
 1 

LAND-BASED AQUACULTURE 
Information sharing for developers of  
recirculating aquaculture systems  (RAS) 
 
Development c osts of two operating  
facilities employing RAS   
 
March 2013  
 

KUTERRA, LP 
 

 
TASTE OF BC 

 

 
  



 2 

 

Table of Contents  
 
Introductionȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ  3 
 
4ÈÅ Ô×Ï ÆÁÃÉÌÉÔÉÅÓȡ ÂÁÓÉÃ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢ  4 
 
1ÕÉÃË ÓÕÍÍÁÒÙ ÏÆ ÄÅÖÅÌÏÐÍÅÎÔ ÃÏÓÔÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ  υ 
 
Ȭ.amgis FN facility  
      Overview of systems and componentsȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢ  ψ 
      Significant factors affecting costs  
         and related opportunities for cost savingsȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢρρ 
 
Taste of BC facility 
       Overview of systems and componentsȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢ14 
       Significant factors affecting costs  
         and related opportunities for cost savingsȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ. 16 
 
#ÏÍÐÁÒÉÓÏÎ ÏÆ ÃÁÐÉÔÁÌ ÃÏÓÔÓȡ Ȭ.amgis FN and Taste of BC 
       Summaryȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ 18 
       #ÏÍÐÁÒÉÓÏÎ ÏÆ ÍÁÊÏÒ ÇÅÎÅÒÁÌ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ ςπ  
       #ÏÍÐÁÒÉÓÏÎ ÏÆ 2!3 ÓÙÓÔÅÍÓ ÃÏÓÔÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȢȢ ςρ  
       Comparison of equipment and main ÂÕÉÌÄÉÎÇ ÃÏÓÔÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣ ςς  
       Comparison of civil works, pre-construction and miscellaneous  
           site development costsȣȣȣȣȣȢȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ ςσ 
       
 
Appendix 1 ɀ $ÅÔÁÉÌÅÄ ÂÒÅÁËÄÏ×Î ÏÆ  Ȭ.amgis FN facility, components and costs, 
                           ×ÉÔÈ ÏÐÐÏÒÔÕÎÉÔÉÅÓ ÆÏÒ ÃÏÓÔ ÓÁÖÉÎÇÓȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣςτ  
 
Appendix 2 ɀ Detailed breakdown of Taste of BC facility, components and costs, 
                           with opportunities for cost savingsȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ59 
 
 
Information for this report was provided by: 

- Kuterra LP  ɀ Contact: Jo Mrozewski , Communications, at jo@runninglight.ca 
- Taste of BC ɀ Contact: Steve Atkinson, CEO, at steve@freshbcsalmon.com  

 
This information was originally compiled and presented at Aquaculture Innovation 
Workshop #5 by Gary Robinson and Dr. Andrew Wright.  For further information contact 
Gary Robinson, GVR Consulting at gary.robinson@uniserve.com. 
 
Special thanks to Judy Gale for her generous contribution of time and energy to edit  this 
report.   

mailto:steve@freshbcsalmon.com


 3 

             
As world demand for fish increases, market opportunities abound for growers of high 
quality product with the added social capital provided by environmentally benign land-
based production. 
 
Ȭ.amgis First Nation (Kuterra LP) and Taste of B.C are two Canadian producers currently 
demonstrating the technical, biological and economic feasibility of recirculating 
aquaculture systems (RAS).  They offer this cost overview of their newly constructed 
land-based facilities with the intention of providing useful information to anyone 
considering development of similar facilities.   
 
Taste of B.C. is a 100 metÒÉÃ ÔÏÎÎÅÓȾÙÅÁÒ ȰÆÁÍÉÌÙ ÆÁÒÍȱ ÐÒÏÄÕÃÉÎÇ Ȱ3ÔÅÅÌÈÅÁÄ 3ÁÌÍÏÎȱ 
ɉÒÁÉÎÂÏ× ÔÒÏÕÔɊȢ   4ÈÅ Ȭ.amgis FN Atlantic salmon operation is larger: 470 metric 
tonnes/year facility that intends longer term commercial scale up. Despite the unique 
aspects of each, the cost structure and identified efficiencies should be applicable to the 
development of any commercial RAS facility. 
 
In addition to presenting a summary of costs, the report includes potential opportunities 
for cost reduction that were identified by the operators, builders, engineers, etc. These 
are simply high-level ideas for consideration and were not fully evaluated as part of this 
project.  
 
