented with a variety
of rock sizes (1 cm to 10 cm) and flow
directions through the bed including the
capacity to run the rock beds as up-flow
and then down-flow units.  Solids fouling
of the rock beds was always a problem.
However, we successfully ran the trout
RAS system with a rock bed filter.  We
designed a system for the turkey farm and
assisted them with implementation: 4- 40
m3 culture tanks designed for 85 kg/m3

harvest density.  The turkey farm ran their
operation for 2 years before abandoning the
effort.  Solids accumulation was probably
the primary reason for failure, even though
there was a reasonably adequate solids
settling chamber in the system.

The turkey farm failure led us to focus
on new biofilter designs and more energy
efficient methods to move water between
system components.  We spent several
years refining the application of rotating
biological contactors (RBC’s) and the use
of airlift pumps to move the water between
components.  The efforts with the Northern
Fresh Fish Cooperative including layouts
of their system components are described
by Timmons et al. (1993).  Again, this
particular system had been successfully
operated by Cornell for 3 years before the

1  Most of the Cornell publications referred to in this paper can be accessed through the following website:

HTTP://pomona.aben.cornell.edu/shortcourse.  The content of this paper was given as an oral presentation at Aquaculture Canada ’99 the 16th Annual Meeting of the Aquaculture

Association of Canada, Victoria Conference Centre, Victoria, BC, October 26-29, 1999
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technology transfer effort.  This system was
quite amazing in that the airlift pumps
moved water from the culture tank to the
solids settling chamber to the biofiltration
chamber and back to the culture tank on a
total water level differential of 1.5 cm.  The
system also employed several foam
fractionators (Weeks et al., 1992; Chen et
al., 1992; Chen et al., 1994 a,b;  Timmons
et al., 1995) in the culture tank to remove
fine solids, provide oxygen and CO

2

removal and increase the circular motion
in the culture tank to assist in solids
removal.

Airlift Pumps
In principle and theory, airlift pumps

will move by far the most water per unit of
energy supplied.  We have published
several papers on their use and have
demonstrated their utility with very
effective software (Reinemann and
Timmons, 1986 available from NRAES as
NCS-3 Airpump, $30.00 Cornell
University, Ithaca, NY or see their web site
at HTTP://NRAES.org).  Airlift pumps
have the following disadvantages:
1. Limited application to create water lift

or elevation change, e.g. 10 to 15 cm
2. Reductions in flow rates due to fouling

of the air distribution mechanism,
particularly for conventional sintered
glass airstones

3. Complete loss of water pumping when
water elevation changes cause
excessive requirements for water lift,
e.g. water level dropped in tank where
the unit is placed

4. Reductions in water flow are not
“obvious” to casual observer

5. Energy efficiency is highly related to
very closely matched requirements
between centrifugal blower and the
airlift requirements.

In principle, all of the 5 disadvantages
listed above can be eliminated with
effective management, maintenance, and
initial design of the overall system.
Practically speaking, I think airlifts are
problematic.  In particular, I became
discouraged with their application because
of the low water head differentials to which
airlifts are constrained.  I would suggest that
airlifts are most appropriate in low-density
fish applications.

Settling Chamber
After the turkey farm failure, which

was greatly compromised by ineffective
solids removal, the NFFC utilized a settling
chamber that was designed around the use
of tube settlers.  A severe flaw in the design
was that the tube settlers placed in the
settling chamber (see Figure 1) used tube
diameters of 1.5 cm.  The settling material
was obtained in blocks that were cut to
width (1.3 m) and were 30 cm square in
cross section.  The tubes were oriented at
45 degree angles to horizontal.  The major
problem with these tube settlers was that
they worked “too well”.  The tubes would
fill up with solids and fecal material and
then the flow through the settling chamber
would find a way to by-pass the tube settlers
thus eliminating any effective solids
removal.  Once a culture system does not
remove solids efficiently and quickly, the
system is doomed to failure.

The settling chamber required frequent
cleaning by the operators and the settling
deck materials also needed cleaning 2 or 3
times per week.  Cleaning the settling deck
was a dirty and nasty job and as a result
was often neglected.  Neglect led to poor
performance of the settling device and
subsequent deterioration in fish
performance and discouragement of the fish
grower.  This experience accentuated the

need and critical nature of effective settling
and solids removal that was user “friendly”.

The NFFC also employed RBC
biofiltration units.  The disadvantages of
these units are primarily cost per unit of
ammonia assimilation capacity and there
mechanical nature.  Even though one of the
largest RAS farms in the US employs this
technology (Blue Ridge Farm, Martinsville,
VA, produces around 1 million kgs per year
of tilapia), I do not feel this technology is
cost competitive with current alternate
forms of biofiltration, e.g. fluidized sand
filters and micro-bead filters.

CURRENT TECHNOLOGY

Cornell followed these two efforts by
switching species of choice to tilapia and
engineered a complete revamping of the
technology employed.  The issue of scale
was clearly identified as a major issue in
profitability and the need to move towards
systems which were dramatically more
labor efficient (discussed later in more
detail).

BIOFILTRATION
Cornell has now focused primarily on

floating micro bead filters and upflow
fluidized sand beds.  The fluidized sand
beds have been patterned after the designs
developed and refined by the Freshwater
Institute.  Timmons and Summerfelt (1998)
provide a thorough discussion of these units
and their application to both cool and warm
water culture environments.  Summerfelt
and Wade(1997) showed that the relative
cost of a trickling filter was 5 fold more
than an upflow fluidized sand bed design
($5,500 versus $28,000; designed to treat
59 kg of feed per day), with the major cost
disadvantage of the trickling filter being the
large volume of filter media needed
(discussed later in this paper).

Microbead filters were described by
Greiner and Timmons (1998); some
features of the microbead filter technology
have been described in a recent patent by
Jewell (1998).  The most prominent
successful commercial application of
microbead filters has been by Northern
Tilapia Inc (Lindsay, Ontario, Mr. Gary
Chapman, President).

