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  Dear AES Members, 

 It has been a great privilege to serve as the President of the Aquacultural 

Engineering Society this past year. It was great to meet many of our members, 

students and professionals alike, at the last International Conference on 

Recirculating Aquaculture in Roanoke, VA. I am looking forward to meeting any members who will 

be attending the upcoming Aquaculture America 2017 conference in San Antonio, TX. In a 

fortunate turn of events for the AES, one of our long-standing members has returned to the 

Executive Board as the Secretary Treasurer - Tim Pfeiffer. Tim has been working hard at helping 

organize much of the operations within AES, and he is also organizing the AES sessions at the 

AA2017 conference. Please be sure to take a moment to review our session schedule for the 

conference in this newsletter. Lastly, I would like to thank the AES Board of Directors for their 

service and our Secretary/Treasurer Assistant, Terry Rakestraw, for all her work in keeping the 

Society running and helping to serve our members.  

  Kind regards,  

   Todd Guerdat  
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President’s Letter by Todd Guerdat 



  ARTICLE 

Convergence of Recirculation Aquaculture 

Systems and Fishmeal-Free Diets:  Effects on 

Water Quality  and  Waste Discharge 

 

By John Davidson, Steven Summerfelt, Rick 
Barrows, Christopher Good, Brett Kenney, & 
Karen Schroyer 
 
The Conservation Fund’s Freshwater Institute, 
Shepherdstown, WV, USA 
jdavidson@conservationfund.org 
Contingents of the aquaculture engineering 

community are likely familiar with advances in 

land-based recirculation aquaculture systems 

(RAS), as well as trends to reduce fishmeal 

and fish oil in aquaculture diets. The conver-

gence of these paradigms, however, has not 

been extensively studied. Therefore, re-

searchers at the Conservation Fund’s Fresh-

water Institute (TCFFI) recently began to in-

vestigate the interaction between RAS and 

fishmeal-free diets and the effects on fish 

performance, water quality, and waste pro-

duction metrics. Several peer-review and 

trade press articles have resulted. This article 

provides a backdrop for this work, summariz-

es key findings, and describes the link to aq-

uacultural engineering. 

 

Land-based, water recirculation technologies 

are being used more today than ever before 

and are now being installed at huge commer-

cial scales to produce Atlantic salmon smolt 

and in a few cases for the grow-out of market-

size salmon (Dalsgaard et al., 2013; Summer-

felt and Christianson, 2014; Davidson et al., 

2016a). Other farmed species are also being 

cultured in commercial-scale RAS including 

Arctic char, rainbow trout (steelhead), tilapia, 

sturgeon, pike perch (Dalsgaard et al., 2013), 

shrimp (Daniels, 2015), and more. Simultane-

ously, new diets are being developed that 

minimize the use of marine resources through 

utilization of alternate ingredients (FAO, 

2016). The adoption of RAS technology and 

changes to aquaculture diets have occurred 

rapidly over the last several decades, but to 

some extent separate of each other; however, 

as the aquaculture industry has evolved these 

subjects now converge and must be studied in 

combination. 

 

Precise formulation of alternate ingredient 

diets that meet, but do not exceed the nutri-

ent requirements of fish is critical when feed-

ing fishmeal-free diets in RAS because excret-

ed wastes can accumulate, particularly when 

systems are operated with low flushing rates 

and long hydraulic retention times (Davidson 

et al., 2009). Fine solids that accumulate in 

RAS can impair culture system water quality 

and unit processes efficiencies (Zhu and Chen, 

2001) and could negatively impact fish health 

and performance. Accumulating solids and 

nutrients can also impair effluent quality 

(Cripps and Bergheim, 2000). Therefore, the 

digestibility of replacement ingredients should 

be closely considered (Barrows et al., 2014), 

and ingredient profiles that produce stable 

fecal material must be selected (Brinker and 

Friedrich, 2012). 