Listed costs are based on expense records, and the assessment assumes that each facility 
was designed and constructed following best practices and according to local building 
codes, safety standards and environmental regulations.  Unique requirements and 
standards are flagged. 
 
The costs and other information supplied in this report were based on the status of the 
ȬNamgis project as of May 2013 and the Taste of BC facility as of November 2013. As with 
all RAS facilities, capital investments and modifications are ongoing. However, the 
following presents essentially the start-up costs for both facilities.   
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The facilities:  basic characteristics  
 
 Ȭ.amgis RAS Taste of B.C. RAS 

   
Location  Port McNeill, B.C. Nanaimo, B.C. 
 τσ ÒÕÒÁÌ ÁÃÒÅÓ Ȭ.amgis First 

Nation Reserve lands 
4 acres near city, privately 
owned by Taste of BC 

Species Atlantic salmon. 
Sold under Kuterra brand 

Steelhead salmon (Rainbow 
trout)  

Optimal/current 
production  

470 metric tonnes of market size 
fish/year  

100 metric tonnes/year 

Long-term goal  Plan to expand capacity to 
commercial scale  (>1000 
mt/year)  

No current expansion plans 

Smolt     Outside purchase. Quarantine 
used.  3 inputs/year  

Outside purchase, certified 
disease free.  No quarantine 
necessary.  6.5 inputs/year  

Feed 1418 kg feed/day 315 kg feed/day 
Key components  5, 500 m3 fiberglass tanks 

2, 250 m3 fiberglass tanks 
15 fiberglass tanks, ranging in 
size from 5 m3 to 96 m3   

 2 independent RAS systems and 
purge 

Single RAS system and purge 

 VSA oxygen generator with LOX 
back-up 

VSA oxygen generator with 
LOX back-up 

 Fluidized sand biofilter Fluidized sand biofilter 
 Groundwater supply   

(drill  wells) 
 

Groundwater supply (artesian 
wells) 

 Low head oxygenators (LHO) Low head oxygenators (LHO) 
 2956 m2 steel building 1164 m2 fabric on steel bldg. 
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 Quick summary of total development  costs 
 

¶ Upfront planning efforts by owner were not tracked or valued. Minimal up-front  
       permit requirements on private lands (not on a flood plain).          

 

                                                  
             
            
 
                         Ȭ.amgis FN RAS                                                                       Taste of BC RAS 
 
 

 Ȭ.amgis RAS Taste of BC 

 $000  $/kg 
production 

$000  $/kg 
production 

RAS systems 5,068  57%    10.8    913   60%     9.1 

Civil works & site 
prep  

1,542  17%      3.3    186   12%     1.9 

Main building  1,290  15%      2.7    193   13%     1.9 

Aquaculture 
equipment  

    864  10%      1.8      42      3%     0.4 

Other equipment        79     1%      0.2    187    12%      1.9 

TOTAL 
DEVELOPMENT 

8,843 100%   18.8 1,521  100%   15.2 

 
Other: front -end 
 engineering,  
 planning permits  

    
   537 

            
65%  

 None*   

 Pre-production  
 operating  
 expenses 

   295  45%  None*   

TOTAL OTHER    832 100%     
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                        (No chart available for Taste of BC) 
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 Ȭ.amgis facility  
Overview of systems and components  
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Production, purge and quarantine systems are housed in a 2956 m2 (31,823 sq. ft.) steel 
building  with concrete foundation and floors. 
 
The main production system  consists of five, 500m3 fiberglass culture tanks serviced 
by an RAS treatment system which includes tank-side Low Head Oxygenators (LHOs) 
plus a centralized water treatment system comprising rotary drum filters, a CO2 stripper, 
fluidized sand bed biofilter, pump sump, and header tank. The main recirculating flow 
pumps (axial flow type) supply a total flow of about 20,000 gal./min. (90 m3/min.) while 
maintaining the water level in the header tank, which supplies water by gravity to the 
LHOs and biofilters. Flow exiting the LHOs enters the adjoining culture tank and flow 
exiting the biofilters enters the CO2 stripping unit.  
 
Culture tank volumes are exchanged approximately every 45 minutes. Supplemental 
oxygen is generated on site and is supplied to the LHOs (and emergency tank sparging 
system) based on individual tank oxygen levels. Alkalinity is maintained by an automatic 
sodium hydroxide dosing system based on water PH.  
 