Biofilter performance can be predicted
based upon whether the unit is a granular
type filter (all the bead type filters and sand
bed units) or surface area filter (trickling
filters and rotating biological contactors).

Figure 1.  Settling chamber with settle deck
placed to enhance solids removal efficiency

inflow

outflow
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The ammonia assimilation rates for these type filters are shown in Table 1.

     Table 1. Ammonia assimilation rates for different classes of biofilters.

                                                                                   Biofilter Ammonia Oxidation Rates

Filter Type Rating Basis 15 to 20º C 25 to 30ºC

Granular Volume of 0.6 to 0.7 kg TAN/m3/day 1.0 to 1.5 kg TAN/m3/day
Unexplained Media

Trickling & RBC Surface area of media 0.2 to 1.0 g/m2/day 1.0 to 2.0 g/m2/day

Wortman and Wheaton (1991) provides a predictive equation to describe temperature
effects:

                  R = 140+8.5 T((C)

Where R is the relative ammonia removal rate per unit time and T is the water temperature
in ºC.

The above equation can be used to predict relative nitrification rates over the range of
their data (7 to 35°C).  For example, the nitrification rates at 17°C would only be 77% of the
rates obtained at 27°C, or a 23% reduction in rate.  This is less severe than the 50% reduction
that would be predicted based upon Q-10 (Arrhenius relationship) effect for a 10°C drop in
water temperature.

The granular filters provide extremely large surface areas per unit volume (upwards of
10,000 m2 per m3) but nitrification rates are best predicted simply by the volume of the
unexpanded media.  The extreme disadvantage of the surface area type filters (RBC’s and
trickling filters) is their low ammonia assimilation rates per unit volume.  The surface areas
for these media are in the 150 to 300 m2/m3.  The following example illustrates the volumetric
requirements for the two general types of filter (Table 2):

    Table 2.  Volumetric requirements for the two general types of filter for a unit nitrification
                  loading factor.

Filter Type TAN Oxidized per day Assimilation Rate Media Volume Required

Granular 1.0 kg TAN per day 1.0 kg TAN/m3/day 1.0 m3

Trickling & RBC 1.0 kg TAN per day 1.0 g/m2/day 5.0 m3

(200 m2/m3)

The surface area type filters (trickling and RBC) have the following distinct disadvantages:
• High space requirements
• cost of media is significant fraction of overall culture system cost
• subject to biofouling.

The media surfaces of the trickling filters and RBC’s tend to readily biofoul, which if
not corrected, can lead to complete loss of biofilter performance.  Biological filter failure
due to excessive organic loading (poor solids removal) supports excessive heterotrophic
bacteria growth.  These carbon eating heterotrophic bacteria grow 100 fold faster than the
autotrophic nitrifiers (1/2-lives on order of an hour for heterotrophs versus several days for
nitrifiers).  These high growth rates and associated oxygen demand suffocate the nitrifiers
buried deeper in the biofilims by preventing sufficient oxygen to be available to them resulting
in death and sloughing of the biofilm from the reactor surfaces.

The uncontrolled sloughing of the nitrifiers causes nearly complete loss of nitrification
and rapid climbs in ammonia levels unless fish feeding rates are immediately curtailed.
However, it takes approximately a 1/2 to a full day of being off feed before the ammonia
production of the fish is curtailed.  During this critical period, rapid flushing of the fish tank
is about the only alternative to save the fish (or use tilapia which can be extremely tolerant of

ammonia levels in the 20 ppm level for
extended periods of time, certainly long
enough to weather the spike in ammonia
due to loss of biofiltration.

The primary advantages of trickling
filters are:

• Operate on gravity flow (simple)
• Provide gas conditioning (oxygen

addition and CO
2
 stripping)

In small or low biomass systems where
choice of biofilter has no large economic
impact, trickling filters are a good safe filter
to use.

Rotating Biological Contactors
(RBC’s) have not been installed in any new
RAS farms in the last several years to my
knowledge.  Early efforts using RBC’s
often employed under-designed shafts and
mechanical components resulting in
mechanical failure, but properly designed,
RBC’s are very functional and reliable
units.  Their major disadvantage is high
cost.  The units are even more expensive
than trickling filters per unit of ammonia
oxidized.  I do not recommend RBC’s, even
though they have the following advantages:

• provide gas exchange
• utilize almost no pressure head

difference
• can restore some oxygen to the

water column over and above
what is needed for nitrification
requirements

• tend to be more self cleaning than
static trickling filters.

For reference, the NFFC RBC units
cost around $5,000 for a design TAN
assimilation rate 0.3 kg of TAN per day.
The units were 1.3 m in diameter and were
1.3 m wide.  Norpac 5 cm diameter media
was used in lieu of conventional surface
plates commonly used in RBC’s.  These
RBC units used 10 cm shafts that rested in
heavy duty neoprene axle mounts (same
principle as a wagon wheel) and used direct
drive motors with a flexible coupling and
speed control to set rotational rpm and to
allow a “slow speed” startup.  The units
were operated at around 3/4 RPM.  Units
employing these design features obtained
several years of nearly trouble free
performance in systems that also had
effective solids removal.

Upflow Sand Filters.  A typical upflow
sand filter uses a header and extensive
lateral system as described by Timmons and
Summerfelt (1998).  This header and lateral
system contributes generally on the order
of 1/3 of an atmosphere of additional
operating pressure that the pumps must
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work against.  Marine Biotech (Beverly,
MA) has recently filed a patent on a
fluidized upflow sand filter that has
replaced the conventional lateral and header
system with a circular plenum with slotted
inlet at the bottom of the reactor vessel to
create fluidization and expansion.  The
Marine Biotech design referred to as Cyclo-
BioTM is being evaluated and field tested
by Fingerlakes Aquaculture (Freeville,
NY).  Initial tests by Fingerlakes indicate
that the Cyclo-BioTM biofilter operates on
approximately 1/3 less pressure than a
conventional upflow fluidized sand bed
filter (FSB) in addition to the obvious
advantage of being operated with no
internal lateral system or header (see Figure
2).