 

Over the last five years, TCFFI has conducted 

several studies focused on the use of fishmeal

-free diets for fish cultured in RAS. The first 

study showed that a fishmeal-free diet con-

taining soy and corn protein concentrates as 

replacements for fishmeal resulted in similar 

rainbow trout performance compared to a 

standard fishmeal-based diet (Davidson et al., 

2013). However, the same diet resulted in 

greater total ammonia nitrogen, total sus-

pended solids (TSS), and biochemical oxygen 

demand (BOD) in the culture water. Despite 

these differences, the waste loads per kg feed 

flushed from each RAS were similar between 

dietary treatments for TSS and total nitrogen 

(TN). Total phosphorous (TP) waste was sig-

nificantly lower in RAS associated with the 

fishmeal-free diet. Overall, this fishmeal-free 

diet proved to be a viable formulation for use 

in low exchange RAS. However, future consid-

erations included adjustments to the formula-

tion for improved fecal stability and/or use of 

ozone to mildly improve water quality. 

 

Recently, a similar study was conducted eval-

uating a different fishmeal-free formulation 

fed to post-smolt Atlantic salmon cultured in 

replicated RAS compared to a standard fish-

meal-based diet (Davidson et al., 2016b). 

Proteins used to replace fishmeal included 

mixed nut meal, poultry meal, wheat flour, 

and corn protein concentrate. Fish oil for this 

diet was sourced from whiting fish trimmings. 

Atlantic salmon performance was nearly iden-

tical between dietary treatments; however, 

the fishmeal-free diet resulted in approxi-

mately four times greater TP in the culture 

water (Fig. 1) and significantly greater waste 

loads for TSS, BOD, and TP in the effluent 

(Table 1). Excess TSS and BOD wastes associ-

ated with the fishmeal-free diet were likely 

related to lower dry matter digestibility of the 

mixed nut meal ingredient (Barrows et al., 

2014). Dietary phosphorous was also appar-

ently provided at levels greater than the bio-

logical requirement of Atlantic salmon 

through the addition of dicalcium phosphate. 

Data collected during this trial also provided 

knowledge about waste separation and re-

moval by solids treatment processes (Table 1).  

In addition to these studies, TCFFI has con-

ducted similar research comparing a fishmeal-

free diet versus a fishmeal-based diet fed to 

walleye in RAS (Davidson et al., 2016c). All of 

TCFFI’s research articles are available online 

at no cost. 

 

These research trials demonstrate how engi-

neering plays an important role in evaluating 

fishmeal-free diets intended for use in RAS. 

Knowledge of expected waste production 

rates provides information about the poten-

tial for meeting site-specific discharge stand-

ards and as such may direct the selection of 

necessary waste treatment technologies. 

Waste production data gleaned from mass 

balance calculations can also determine the 

feasibility of using specific diets in RAS or 

could lead to adjustments to diet formula-

tions. Data collected during the Atlantic salm-

on study, for example, provided critical infor-

mation for fish nutritionists to fine-tune the 

formulation to reduce phosphorous excreta. 

On the other hand, fish farms planning to use 

aquaponics might welcome increased nutrient 

loads common to certain diets. New diet for-

mulations could also affect energy and water 

use in RAS depending on solids production 

rates and fecal matter stability. Diets that 

produce more fine solids, for example, could 

result in increased backwashing and subse-

quent increases in energy and water use. The 

implications of using novel diets in RAS are 

broad ranging. As unique ingredients are in-

troduced and fishmeal-free diets developed 

for use in RAS, engineering should continue to 

play an important role in diet evaluation.. 

(Note:  Citation list available upon request or 

contact John Davidson). 

mailto:jdavidson@conservationfund.org


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 1. Total phosphorous levels measured in replicated RAS in which post-smolt Atlantic salmon were fed a  
            fishmeal-free diet versus a standard fishmeal-based diet (Davidson et al., 2016b). 
 

Table 1. Waste production per kg feed and division of aquaculture wastes among effluent sites as a result    
             of feeding  a fishmeal-free versus a fishmeal-based diet to Atlantic salmon in replicated RAS  
      (Davidson et al., 2016b)  
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Total Nitrogen 

RAS Location 
FMF Diet 

(kg TN/kg feed) 
FMF Diet                               

% Total Mass Flushed 
FM Diet             

(kg TN/kg feed) 
FM Diet                

% Total Mass Flushed 

Radial Flow Settler 0.005 ± 0.000 24 ± 1 0.003 ± 0.000 17 ± 1 

Drum Filter 0.017 ± 0.002 76 ± 1 0.017 ± 0.001 83 ± 1 

Total Mass Flushed 0.022 ± 0.002 100 0.020 ± 0.002 100 

  