A controls  system monitors and regulates pump speed, drum filter backwash cycles, 
oxygen delivery, and sodium hydroxide dosing (for alkalinity control) based on pre-set 
and monitored conditions. An ozone system has recently been added to facilitate removal 
of fine suspended and dissolved solids. 
 

Smolts are purchased from outside sources., so a smaller separate quarantine facility  
(one 250 m3 tank with independent RAS system) was constructed as a biosecurity 
measure.  This ensures that new fish are disease free before moving them in with the rest 
of the population. The Quarantine RAS system is essentially a duplicate of the main 
system at a smaller scale and so serves as an interesting cost comparison. 

A pre-harvest off-flavour purge facility  consists of a 250m3 tank serviced by a partial 
reuse facility, including a recirculating pump, sump header tank, LHO and CO2 stripper. 
Water exchange rates are variable depending on purge needs. Recirculating flow is about 
1500 gal/min. (5700 liters/min. ). Purge discharge water feeds the main production 
system. Controls are similar to the main system but without the alkalinity controls.  
 
Water is supplied from groundwater wells and disinfected with UV dosage of 60mj/cm 2 
(designed for 2x maximum flow). 
 
Effluent : Filter solid wastes (drum filter backwash) flow into gravity thickening tanks. 
These were designed to produce 10% thickened solids (sludge). The sludge that collects 
at the base of these tanks is regularly pumped to a main storage tank, which is emptied 
as required (pumped) to a transport truck. The supernatant from the settlement tanks 
and main effluent from the facility flows by gravity into a chlorination tank, then a de-
chlorination tank, then into one of two infiltration basins, and then to ground. Only one 
basin is used at a time, so regular fallowing can maintain sediment permeability. 
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Geothermal wells provide heat sources and sinks for two heat pumps and heat 
exchangers. The heat pumps move heat to and from the geothermal wells, culture tanks 
(tank base heating/cooling coils) and air heating/cooling units. Building ventilation is 
also used to control air heat retention, humidity/condensation and CO2 levels. 
 
A single backup generator  with automatic switching provides emergency power. 
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3ÉÇÎÉÆÉÃÁÎÔ ÆÁÃÔÏÒÓ ÁÆÆÅÃÔÉÎÇ ÄÅÖÅÌÏÐÍÅÎÔ ÃÏÓÔÓ ÏÆ Ȭ.amgis facility, and 
related opportunities for cost savings  
    
Objective to achieve best fish performance: 
 
Å Conservative water quality criteria were incorporated which increased facility cost, 

including limits on dissolved oxygen, carbon dioxide, total ammonia nitrogen, and 
nitrite nitrogen.  UV disinfection system was designed to provide considerable 
redundancy to ensure stocks were protected. 

Å HVAC system and insulation were installed to control temperatures. 
Å Biosecurity: Smolts are being purchased from outside sources. Therefore, as a 

biosecurity measure a separate quarantine facility (an independent RAS system) was 
constructed to hold newly introduced fish, ensuring that new smolts are disease free 
before moving them in with the rest of the population. 
 

Objective to serve as a model and information source for other RAS developments: 

Å The facility is equipped with additional research-related monitoring equipment for 
many types of system performance metrics, including real time power use on key 
components. The monitoring and control system is designed to maximize data capture 
and storage.  

/ÂÊÅÃÔÉÖÅ ÔÏ ÍÅÅÔ Ȭ.amgis sustainability goals: 

Å The facility has several unique features designed to address environmental questions 
and concerns, including groundwater monitoring wells (for monitoring effluent 
impacts on groundwater quality) and effluent disinfection. These are in addition to the 
ȰÎÏÒÍÁÌȱ ÂÉÏÓÏÌÉÄÓ ÒÅÍÏÖÁÌ ÁÎÄ ÅÆÆÌÕÅÎÔ ÇÒÏÕÎÄ ÄÉÓÃÈÁÒÇÅ ÓÙÓÔÅÍÓȟ ÁÎÄ ÐÁÒÔÉÁÌÌÙ 
ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÔÈÅ ÆÁÃÉÌÉÔÙȭÓ ÐÒÏØÉÍÉÔÙ ÔÏ Á ÓÁÌÍÏÎ-bearing stream. 

Å In order to generate a positive cash flow, the facility had to be capable of providing a 
consistent supply of fish to the markets.  

 
Relatively remote location: 
 
Å Cost efficiencies in purchase, maintenance and transport of materials and equipment 

and considerable savings in terms of living out allowances for workers, competitive 
pricing, direct labour costs etc. could be achieved in a site closer to larger supply and 
service centers. 