Reliable check valves are still
employed in a Cyclo-BioTM filter just as
they are in a conventional FSB, since the
outside pressure chamber may fill with sand
during a back-flow condition.  However,
we do not feel that the potential for back
siphoning and sand filling of the later
system will be as prevalent in a Cyclo-
BioTM due to the lower velocities employed
in the distribution system and that there are
no internal pipes spread through the sand
column to serve as ready suction ports for
sand entry.

Biofilter Scale Effects and Risk
The major advantage of FSB’s for both

conventional units or the Cyclo-BioTM is
their ability to be scaled to capacities to
assimilate ammonia production from
standing fish biomasses on the order of

Figure 2. Cyclo-BioTM upflow sand
biofilter, patent filed by Marine
Biotech (Beverly, MA)

50,000 kg.  In effect the FSB’s can be made
as large as they need to be to handle a
specified fish biomass.  Other
considerations will dictate the actual fish
load with the primary one being risk
associated with catastrophic failure.  The
biofilter is simply one source of failure.  In
my view it is more cost effective,
substantially, to minimize the number of
biofilters on a farm so that each can be
designed with substantial redundancy and
excess capacity.  The simple construction
of a FSB allows very large units to be
designed cost effectively, since not “very
many” are needed and their major cost is
the cost of the reactor vessel.  Since one
primarily pays for reactor vessels on
materials used to manufacture, the volume
goes up cubically as cost increases by the
square of the reactor vessel diameter.  Thus,
the bigger the vessel the cheaper the unit
proportionately.  The counter argument is
to design small biomass systems with
individual biofilters so that when a system
fails, the severity of the economic loss is
small since an individual system represents
only a small fraction of the entire system.
In the last farm I designed, I used one
biofilter for a 110,000 kg per year
production module.  But I designed this
farm to have 6 independent biofilter
systems for the entire operation.  I would
suggest that each farm should have at least
4 independent growout systems, so that one
would only lose 25% of their crop under
catastrophic failure of a particular system.

CIRCULAR TANKS AND
SOLIDS REMOVAL

Cornell has led efforts in development
of the double drain approach to remove

solids from system culture water.  Solids
removal costs are controlled more by the
volume of flow treated rather than the solids
concentration.  Therefore, to reduce the
cost, space, and headloss requirement of
solids removal units, circular culture tanks
can be designed with dual effluent
structures to concentrate the majority of
settleable solids in only a fraction of the
total tank flow (10-25% of the total), which
is carried out through the tank’s bottom
center drain.  This solids-rich flow can be
reused or sent to the facilities effluent
treatment system.  The larger effluent
fraction, 75-90% of the total tank flow,
containing a lower concentration of
settleable solids, can be withdrawn from the
water column some distance off the bottom
and can be either discharged directly or
reused in RAS technology.  In addition,
because the culture tank can be used to
settle and separate solids, in water reuse
systems ozone or other flocculent aids can
be added to the flow before the fish culture
tank to increase removal of settleable solids
from the bottom center drain in culture
tanks with dual drains.

The Cornell double drain is different
from other double drain designs in that the
high flow removal from the tank occurs
from the upper half of the outside wall (see
Figure 3).  This part of the water column is
of the highest quality and thus can be taken
directly to a biofilter for nitrification.  The
center drain flow is recommended currently
to be between 15 to 25% of the total flow
from the system.  The key advantage of this
approach is that it directly reduces the
volume of water that must be treated for
solids removal.

Figure 3.  A culture tank using the Cornell double drain design (from Summerfelt et al.,
2000).  Drawing courtesy of Red Ewald, Inc.,  Karnes City, TX.
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It is extremely critical when employing
the Cornell double drain to design the
culture tank with no internal obstructions,
e.g. pumps, gas conditioning devices etc.
These obstructions interfere with the
circular motion in the tank and it is the
strong circular motion that moves the
settled solids to the center drain for
subsequent removal.  Timmons et al. (1998)
provide a recent review of circular tank
technology and the advantages of this
geometry.  I can not emphasize enough the
importance of rapid and complete solids
removal from the culture tank water.  All
other unit processes will fail if this primary
function is poorly performed.  This is the
major reason I recommend against
rectangular raceway type tanks, because I
do not think these tanks can be operated
nearly as effectively for solids removal as
round culture tanks.  A final brief comment
on circular tanks is to maintain their
diameter to depth ratio between 3 and 10
and preferably between 5 and 10.
Operating tanks using the deeper diameter
depth ratio (3 to 4 range) will also require

that very effective designs are used for re-
introducing the water into the fish tank.
Skybakmoen (1993) and others (Burrows
and Chenoweth, 1970; Mäkinen and
Eskelinen, 1988; Tvinnereim, K., and S.
Skybakmoen, 1989) have done quite a bit
of work in this area and recommend a
combination of later and subsurface jets
(see Figure 4).  Large circular (Diameter >
9 m) or square tanks may require placing
multiple flow distribution pipes at different
tank locations to improve solids removal,
velocity uniformity, and water quality
homogeneity.

The culture tanks bottom center drain
structure is also used for water level control
by connecting it to a weir, either on the
inside or the outside of the tank.  When
water level is controlled on the outside of
the tank, the bottom center drain connects
to an internal stand-pipe or external weir
or stand-pipe (Figure 4).

Circular tanks operate by injecting the
water at the outer radius of a conical tank
such that the water spins around the tank’s
center, creating a “primary” rotating flow.

This inward radial flow carries settleable
solids to the bottom center drain, which
creates the self-cleaning property so desired
in circular tanks.  Rotational velocity can
be controlled with properly designed water
inlet and outlet structures, without having
to increase water flow beyond that required
for the fishes rearing environment.
According to a report by the SINTEF
Norwegian Hydrotechnical Laboratorium
(Skybakmoen, 1993), the velocity through
the openings in the water inlet structure
(v

orif
), which can be either round orifices or

oblong slots, can be used to select for a
given rotational velocity (v

rota
):

where the proportionality constant a ranges
from 0.15-0.20.