Total Phosphorus 

RAS Location 
FMF Diet            

(kg TSS/kg feed) 
FMF Diet 

% Total Mass Flushed 
FM Diet               

(kg TSS/kg feed) 
FM Diet               

% Total Mass Flushed 

Radial Flow Settler 0.0035 ± 0.0001 41 ± 2 0.0020 ± 0.0001 35 ± 3 

Drum Filter 0.0054 ± 0.0005 59 ± 2 0.0040 ± 0.0006 65 ± 3 

Total Mass Flushed *0.0089 ± 0.0005 100 0.0059 ± 0.0007 100 

  

Total Suspended Solids 

RAS Location FMF Diet 
FMF Diet                       

% Total Mass Flushed 
FM Diet             

(kg TP/kg feed) 
FM Diet               

% Total Mass Flushed 

Radial Flow Settler 0.152 ± 0.010 52 ± 3 0.071 ± 0.010 35 ± 5 

Drum Filter 0.141 ± 0.021 48 ± 3 0.150 ± 0.031 65 ± 5 

Total Mass Flushed *0.297 ± 0.028 100 0.221 ± 0.032 100 

  

Biochemical Oxygen Demand 

RAS Location FMF Diet 
FMF Diet                       

% Total Mass Flushed 
FM Diet            

 (kg TP/kg feed) 
FM Diet               

% Total Mass Flushed 

Radial Flow Settler 0.036 ± 0.002 47 ± 2 0.023 ± 0.002 41 ± 3 

Drum Filter 0.043 ± 0.005 53 ± 3 0.034 ± 0.004 62 ± 5 

Total Mass Flushed *0.079 ± 0.005 100 0.056 ± 0.005 100 



1300 FINDING THE PROPER PLACE FOR RECIRCULATING AQUACULTURE. John Hargraeves 

1330 
THE FUNCTION AND USE OF GRANULAR FILTRATION IN RECIRCULATING AQUACUL-

TURE SYSTEMS: BASIC PRINCIPLES. Todd Guerdat 

1400 
ENGINEERING DESIGN AND CONSTRUCTION OF A 10,000 FT2 AQUAPONIC GREEN-

HOUSE, MERCHANT'S GARDEN. James Ebeling 

1430 SIZING AND DESIGN OF LOW LIFT AIRLIFTS FOR RAS APPLICATIONS. Ron Malone 

1500 SIZING OF A FLOATING BEAD BIOCLARIFIER . Rhine Perrin 

1530 
BIOFILTRATION CAPACITY OF A MOVING BED BIOREACTOR IN SEQUENCE WITH A 

SUBMERGED FLOATING BEAD BIOCLARIFIER– RAS APPLICATION. Tim Pfeiffer 

1600 
IMPROVED PNEUMATIC SLUDGE HANDLING IN POLYGEYSER FLOATING BEAD  

FILTERS. Ron Malone 

1615 
BEAD FILTER APPLICATIONS IN MARINE AQUACULTURE AT THE UNIVERSITY OF 

SOUTHERN MISSISSIPPI. Reginald Baylock 

1630 
APPLICATION OF BEAD FILTER TECHNOLOGY AT A MARINE WARMWATER AQUACUL-

TURE RESEARCH FACILITY. Paul Wills 

1645 
APPLICATION OF RECIRCULATING TECHNOLOGIES TO MARINE AQUACULTURE SYS-

TEMS: AN OVERVIEW. Chuck Weirich 

1700 USE OF BEAD FILTERS IN ORNAMENTAL AQUACULTURE. Craig Watson 

1715 
TREATMENT OF KOI PONDS WITH A FLOATING BEAD FILTER AND ULTRAVIOLET LIGHT 

COMBINATION. Burt Nichols 

1730 
ECONOMIC CONSIDERATIONS FOR GROWING HSB IN RECIRCULATING SYSTEMS AT 

COMMERCIAL SCALE WITH BEAD FILTER TECHNOLOGY. John Zevgolis 

AES Board of Directors meeting after  session 

 

 

Bead Filter Technology 

Monday 1:00-5:30 pm 

Chairs: Tim Pfeiffer, Ron Malone 



 

 

 

ENGINEERING 

Wednesday 8:30-11:30 pm 

0830 
IMPACTS OF CHILLER FAILURE ON TEMPERATURE CHANGE IN ISOLATION INCUBA-

TORS FOR SALMONIDS. John Colt 

0845 IMPACT OF FISH FEED ON AIRLIFT PUMP PERFORMANCE. Daniel Moses 

0900 

SELF-CLEANING LARVAL REARING TANKS TO IMPROVE LARVAL PRODUCTION OF 

CALIFORNIA YELLOWTAIL Seriola dorsalis AND WHITE SEA BASS Atractoscion nobilis . 