 
Objective to expand to commercial scale eventually: 
 
Å 4ÈÅ ÐÒÏÊÅÃÔ ÉÓ ÓÍÁÌÌÅÒ ÔÈÁÎ ×ÈÁÔ ÃÏÕÌÄ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ȰÃÏÍÍÅÒÃÉÁÌ ÓÃÁÌÅȱȟ ×ÈÉÃÈ ÉÓ 

generally thought to be greater than 1000mt/year. Increasing production scale in the 
near future will reduce unit capital (particularly for concrete) and operating costs, as 
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well as risk (redundancies are more affordable).  Original designs made specific 
provision for this by creating a robust system that could be modified or expanded 
easily using proven industrial grade components, components that could be sourced 
and maintained locally, and designs that offered maximum flexibility. 

 
Land ownership: 
 
¶ 4ÈÅ ÓÉÔÅ ÉÓ ÏÎ Ȭ.amgis First Nation Reserve Land 

 
Opportunities for construction cost savings based on this project: 
 
¶ Minimize overlaps between funding, design and construction to ensure effective 

tendering processes and to minimize higher costs resulting from interruptions during 
construction, e.g., 

o Disruption of project task sequencing caused by a delay in heating system 
funding meant the concrete floor and then LHOs had to be installed after the 
roof was in place, and some roof girders had to be replaced to provide access. 

o  Seasonally related cost increases resulted when some summertime activities 
had to be shifted to fall and winter. 

o  Stop-starts incurred additional remobilization and travel costs.  
 

¶ Ensure that engineering assumptions are appropriate for the project.  Standard 
engineering design assumptions are not necessarily appropriate for RAS systems.  
For example, a re-examination of the standard assumptions for the design of 
concrete tank structures resulted in a considerable change in wall thickness (and 
rebar requirements) on many elements with considerable savings.   
 

¶ Develop engineering design standards (best design practices) specifically for land- 
based aquaculture facilities.  Consider, for example, aquaculture-appropriate risk vs. 
cost and longevity vs. technological depreciation.  Similarly, choice of appropriate 
materials and components should take into account all costs, longevity and risk, as 
well as Return On Investment (ROI).  For example, when sizing plumbing, consider 
capital and operating costs as well as hydraulic needs. 
 

¶ Structural designs/ engineering should integrate as many elements of the facility as 

possible to reduce costs.  For example, concrete tank bases, treatment systems and 

building foundations could be integrated into one design so that loads can be shared, 

overall structure complexity reduced and sizing of elements (concrete costs) reduced. 

 
¶ Fabric over steel building structures can be considerably less expensive than pre-

engineered steel buildings if optimal width and minimum scale thresholds for these 
types of buildings are observed during facility design. 
 

¶ Increase use of modular designs and components that are refined and cost efficient to 
build, and reduce engineering cost by amortizing fixed designs over multiple projects. 
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¶ Incorporate consideration of the most cost-efficient construction methods in all new 
designs, e.g. use of precast concrete components or stay-in-place forming. 
 

¶ Increase scale: use larger (>1000m3) and deeper tanks as an avenue to reduced 

capital cost, reduced operating costs and potentially improved fish performance. 

Extend this to the design and construction of other components. 

 

¶ New designs should incorporate consideration of the most cost efficient construction 

methods (e.g., use of precast concrete components or stay in place forming). 

The HVAC system, quarantine tank, and automation contributed to higher electrical costs 
compared with the 4ÁÓÔÅ ÏÆ "#ȭÓ ÆÁÃÉÌÉÔÉÅÓȟ ×ÈÉÃÈ did not include these. 
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Taste of BC  
Overview of systems and components  

 

 
All systems are housed in a fabric on steel frame building  roughly 1164 m2 (12,528 sq. 
ft.). Flooring is primarily gravel with one section of concrete next to the purge facility. 
 
The main production system  consists of 13 fiberglass tanks ranging from 8m3 to 96m3 
serviced by a centralized water treatment system that includes a fluidized sand bed 
biofilter, Low Head Oxygenator (LHO), rotary drum filters, CO2 stripper, pump sump, and 
header tank.  Three recirculating axial flow pumps supply a total flow of 6845 usgpm 
(26m3/min) to the header tank. The header tank supplies water by gravity to the 
adjacent LHO, biofilter and CO2 stripper; flow exiting the LHO enters culture tanks and 
flow exiting the biofilter enters the CO2 stripping unit.  
 