Velocities required to drive settleable
solids to the tank’s center drain should be
greater than approximately 15 to 30 cm/s
(Burrows and Chenoweth, 1970; Mäkinen
et al., 1988; Skybakmoen, 1993).

MECHANICAL SCREENING
AND SETTLING.

Once the solids are removed from the
tank culture water, they are removed
typically by either a mechanical rotating
screen.  The mechanical screens are popular
in that they are seen as requiring minimal
labor and floor space as opposed to settling
basins.  Settling basins can be used very
effectively if properly configured and
operated.  Their primary disadvantage is the
additional floor space required for their
incorporation.  However, inventive uses of
vertical space over the settling bed or
placing the settling bed in less expensive
space can reduce this cost considerably.
The key factors to a successful settling
basin are as follows (Chen, Stechey and
Malone, 1994):

• basin floor area of 40 lpm/m2 (1
square foot per gpm) of flow

• 245 to 410 lpm per meter (20 to
33 gpm per foot width) of weir for
outflow

• inlet weir to be submerged and be
approximately 25 cm (10 inches)
wide and rounded edges (or a saw
tooth weir across the inlet weir to
distribute flow evenly into the
settling area)

• maximize length of settling
chamber as much as possibleFigure 4.  Water injected into tank through orifices in horizontal and vertical injection

pipes has been reported to produce more uniform rotational velocities within a circular
culture tank (figure from the Freshwater Institute, Shepherdstown, WV).
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COMPARISON OF AQUACULTURE AND BROILER
PRODUCTION SYSTEMS2

By Dr. Michael B. Timmons,Professor, Department of Agricultural and Biological Engineering, Cornell University, Ithaca, NY 14850 USA.
Copyright by Aquaculture Magazine

Aquaculture must continue and
accelerate the current trend of supplying the
increasing need for fish and seafood
products.  There are strong opinions in the
scientific and agri-business communities as
to where this increase in aquaculture
production will come from- indoor or
outdoor culture systems.  Outdoor culture
proponents argue that the costs of
producing fish from indoor systems are too
high to ever allow commodity levels of
product to be produced from such systems.
Outdoor culture proponents also maintain
that their systems take advantage of
provisions of nature, e.g. sunshine and
algae production, and that the initial system
costs are low for pond structures.  Further,
outdoor proponents argue that fish
production should concentrate in
developing countries where labor and land
are inexpensive.  While the arguments for
outdoor culture are valid, they do not
eliminate the potential of indoor culture
systems as viable production units for the
competitive production of fish products.
The technologies available today are
dramatic improvements over what was
“state of the art” just a few years ago.  I
believe it is no longer an issue as to whether
indoor systems will be the dominant form
of aquaculture in the future, but rather, the
speed at which this industry will grow to
meet the ever increasing need for safe
seafood products.

ECONOMIC COMPARISONS
I will make a comparison among

outdoor systems, indoor systems using
tilapia and commercial broiler production.
The outdoor economics will be taken from
catfish production in the USA, since
complete data is available for such systems.
Catfish production is a mature industry in
the USA and as such, the costs of
production are well documented.  Effects

of initial capital investment and system
productivity will be predicted for indoor
production costs.  Projected production
costs for tilapia will be made based upon
the technology or management
improvements expected over the next 5
years.

COMPARISON TO CATFISH
POND PRODUCTION

Predicted costs of tilapia production
based upon performance data collected at
Cornell University and Fingerlakes
Aquaculture LLC (Freeville, NY) are

Table 1.  Economic parameters used for catfish (Keenum and Waldrop, 1988) and tilapia
production analysis.

catfish tilapia

Feed cost (32% protein, $/kg) $0.40 $0.40

Feed/gain ratio 2.00 1.40

Harvest weight, kg 0.57 0.68

Fingerlings, $/fingerling $0.075 $0.060

Cumulative mortality, % 5 5

Electric costs, $/kWh $0.085 $0.077

Oxygen cost, $/kg) na $0.19

Depreciation (straight line, zero salvage; 7 yrs equipment, 20 yrs bldg) — —

Interest on investment 11% 11%

Interest on operating capital

     (based upon 50% of total operating costs), % 10% same

Repairs and maintenance (% of initial cost) ~5%a 5%

Labor ($/man year include 35% fringe benefit rate)

     1- manager $35,000 $47,000

     1- foreman $26,000 $34,000

     3- workers catfish and 2- tilapia $36,000 $33,000

     Total personnel costs $97,000 $114,000

Total land area, hectares 131.0 2.0

Land value, $/hectare $1,975 $2,500

Harvesting and hauling, $/kg $0.09 $0.09

aKeenum and Waldrop (1988) perform a very elaborate analysis of repairs and maintenance, but from a

simple practical approach, there is minimal difference from using 5% of the initial cost.

compared with previously published data
for Mississippi catfish production from
large outdoor ponds (see Tables 1 and 2).
Where reasonable, component costs are
kept the same between the tilapia and
catfish examples, so that differences in
production costs are the result of
management and system costs and not
subjective values used for say liability
insurance.

2 This section is a condensed version of the paper:  Timmons, M.B. and P.W. Aho, 1998, Comparison of aquaculture and broiler production systems.  In: Proceedings Second

International Conference on Recirculating Aquaculture, Available from NRAES as Publication VA-1, Pp 342-355 (NRAES web site: HTTP://NRAES.org).
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The production levels from both
systems are 590,000 kg/year.  Prices,
depreciation values, and associated
economic factors are given in Table 3 for
both Mississippi pond catfish production
and a northeastern USA indoor system
producing tilapia where the average outside
air temperature is 9° C.  Costs associated
with catfish production are as given by
Keenum and Waldrop (1988).
Depreciation, repairs and maintenance for
the tilapia example were calculated in a
more simple fashion than used in the catfish
analysis; differences in this cost component
due to calculation method are minimal.
Feed price is adjusted upward from that
given by Keenum and Waldrop to be
reflective of current feed prices;  the same
feed price is used for both tilapia and
catfish.