Frederico Rotman 

0915 RICE HULL BIOFILTER DESIGN: LAB AND COMMERCIAL SCALE RESULTS. Marlon 

0930 
A MONITORING AND CONTROL SYSTEM FOR AQUACULTURE VIA WIRELESS NET-

WORK AND ANDROID PLATFORM. Veena Soni 

0945 
RISK AND RELIABILITY ANALYSIS OFOFFSHORE AQUACULTURE OCEAN PLANTA-

TION SYSTEM. Suliaman Olanrewaju,  

1000 
EVALUATING THE RISK OF EUTROPHICATION AND INFRASTRUCTURE DAMAGE AT 
PROTECTED AND EXPOSED FINFISH PRODUCTION SITES USING A GEOSPATIAL 
MODEL. Tyler Sclodnick 

AES Board of Directors Meeting  

after  

Bead Filter Technology session 

Monday, February 20 — 5:30 pm 

 

(AES Members welcome) 
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KC Hosler, P. Engr. 

President 

KC is Business Unit Manager for the PR Aqua division of Pentair Aquatic Ecosystems.  He has 

more than 17 years’ experience in the field of aquaculture systems engineering and construc-

tion.  He has been project manager and/or lead consultant on an extensive list of projects in 

aquatic laboratory, fisheries enhancement, and commercial aquaculture applications.  KC spe-

cializes in aquaculture facility bio-programming, planning and concept design with special em-

phasis on the application of advanced water reuse and recirculation technologies.  KC fre-

quently speaks or participates in technical discussion panels at aquaculture conferences and 

courses, providing him the opportunity to educate regarding modern aquaculture techniques 

and to share his extensive project experience. KC is a Professional Engineers in British Colum-

bia, Canada and has previously served on the board of the  Aquaculture Engineering Society.  

Todd Guerdat, PhD 

Past President 

Dr. Todd Guerdat is a professor of Agricultural Engineering at the University of New 

Hampshire with appointments in both the Biological Sciences and Civil and Envi-

ronmental Engineering departments. Dr. Guerdat earned his PhD in Biological and 

Agricultural Engineering from North Carolina State University researching water 

and wastewater treatment in recirculating aquaculture systems at the pilot and 

large scales. His agricultural engineering research program at UNH is centered on 

scalable nutrient capture and reuse systems, protected agricultural systems, and 

alternative agricultural energy systems which will provide opportunities for students 

and farmers alike to apply their knowledge in a practical manner.  

Astrid Buran Holan, PhD 

Vice President 

Dr. Astrid Buran Holan is a research scientist in the field of controlled environment 

aquaculture in Nofima, Norway at the Centre for Recirculation in Aquaculture 

(NCRA) in Sunndalsøra. She completed her doctoral degree at the Norwegian Uni-

versity of Science and Technology (NTNU), affiliated with NTNU Sealab and the 

Department of Hydraulic and Environmental Engineering. Her research in Nofima 

and NCRA focus on developing and integrating new or already existing water treat-

ment technology in recirculating and semi-closed aquaculture systems, with a sim-

ultaneous focus on the needs and requirements of the fish in such systems, as well 

as the environmental aspect. Dr. Holan is formally affiliated with the Department of 

Production Biology in Nofima. 