Culture tank  volumes are exchanged approximately once every 20 to 60 minutes 
depending on biomass. Supplemental oxygen is provided from an oxygen generator 
and/or liquid oxygen (LOX) storage tank to the LHOs based on manual adjustment.  
A manually adjusted dosing station using NaOH or CaCl2 solution maintains alkalinity.  
 
The controls system relies on 1) manual response to monitored parameters and alarm 
conditions for key equipment and 2) automatic response to oxygen concentration in the 
main treatment system. Large recirculation pumps and blowers incorporate variable 
speed drives for manual speed control. Smaller pumps and blower use manual on/off 
switches. Influent water supply is regulated using a combination of manual and 
automated (water level) control. 
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An off-flavour purge facility  consists of two, 25m3 fiberglass tanks serviced by a partial 
reuse facility (PRAqua Oxytower) that includes LHO, CO2 stripper and header tank unit. 
Centrifugal pumps with a combined flow of 500 usgpm (1.9m3/min) lift water to the top 
of the header tank. Treated water then flows by gravity to the fish rearing tanks. Controls 
are similar to the main system with the exception of alkalinity control. Purge culture tank 
volumes are exchanged approximately once every 40 minutes. It is anticipated that total 
flow rates in the purge system will average about 21 gal./min. (79.5 liters/min. , 418 l/kg 
annual production) at steady state operation. Purge discharge water feeds the main 
production system. 
 
The main water  supply is pumped from a groundwater supplied pond (artesian), filtered 
through sand then UV disinfected. Influent water is disinfected with a UV dose of 55 
mJ/cm2 (new lamp capacity). 
 
Effluent: Filtered solid wastes (drum filter backwash) flow into septic tanks which serve 
as partial gravity thickening tanks. The settled thickened solids that collect at the base of 
these tanks are pumped out as required to a transport truck. Effluents flow untreated to 
ground through a closed loop system involving a pond/ ditch and wetlands. 
 
At time of writing there was no back-up generator  or heatin g/ cooling system.  A back-
up generator has since been added but was not included in this cost analysis. 
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Significant factors affecting development  costs of Taste of B.C. facility, 
and relate d opportunities for cost savings  
  
Location near city of Nanaimo: 

Å Next to a city that serves as a major supply and service center, including a major RAS 
system and designer, PRAqua Ltd.  

Å Close to Vancouver Island University 

Fish and water factors:   

¶ No quarantine facility was necessary. Certified disease-free trout fry (20g) are 
available every 8 weeks as required.  

¶ Water quality requirements were less stringent compared with ȬNamgis Atlantic 
salmon project. 

¶ The ToBC bioplan is based on grading and transferring the fish three times prior to 
harvest. While this results in better capacity utilization compared with fewer 
handling events, the benefit will be offset to some degree by higher labour costs and 
reduced fish performance.  

/ÂÊÅÃÔÉÖÅ ÔÏ ÒÅÍÁÉÎ ÓÍÁÌÌ ÓÃÁÌÅ ɉρππ ÍÅÔÒÉÃ ÔÏÎÎÅÓȾÙÅÁÒɊȟ ÁÎÄ ÔÏ ÄÅÖÅÌÏÐ Á ȰÆÁÍÉÌÙ ÆÁÒÍȱ 
model for land-based aquaculture: 

Å Adherence to strict capital cost limits and the use of simple, practical and proven 
technologies were priorities.  To achieve these goals, some sacrifice in risk, reliability 
and labour cost were acceptable to the owners. Some examples of cost savings: 

o No heating/cooling system 
o Predominance of manual controls over automation 
o Fabric on steel building with primarily gravel floor 
o No backup generator (initially). It was assumed that oxygen would be able to 

maintain fish for 2 days, and other parameters also manageable for that time. 
o Artesian groundwater supply given minimal UV disinfection 
o Extensive use of used equipment and stringent procurement processes. 

 
¶ The facility will serve as a research and development test facility for PRAqua Ltd.., a 

training facility for Vancouver Island University, and a Canadian "Model Aquafarm" 
demonstration and research facility (http: //www.ipsfad.ca). These additional 
functions can be supported without significant additional capital expense while 
providi ng potential future support and offsets to operating costs, which will help 
meet the challenge of operating on a smaller scale than farms serving mainstream 
markets. 