The parameters given in Table 2 for
the tilapia farm are somewhat conservative.
Cornell has operated systems with twice the
densities listed and fed at rates considerably
above 2% per day for sustained periods
with success.  The indoor tilapia system
design is based upon upflow sand filters
using large sands (D

10
 = 0.6 mm and D

eq

= 1.1 mm; upflow velocity of 3.5 cm/s),
double drain flow configurations to
minimize the water treatment volume for
suspended solids removal, and modest
maximum carrying capacities (100 kg/
cubic meter).

Labor requirements
My experience indicates that efficient

growers can manage a series of tanks
averaging 20 to 30 minutes per day per tank
system (11,000 L).  Labor includes daily
water chemistry measurements, fish
feeding, filter maintenance, and tank
cleaning.  Weekly maintenance of two to
three additional man-hours per tank system
for major cleaning activities and
preventative maintenance is also necessary.
Assuming a 40-hour work week, this
suggests one person could manage 7 to 9
tank systems (average of 4.3 to 5.3 man-
hours per tank system per week).  Since
many operations on a farm require two
people, a facility could be designed
assuming two full-time employees/owners
to maximize labor efficiency.  Strong
consideration must be given to providing
24 hour coverage to prevent catastrophic
losses, e.g. all the meters and monitoring
system indicate everything is normal, but
there is a life threatening event if not

Table 2.  Production system characteristics associated with tilapia indoor system.

Size of building 1,780 m2

Growout tank 16 tank facility (7.6 m diameter x 1.4 m deep) 60,000 L
Yearly harvest 590,000 kg
Design parameters:
Density 100 kg/cubic meter
Feeding rate (depends on fish size) 2% to 3% body mass per day
Feed conversion rate (feed/gain) 1.40 kg/kg
Supplemental oxygen 0.4 kg oxygen per kg of feed fed
Oxygen absorption efficiency 75%
Power per tank system 9 kW (3 pumps each 1,500 Lpm capacity)
Fish target size 680 g
Daily water exchange, % of system volume 5%
Temperature difference for water exchange 19.4°C
Fuel cost, $/100,000 BTU 0.62
Building infiltration, air volumes/hr 2

Table 3. Capital cost characteristics associated with tilapia water reuse system.

Growout tank (63 m3) $2,000
3- 3 kW pumps $6,400
Oxygen and CO

2
 control units $2,500

Electronic controller $750
Feeders (2) $750
Sand biofilter $4,000
Tank total cost per individual unit $16,400

16 growout tanks Cost $262,400
Quarantine hatchery /fingerling area (series of small tanks) $9,000

Total tank costs $271,400

Other Equipment
Backup generator (2 @ 80 kW) $32,000
Monitoring system $10,000
Ice machine (2 ton unit) $4,000
Feed bin and auger system $16,000
Harvesting system $8,000
Water heating system $8,000
Waste catchment unit $5,000
Ventilation system $4,000
Water wells (2) $8,000
Fish handling equipment $10,000
Subtotal Other equipment $105,000

Total Equipment Costs (7 year depreciation period) $376,400

Building Costs
Quarantine area $14,400
Laboratory and office space $6,000
Building space $259,840
Septic/restroom $4,000
Subtotal building Costs (20 year depreciation period) $284,240

Land costs (non depreciated) $20,000

Direct cost for complex $660,640
Contingency costs (20%) $132,128
Total funds required (equipment, building, land and contingency) $812,768
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immediately corrected by on-site staff.
Hourly or contract labor would be
employed for special tasks, e.g. harvesting,
hauling, processing, etc.  This then defines
the size for the basic production unit used
in the present analysis as a 16 tank system.
Some adjustments in labor requirements
might be allowed depending upon the tank
size (our analysis for tilapia production
assumes 4 full-time employees).  Losordo
and Westerman (1994) used 8 hours per day
to manage an eight tank facility with a 3
tank nursery (approximately 50% of the
labor per tank used in our cost analysis).

COMPARISON TO BROILER
PRODUCTION

Ultimately, fish production from
aquaculture will have to compete with other
commodity meats such as poultry.  It is
instructive to compare predicted costs of
production for fish from indoor and outdoor
facilities with those of broilers.  Broiler
production data is based upon recent USDA
statistics (USDA, ERS 1996 a,b, c) and my
personal knowledge gained from 20 years
working in the industry.  USA broiler
production is now based upon vertical
integration with the broiler grower being
the contract farmer.  The farmer owns the
building, provides husbandry, and pays the
majority of the utilities.  For these services
the farmer is paid approximately $0.09 to
$0.11 per kg of broiler produced.  Thus, all
costs associated with building ownership,
depreciation of capital equipment, labor and
utilities (electric and water and generally
about 50% of the fuel heating costs) are
borne by the farmer.  The productivity per
worker has increased from 95,000 kg of
broilers per year in 1951 (Watt Publishing,
1951) to 950,000 kg per year in 1991 (Perry,
1991).  Similar achievements have been
made in equipment, housing, and nutrition
and genetics;  North (1984) provides an
extensive description of all facets of
commercial poultry production.  It is
interesting to note that broiler production
in the 1950’s was around 5 million kg per
year.  The productivity per unit of worker
and total broiler consumption of the 1950’s
is very similar to the current productivity
standards of the USA tilapia industry (7
million kg per year) and the productivity
per person in the fish farming business is
approximately 25,000 to 110,000 kg per
year.

Comparison of Production Costs
The predicted tilapia production costs

are given in Table 4 and are compared to
the production costs of catfish and broiler
production on a $ per kg basis and as a
percentage of total costs.  Overall, the
tilapia production costs were slightly higher
than the catfish production costs, $1.62 per
kg versus $1.56 per kg. The major point of
the comparison provided in Table 4 is that
when indoor tilapia production is practiced
on a similar scale as the large USA outdoor
catfish ponds, the costs of production are
also very similar.  Initial system costs for
tilapia and catfish are similar: $1.37
(tilapia) and $1.44 (catfish) per kg per yr
of production.  These investment costs are
roughly 3 times the initial capital
investments for broiler production of $0.49
per kg per yr of production capacity.