Tim Pfeiffer, PhD  

Secretary/Treasurer 

Dr. Pfeiffer obtained his degree from Louisiana State University in Engineering Sci-

ence from the Department of Biological and Agricultural Engineering. Dr. Pfeiffer 

worked for the USDA specializing in aquaculture engineering for over 13 years. 

specializing in design and research of recirculating aquaculture systems, effluent 

management, and energy and water conservation for RAS designs. In 2012 he 

worked with the Foreign Agricultural Service branch of USDA as an Agricultural 

Advisor in Afghanistan and his focus was water resource development and conser-

vation. Dr. Pfeiffer has been a long-time member of AES (20 yrs) and has served 

as its Secretary/Treasurer from 2006 until 2012 and on the editorial board of the 

Aquaculture Engineering journal  

AES Off icers  2017 -2018  



 
 

 

 

4th Nordic RAS Workshop  

on  

Recirculating Aquaculture Systems 2017 

 

12-13 October 2017, Aalborg, Denmark 

Field excursion 14 October 2017  

Organised by the Nordic Network on Recirculating Aquaculture Systems (NordicRAS) and the Technical University 
of Denmark (DTU Aqua) 

Background 

Fish farming in recirculation aquaculture systems (RAS) is a fast-growing industry and the tech-

nology develops rapidly. An increasing number of large-scale RAS are constructed for produc-

tion and on-growing of different species in both freshwater and seawater. There is, however, still 

a lot to be learned on how best to design and operate these systems including many new chal-

lenges arising when operating with saltwater. 

On the 4th International Nordic RAS workshop, farmers, operators, technology and service pro-

viders, and researchers will present and discuss the current development, experiences gained, 

and recently achieved research results. 

Workshop topics 

 On-growing of different species in RAS 

 Saltwater RAS 

 Particles and microbial water quality 

 Gasses and degassing 

 Online monitoring 

 Diseases in RAS 

 Waster treatment 
 

The workshop starts 12 October 2017 at 10:00 (registration from 09:00 to 10:00) and ends 13 

October 2017 at 15:00. 

You may find more information about the workshop on the network website  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AES Member Registration 

NAME________________________________________________________________________________ 

AFFLIATION __________________________________________________________________________ 

ADDRESS_____________________________________________________________________________ 

City ______________________________________________________________ State ______________  

Postal Code ________________________ Country _________________________________________ 

TEL__________________________________________________________________________________  

FAX__________________________________________________________________________________ 

Email ________________________________________________________________________________ 

2017 Annual Membership. Includes: $30 
2017 Student Membership.  Free.  
2017 Sponsor (membership, printed journal subscription, advertising in newsletter/website $650 

 

Options (additional cost to the $30 annual membership dues): 
Print subscription to Elsevier’s journal Aquacultural Engineering (Volumes 76-81). $94 
Online subscription to Elsevier’s journal Aquacultural Engineering (Volumes 76-81). $74 

PAYMENT 
 Check enclosed (Made payable to Aquacultural Engineering Society in US Funds) 

 Charge: o Visa o MasterCard o American Express o Discover 

Credit Card #_____________________________ Expiration Date:__________________  

Security # (3-4digits):_________________ 

Name on Card: ________________________________________Signature: _______________________________________ 

Please send this form and payment to: Aquacultural Engineering Society, attn. Terry Rakestraw 

 YSI Inc. 

1700/1725 Brannum Lane 

Yellow Springs, OH 45387 

Tel: 937.767.7241  

environmental@ysi.com  

www.ysi.com  

 AST Filters, LLC. 

P.O. Box 15827 

New Orleans, LA 70125 

Tel: 800.939.3659 

Fax: 504.837.5585 

info@BeadFilters.com 

www.BeadFilters.com  

 BioMar A/S 

Mylius Erichsensvej 35 

Brande 7330 Denmark 

Tel: 45.97.180722 

Fax: 45.97.183012 

info@biomar.dk  

www.biomar.com  

 L.S. Enterprises 

P.O. Box 51033 

Fort Myers, FL 33994 

Tel: 239.43.1258 

Fax: 239.543.7308 

info@biofilters.com 

www.biofilters.com  

 Aqua Logic, Inc. 

8268 Clairemont Mesa Blvd. 

Suite #302 

San Diego, CA 92111 

Tel: 858.292.4773 

Fax: 858.279.0537 

info@AquaLogicinc.com 

www.aqualogicinc.com  

AES Newsletter  

The AES is looking for sponsors within the aqua-
culture industry to support the cost of producing  
the AES News in 2017. The sponsors listed above 
have donated generously to support AES in 2017 
and we appreciated their continuous support. 
Please contact AEs Secretary/Treasurer Tim 
Pfeiffer if you would like to be a sponsor or con-
tribute to the AES News—tjpfeif@comcast.net 
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