Land ownership:  

¶ Taste of BC owners/managers live on-site and personally own the freehold land. 
ToBC Aquafarms holds a 20-year lease, under generally accepted commercial lease 
structure and rate (70% of current value amortized over 30 years). 
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¶ Owner/management structure and multiple roles assumed by the owners during 
construction and operation provided savings in non-capital costs. 

Existing equipment included a fish health laboratory, infiltration ditches and pond from a 
small pre-existing trout farm. 
Å Minimal new aquaculture equipment was purchased. 
Å Some trout are grown on-site in an older facility with established equipment. 
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Ȭ.amgis FN and Taste of BC: capital cost comparison  
 

Summary  

Capital costs can be minimized through sacrifices of risk, component longevity, operating 

ÃÏÓÔÓȟ ÆÉÓÈ ÐÅÒÆÏÒÍÁÎÃÅ ÁÎÄȾÏÒ ÄÉÒÅÃÔ ÐÒÏÆÉÔÁÂÉÌÉÔÙȟ ÂÕÔ ÔÈÅ ÅÃÏÎÏÍÉÃ ȰÓ×ÅÅÔ ÓÐÏÔȱ ÉÓ 

difficult to determine.  With the continued sharing of results for these types of projects 

over the next few years, the solutions will become more optimal and ultimately the 

industry more profitable. 

 Ȭ.amgis Taste of B.C. 

Production 470mt/ year  
Atlantic salmon 

100mt/year Rainbow 
trout  
ɉȰSteelhead ÓÁÌÍÏÎȱɊ   

RAS systems $10.80/kg  $9.10/kg    
Main building $2.80/kg ($444/m 2) $1.90/kg ($144/m 2) 

Civil works and other site developments $3.3/kg  $3.7/kg  

Equipment $2.00/kg  $0.42/kg  
Total Develo pment Cost 
 (development cost /kg annual production)  

$19/kg  $15/kg  

 

The Taste of BC facility was built at a considerably lower unit cost compared with the 
Ȭ.amgis FN facility, with differences largely attributable to a number of underlying 
decision elements and trade-offs which should be taken into consideration by developers 
of future RAS facilities: 
 
Location :  

¶ A site close to a major supply, service and labour center helps ensure competitive 

tendering processes, minimize living-out allowances and equipment mobilization 

and other transportation costs. These advantages over a relatively remote 

location carry forward into operating costs involving supplies, services and 

labour.  Cost of land, flood risk, site drainage, water supply and access to 

infrastruct ure such as processing must be taken into account.. 

Land ownership:  

¶ Private land may offer a faster track to a secure lease and asset protection, and be 

therefore more attractive to lenders or investors, compared to special regulated 

situations such as public lands or First Nation sites where there may be  time-
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consuming requirements for government approvals or environmental due 

diligence.   

¶ &ÕÎÄÉÎÇ ÇÁÐÓ ÐÒÏÖÅÄ ÅØÐÅÎÓÉÖÅ ÆÏÒ ÔÈÅ Ȭ.amgis FN development. 

¶ There is no direct evidence regarding how the ownership/management structure 

impacted relative costs, and while owner-operator may prove the lowest-cost 

development model, it depends on the capability of the owner(s).  With the Taste 

of BC owner-operator, costs seemed more easily and efficiently controlled 

becÁÕÓÅ ÔÈÅÒÅ ×ÁÓ ÏÎÌÙ ÏÎÅ ÓÔÁËÅÈÏÌÄÅÒȢ #ÏÎÖÅÒÓÅÌÙȟ ÔÈÅ Ȭ.amgis FN project had 

multiple stakeholders to satisfy, so the number of features and requirements (and 

costs) tended to increase with time.  

     Risk:  

¶ Acceptably higher ToBC risk allowed for cost savings by minimizing equipment 

redundancy, back-up systems, biosecurity measures, etc.  

      Production scale :  

¶ #ÏÍÐÏÎÅÎÔ ÁÎÄ ÉÎÓÔÁÌÌÁÔÉÏÎ ÅÃÏÎÏÍÉÅÓ ÏÆ ÓÃÁÌÅ ÆÏÒ Ȭ.amgis FN meant higher 

capital costs but lower future operating costs. 

      Automation :  

¶ Higher capital costs of more automated feeding, heating and other systems 

established by Ȭ.amgis FN are also expected to pay back in lower operating costs, 

particularly with increasing scale. 

     Species 

¶ Locally, certified disease-free Steelhead salmon fry are available when required 

and have less stringent water quality requirements compared with Atlantic 

salmon. Atlantic salmon smolts are not certified disease-free (so quarantine 

facility required) and availability is limited.     