Labor savings obtained from
converting from outdoor production to
indoor farming was a primary factor that
drove the poultry industry to confinement
housing.  As mentioned earlier, the labor

Table 4.  Comparison of tilapia, catfish and broiler production costs for farms with a
yearly fish production of approximately 590,000 kg;  costs shown on a per unit weight
of production and percentage of total cost by category.

$ costs per kg produced % of Total Cost
tilapia catfish broiler tilapia catfish broiler

Ownership costs ($/kg)
Depreciation 0.14 0.11 contract 8.6 7.1 —
Interest on investment 0.07 0.10 contract 4.3 6.4 —
Catastrophic fish insurance (3%) 0.07 — contract 4.3 — —
Liability insurance + land taxes 0.01 0.01 contract 0.6 0.6 —
                                        Subtotal 0.29 0.22 0.05 17.9% 14.1% 7.7%

Costs of goods and services ($/kg)
Feed 0.55 0.81 0.39 34.0 51.9 60.0
Fingerlings (chicks) 0.10 0.14 0.09 6.2 9.0 13.9
Oxygen 0.14 — — 8.6 — —
                                        Subtotal 0.79 0.95 0.48 48.8% 60.9% 73.9%

Operating expenses ($/kg)
Chemicals — 0.05 0.06 — 3.2 9.2
Repairs & maintenance 0.07 0.04 — 4.3 2.6 —
Heating water 0.02 — — 1.2 — —
Heating air 0.03 — — 1.9 — —
Electric 0.16 — — 9.9 — —
Other utilities — 0.08 0.02 — 5.1 3.1
Management labor + fringe 0.19 0.17 0.04 11.7 10.9 6.2
Misc. 0.01 — — 0.6 — –
Interest on operating capital 0.06 0.05 — 3.7 3.2 —
                                       Subtotal 0.54 0.39 0.12 33.3% 25.0% 18.5%

Total cost of production ($/kg) 1.62 1.56 0.65 100% 100% 100%

Note:  Broiler costs are broken down for comparison based upon contract grower payments and allocation
of costs between grower and integrator.

productivity for indoor broiler production
is roughly 8 times more productive than
indoor tilapia fish farming.  Ultimately,
indoor fish production has two distinct
advantages over poultry production: feed
conversion efficiency and productivity per
unit area of building.  Broiler production
has feed conversion efficiencies of
approximately 2.00 (2.09 bird weight, feed
to gain ratio on feed energy levels of 3,170
kcal/kg and protein levels of 19.5%), while
tilapia conversions are currently in the 1.3
to 1.5 range for feed energy levels of
approximately 2,500 kcal/kg.  The yearly
meat output per unit floor area from the
tilapia system is 255 kg/m2 compared to 122
kg/m2 from a broiler house.  Thus, net
economic productivity per year from a
fixed tilapia production facility could be
higher, even though the costs of production
per unit weight are higher compared to
broilers.  The advantage for fish production
systems is their higher potential rate of
return per year from a fixed facility.
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Projected Costs of Production for Tilapia.
At this point, there is considerable

information available as to what an
expected cost of tilapia production could
be for large scale operations and what kind
of labor savings could be anticipated over
the next 5 to 10 years.  For example, many
utilities will reduce electrical rate charges
by 25% once a load of 500 kW is reached.
As previously discussed, we may expect
labor requirements to reduce to 50% of the
current example.  Catastrophic fish
insurance would no longer be deemed
necessary, since the farmer would begin to
become self-insured.  System costs would
be expected to reduce by 25% over current
costs due to improvements and refinements
in system designs.  The predicted costs
based upon this scenario are given in Table
5 (broiler production costs are listed again
for sake of comparison).

TILAPIA VERSUS BROILERS:
CONCLUSIONS

Tilapia production appears to be
competitive on the commodity meat market
when labor and system cost efficiencies are
employed for a large scale indoor fish
system.  Recent improvements in system
costs and labor and system efficiencies
associated with larger tank sizes are largely
responsible for the improvements in
economic competitiveness.  A comparison
with catfish pond production at a similar
scale of production showed that tilapia
production costs were very near those of
catfish ($1.62 per kg tilapia versus $1.56
per kg catfish).  The costs of tilapia
production are still significantly higher than
commercial broiler production, e.g. $0.65
per kg for broilers.  However, this
difference is primarily attributed to
equipment, ownership and labor costs
which are much more efficient in broiler
production than tilapia production, $0.073
per kg versus $0.47 per kg.  The
competitive advantage of indoor tilapia
production is that the weight production per
unit area of building per year is
approximately twice the productivity of a
commercial broiler house on a live weight
basis and that tilapia (fish) are more
efficient converters of feed into flesh.

Table 5.  Projected costs of tilapia production given expected improvements over the
next 5 years compared to current production costs for tilapia and commercial broilers.

Tilapia Projected tilapia Broiler

Ownership Costs, $/kg
Depreciation $ 0.14 $ 0.10 —
Interest on Investment $ 0.07 $ 0.05 —
Catastrophic Fish Insurance (3%) $ 0.08 — —
                                        Subtotal $ 0.29 $ 0.15 $ 0.05

Costs Goods Services ($/kg)
Feed $ 0.55 $ 0.42 $ 0.39
Fingerlings $ 0.10 $ 0.04 $ 0.09
Oxygen $ 0.14 $ 0.09 —
                                        Subtotal $0.79 $0.55 $0.48

Operating Expense
Chemicals — — $0.06
Repairs & Maintenance $ 0.07 $ 0.05 —
Heating Water $ 0.02 $ 0.01 —
Heating Air $ 0.03 $ 0.02 —
Electric $ 0.16 $ 0.10 —
Other Utilities — — $ 0.02
Phone — — —
Management Labor + Fringe $ 0.19 $ 0.10 $ 0.04
Misc. $ 0.01 $ 0.01 —
Interest on operating capital $ 0.06 $ 0.01 —
                                        Subtotal $0.54 $0.30 $0.12

Total Cost of Production ($/kg) $1.62 $1.00 $0.65
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UPCOMING MEETINGS

The 3rd International Conference on
Recirculating Aquaculture

The 3rd International Conference on Recirculating Aquaculture will be held July 20-
23, 2000, at the Hotel Roanoke & Conference Center
in Roanoke, Virginia.  This conference and trade show provides the world’s premier forum
for sharing ideas, opportunities, and technologies in commercial scale recirculating
aquaculture. Entrepreneurs, researchers, facility operators, aquaculture managers, fishery
biologists, veterinarians, engineers, food technologists, food safety specialists, government
regulators, business managers, financial institution representatives, and extension and advisory
personnel will all benefit from participating.

The Conference opens on July 20 with an evening plenary session and then provides
two full days of three to four simultaneous technical sessions.  A preliminary session program
is provided on the next two pages.  The symposia will feature presentations and discussions
on such topics as: design of recirculating systems, operations and management, business
plans, economic analysis, marketing, fish health and disease, legal issues, food safety and
HACCP standards, quality control, systems engineering and resource recovery. And an
expanded trade show is a highlight of the conference.

For more information, contact Dr. George Flick at Virginia Tech (tel: 540-231-6965; e-
mail: aqua2000@vt.edu) or log on to http://www.conted.vt.edu/recirc/aqua.htm

Cornell’s 6th Annual Aquaculture Water Reuse Systems Short Course
Cornell University will be offering its 6th Annual Aquaculture Water Reuse Systems Short Course from July 11 - July 14, 1999 (4.5 days).

This 4 and 1/2 day short course (a Saturday tour ends at noon) is intended to give a thorough coverage of the design, operation, and management
of water reuse systems for finfish.  Limited coverage will be given to engineering economics.  The course will be taught by members of the
Cornell Aquaculture Program, led by Dr. Michael Timmons, and other outside experts including Dr. Steven Summerfelt and Mr. Brian Vinci
(Freshwater Institute) and Dr. James Ebeling (University of Maryland).  A combination of “hands on” laboratories and classroom presentations
will be offered at the Cornell Animal Science and Teaching Center (ASTARC), Harford, NY and the main campus of Cornell University,
Ithaca, NY.  ASTARC is the site of Cornell’s intensive water reuse production facility.  This facility has a variety of tank sizes and nitrification
systems in operation, which are currently being used for breeding, hatching, and grow-out of tilapia, as well as a complete wet laboratory for
analysis.  At the conclusion of the workshop, individuals should be able to design their own water reuse systems and have a fundamental
knowledge of the principles influencing design decisions.  The following topics will be addressed:

• System carrying capacity (oxygen, solids, ammonia, carbon dioxide, and constraints)
• Space and volume requirements
• Flow requirements
• Fluid mechanics, pressure losses
• Nitrification principles and bio filter design
• Water chemistry
• Monitoring and control systems
• Group design projects
• Tour of local aquaculture facilities

The cost of the short course is $675.  The fee covers course materials, travel from the Econo Lodge to the sites, daily breakfasts, lunches
and banquet dinner.  Enrollment is limited and a $200 deposit is required by June 12, 2000.  To enroll in the course or for more information
contact Brenda Snowberger (Agricultural & Biological Engineering, 312 Riley-Robb Hall, Ithaca, NY  14853, Phone:  607-255-2495, Fax:
607-255-4080, E-mail:  bls19@cornell.edu) or visit our website at http://pomona.aben.cornell.edu/shortcourse.

Membership Dues
The AES is now collecting 2000 membership dues.  It is not to late to join AES

for 2000 and receive eight issues (two 1999 volumes) of the journal Aquacultural
Engineering, the AES News, and the AES Member Directory.

AES Newsletter
The AES News is printed quar-

terly by the Aquacultural Engineer-
ing Society.  You can receive the AES
News by joining the Aquacultural En-
gineering Society.  If you would like
to discuss the contents of the News,
or, if you would like to contribute in-
formation to the News, please con-
tact either of the two Co-Editors:

Steve Summerfelt,
Freshwater  Institute
P.O. Box 1889
Shepherdstown, WV 25443
304-876-2815 ph
304-870-2208 fax
s.summerfelt@freshwaterinstitute.org

Mike Timmons
Agricult. & Bio. Engineering
302 Riley-Robb Hall
Cornell University
Ithaca, NY 14853-5701
607-255-2801 ph
607-255-4080 fax
mbt3@cornell.edu
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World Aquaculture 2001
World Aquaculture 2001 is the next triennial meeting of the National Shellfisheries Association, the Fish Culture Section of the American

Fisheries Society and the World Aquaculture Society.  The Conference and Tradeshow will be held January 21-25, 2001, at Disney’s Coronado
Springs Resort in Orlando, Florida, USA.  These triennial meetings are extremely popular and attendance can exceed 4,000.  For more
information on the overall program and tradeshow at World Aquaculture 2001, please contact John Cooksey, WAS Director of Conferences
(phone: +1 760-432-4270: fax: +1 760-432-4275; e-mail: worldaqua@aol.com), or visit the World Aquaculture Society’s website at: http://
www.was.org

The AES is organizing two workshops to be held at World Aquaculture 2001.  The first workshop on “Intensive Fin-Fish Systems and
Technologies” is intended for fish farmers, biologists, and engineers with some prior fin-fish culture experience.  The second workshop on
“International Recirculating Systems” will overview a wide range of recirculating technologies used internationally to culture different
species of fish.  The two workshops will be followed by a contributed paper session containing aquacultural engineering presentations.
Steven Summerfelt (s.summerfelt@freshwaterinstitute.org) is coordinating the AES involvement.

AQUA 2000 HIGHLIGHTS
The joint annual meetings of the European Aquaculture Society and the World

Aquaculture Society took place in Nice, France from May 2-6, 2000. The conference theme
was “Responsible Aquaculture in the New Millennium” and the conference featured a thematic
program that was linked to four days of technical presentations. Thematic and technical
presentations brought together international experts on all aspects of aquaculture and there
was also a strong trade show that occupied two floors at The Acropolis Convention Center.