    Engineering and design:  

¶ Lacking engineering standard best design practices specifically for RAS facility 

construction, ÔÈÅ Ȭ.amgis FN facility was designed using standard industrial 

design engineering practices, which may have resulted in in some components 

being overbuilt in some respects..    

¶ ToBC benefitted from being able to use some existing equipment. 

¶ Fabric on steel buildings (ToBC) can be considerably less expensive than steel 

ÓÔÒÕÃÔÕÒÅÓ ɉȬ.amgis FN), depending on building size and configuration. 
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¶ ToBC budgeted for but did ÎÏÔ ÅÍÐÌÏÙ ÔÅÍÐÅÒÁÔÕÒÅ ÃÏÎÔÒÏÌÓȟ ×ÈÅÒÅÁÓ Ȱ.ÁÍÇÉÓ &. 

installed a heating and cooling system with the expectation of better fish 

performance. There is probably an optimum degree of temperature control that 

will provide the best return on investment.  A system allowing some seasonal drift 

in temperatures is probably more cost efficient than tightly controlling or not 

controlling temperature.  In a temperate climate, use of (a) an insulated building, 

(b) effective management of evaporative cooling in the CO2 stripper or other 

aeration equipment, and (c) fans and ducting to direct air borne heat loads (e.g. 

from mechanical equipment), has the potential to significantly reduce heating and 

cooling needs at minimal cost.  

Comparison of major general specifications , with cost advantages  
 

 
 
  

Category

Comments & Relative Impact (savings= ω) Comments & Relative Impact (savings= ω)

Species Salmon Atlantic salmon Trout Rainbow trout (Steelhead) 

Annual Production
470 mt/year

More production => Better economies of 

scale
ω 100 mt/year

Cohorts/year 3 /year Stock every four months 6.5 /year

Stock every 8 weeks. More stable 

biomass/ Higher throughput.=> Better 

capacity utilization.
ω

54 weeks 45 weeks

Tank management
Fish graded and transferred once prior to 

harvest. Better fish performance

Fish graded once and transferred three 

times prior to harvest. Better capacity 

utilization.
ω

Fry/ smolt size 100 gm 20 gm

Yes
Independent RAS system for new smolts. 

Risk mitigation
No No Quarantine system ω

Harvest size 5000 gm 2000 gm

Harvest schedule bi-weekly (Every two weeks) 17 weeks/cohort weekly 8 weeks/cohort

Total Mortality (with culls) 11% 15%

FCRb 1.05 Lower feed cost ω 1.10

Total feed 494 mt/yr 127 mt/yr

Maximum density 75 kg/m3 80 kg/m3 Slightly better tank utilization ω
TGC (cycle) 2.4 /cycle 2.1 /cycle

Temperature 15 C
Temperature is controlled. Better fish 

performance. 
15 C

Budgeted but not controlled (no heat/cool 

equipment)

Tank turn over 45 min Main production tanks 40 min Main production tanks

Oxygen 100% Better fish performance (?) 80% Reduced Oxygen supply capacity /cost ω

CO2 12 mg/l 16 mg/l Reduced CO2 stripping capacity /cost ω
Unionized Ammonia 0.010 mg/l 0.012 mg/l

Nitrate 75 mg/l 75 mg/l

60 mj/cm2
Risk mitigation (required due to location)

40 mj/cm2
Reduce equipment  capacity requirement. 

ω

Water use (unit average) 550 l/kg feed 330 l/kg feed
Should be the same as NFN given the 

same nitrate limits (?)

Technologies Fluidized Sand Biofilter Fluidized Sand Biofilter

Low head oxygenator Low head oxygenator

CO2 stripper: Flat orifice plate crown nozzles CO2 stripper: Flat orifice plate crown nozzles

Rotary drum filter (54 micron) Rotary drum filter (54 micron)

Dual drain "Cornel style tanks Dual drain "Cornel style tanks

VSA oxygen generator VSA oxygen generator

Ground water supply with UV disinfection Ground water supply with UV disinfection

Production Cycle (average 

weeks)

Metric Metric

Namgis First Nation (NFN) Taste of BC (TOBC)

General 

Quarantine System for new 

fry/smolts

Influent UV dose (end of 

lamp)
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Comparison of RAS system costs  

 

 

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

RAS Systems (1) 5,068 $10.8 /kg 913 $9.1 /kg

RAS Engineering 551 $1.17 /kg 131      $1.31 /kg

RAS x
(359k) Schematic, process, construction 

drawings 
x

Support & 

Commissioning
x (140k) Includes research x

Minimal value engineering and alternative 

concept exploration
ω

Heating & Cooling x (52k) No HVAC system ω

Other

Geotechnical included in Civil works. 