The AES sponsored three half-day sessions at AQUA 2000. The first AES sponsored
session was on “Recirculation System Scale-up and Energy Use”. The second day’s AES
sponsored session focused on “Reducing Discharges from Aquaculture Operations” and
“Engineering Shrimp Production in Low- or No-effluent Pond Systems.” The final AES
sponsored session featured contributed technical papers that covered a broad range of
aquacultural engineering. AES sponsored sessions were organized by Raul Piedrahita who
was joined in chairing the AES sessions by Ron Malone, Johan Verreth, and Jean-Paul
Blancheton. AES sessions brought speakers (and AES members) from all over the globe
including France, The Netherlands, Israel, Finland, Columbia, Australia, and the US. In
addition to the AES sponsored sessions,AES president Ron Malone was a featured speaker
in the conference thematic program. Ron gave the presentation “Engineering for Responsible
Aquaculture” which was well received and generated excellent discussion.

For information on obtaining the Book of Abstracts from AQUA 2000 contact the
European Aquaculture Society, EAS Secretariat, Slijkensesteenweg 4, B-8400 Oostende,
Belgium, Tel: +32-59-32 38 59; Fax: +32-59-32 10 05; e-mail: eas@unicall.be.

UPCOMING MEETINGS

RECENT EVENTS
ELSEVIER PUBLISHES A

SPECIAL ISSUE OF
AQUACULTURAL
ENGINEERING

Elsevier recently published a special
issue of Aquacultural Engineering (Volume
22, Numbers 1-2) titled “Developments in
Recirculation Aquaculture System
Technology.”  The special issue contains
selected peer-reviewed papers from an
invited engineering session co-sponsored
by the AES and the European Aquaculture
Society, which was held at Aquaculture
Europe 98' in Bordeaux, France.  The
special issue includes papers that overview
fresh and seawater recirculating systems,
as well as papers that review unit process
technologies for recirculating water and for
treating fish farm effluents.  Dr. Raul H.
Piedrahita (Past AES President and current
AES Director) and Dr. Johan Verreth edited
the special issue.

NEW AES OFFICERS AND DIRECTORS
The AES Officers and Directors plan and coordinate our society’s participation in conferences and special work groups.  The AES

Directors serve a two-year term and the Officers serve a one-year term.  The rotation of AES Officers and Directors occurred at the end of
the AES Annual Meeting, which was held during Aquaculture America ‘2000 in New Orleans (LA) this past February.  The AES sincerely
appreciates the efforts of the departing Directors.  Following is a list of the changes in AES Officers and Directors.

New Officers Departing Officer Returning Directors New Directors Departing Directors

Pres:  Ronald Malone David Brune Yan-Nau Chu Ivar Warrer-Hansen Fredrick Wheaton
1st VP:  Barnaby Watten Kelly Rusch James Muir Dallas Weaver
2nd VP:  Steven Summerfelt Paul Hundley James Ebeling* Kuen-Hack Suh
Past Pres:  Thomas Losordo Jaap van Rijn Michael Timmons German Merino
Sec/Tres:  Brian Vinci David Brune

Raul Piedrahita
Rod McNeil
Shulin Chen

*  James Ebeling had served his 2-year term and was scheduled to rotate off the BOD, however, the Directors re-elected him.
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To join the AES, please fill out the following information and send with payment to:  Brian Vinci, c/o Freshwater Institute, P. O. Box 1889,
Shepherdstown, WV, 25443, USA (fax: 304-870-2208).  Make cheques payable to the Aquacultural Engineering Society.  You do not have
to provide education information to become a member.

Name____________________________________________________  Position _____________________________________________

Company_______________________________________________________________________________________________________

Address ________________________________________________________________________________________________________

City ______________________________ State _________________  Postal Code __________________Country __________________

Telephone __________________________ Fax _____________________  E-mail ____________________________________________

Highest Degree ____________________ Major __________________  Institution ____________________ Year __________________

_______ $75 (US) Individual Member; ______ $75 (US) Student Member ; ______ $25 (US) Student Member

Master Card ______ Visa ________ Credit Card No. ______________________________  Exp. Date ___________________________

Exact spelling of name on credit card: ________________________________________________________________________________

For more information on the AES, visit the AES web page at:
http://www.aesweb.org

PRAqua Technologies Ltd.
67b Skinner St., Nanaimo, British
Columbia  V9R  5G9 CANADA
ph:  (250) 714-0141
fax:  (250) 714-0171
e-mail:  info@praqua.com
web site:  www.praqua.com

Aquaculture Systems & Equipment
108 Industrial Ave., New Orleans,
LA  70121
ph:  (504) 837-5580
fax:  (504) 837-5585
web site:  www.aquasales.com

Marine Biotech, Inc.
54 West Dane Street, Unit A, Beverly,
Massachusetts  01915,U.S.A.
ph:  (978) 927-8720
fax:  (978) 921-0231
e-mail:  sales@marinebiotech.com
web site:  www.marinebiotech.com

Aquatic Eco-Systems, Inc.
1767 Benbow Court, Apopka, FL  32703
ph: (407) 886-3939
fax:  (407) 886-6787
e-mail: aes@aquaticeco.com
web site:  http://www.aquaticeco.com

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

Aquaneering, Inc.
8280 Clairemont Mesa Blvd., Suite 117, San Diego,
CA  92111-1708 USA
ph:  (858) 541-2028
fax:  (858) 541-2048
e-mail:  markf@aquaneer.com
web site:  WWW.AQUANEER.COM

AES Sponsors
The AES is looking for sponsors within the aquaculture industry to support the increased cost of producing the AES

News.  The sponsors listed below have donated generously to support the AES.  For this donation, the AES will be inserting
a one-page product literature sheet in one of the newsletter mailings, and list the vendor as an AES supporter in four
consecutive newsletters.  Please contact one of the AES News Co-Editors if you would like to be a sponsor.