Structural and Electrical engineering 

included in RAS engineering

9         

Total geotechnical, electrical and 

structural engineering for the project. 

Details and scope = ?
ω

Equipment

Tanks 669 $194 /m3

500m3 tanks. Concrete bases, fiberglass 

sides, drains, side boxes, mort recovery, 

etc, Includes assembly/ Installation.. 

Larger tank size

ω 162      $231 /m3

8m3 - 96m3 tanks purchased used. 

Fiberglass sides and bottom. Installation 

not included. No mort recovery. 

Biofilter equipment 226 $0.48 /kg

Fittings & plumbing materials (not 

assembly). Includes Quarantine System. 

Larger system=> better economy of scale 
ω 62       $0.62 /kg No Quarantine system

Gas transfer Equipment 378 $0.80 /kg
Blowers, Tank based LHO's, oxygen 

solenoids, lines to tanks, diffusers etc. 
85       $0.85 /kg Central LHO

530 $1.13 /kg

Concrete work and equipment installation.  

Includes Quarantine system, growout and 

purge systems. 

62 $0.62 /kg
No Quarantine. Concrete only. Equipment 

installation costs in "plumbing". ω

Drum Filter 208 $10- $13 /usgpm 80 micron screen 44 $11.5 /usgpm 54 micron screen

Recirc Pumps 197 $5 - $21 /usgpm Axial flow, 16' TDH 52 $7 /usgpm Axial flow and centrifugal, 13' - 16' TDH

349 $0.74

PLC, SCADA system, motor control 

center. DO, PH and Temperature are 

monitored. Water flows, oxygen supply, 

alkalinity dosing are automatically 

controlled. Includes Quarantine system. 

Better economy of scale

ω 95 $0.95

PLC, Motor control center, 

Instrumentation, Alkalinity dosing system,  

Primarily manual controls/ Minimal 

automation. DO, temperature, PH and 

ORP are monitored. 

Oxygen 152 299 /lpm

2 oxygen generators (VSA, 500lpm) 

Includes installation. Better economy of 

scale
ω 48 388 /lpm

1 oxygen generator (VSA,250 lpm). Does 

not include installation 

Monitoring, Controls and 

Alarm System (MCAS)

Metric Metric

Taste of BC (TOBC)Namgis First Nation (NFN)

Treatment System

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

RAS Systems (2)

Ozone 182 $152
/kg O3 

/hr

1200 gm/hr, Single generator, distributed 

injection (to LHO's), automated control.  

Includes installation. (Future purchase)

0.6 $6
/kg O3 

/hr

100 gm/hr, Single, used generator (15 yr 

old). No controls. Does not include 

installation (Installation budget not 

included in total costs) 

?

Photoperiod Lighting 35
Underwater LED sized and programmed to 

minimize grilse production
0

No specific photoperiod regime. Building 

lighting (included in electrical) + Natural 

light (through building fabric).
ω

Alkalinity Control 5 Automatic NaOH dosing system.
Part of Monitoring and Controls system 

costs (above)

Heating & Cooling 633 $1.35 /kg

Heat pumps, under tank heating coils, 

geothermal well (heat sink), installation. 

Equipment + Install (>400k install).

0
No heating/ cooling system. Temperature 

changes with seasons. ω

Installation Components

$318 /m3
25-35mpa average strength,  $237/m3 

base mix average
$163 /m3

Total Cost= $52,842. 26 mpa average 

strength (10-32mpa), $132/m3 base mix 

average (lower unit cost concrete mix)
ω

$2.41 /kg

Total cost = $1,131,000. Includes 

quarantine system, purge treatment 

system, forklift capable concrete floor, 

tank bases, steel building foundation, 

Higher seismic rating than Nanaimo

$1.28 /kg

Total cost =$127,719. Includes main 

treatment system, fabric on steel building 

foundation, partial concrete floor. Note: 

Tank bases are fiberglass. 

ω

185 $0.39 /kg

Includes quarantine system, more 

automation/ controls and some redundant 

wiring. Electrician = $70/hr

8 $0.08 /kg

No Quarantine, simple controls, 

Electrician = $60/hr, relative component 

quality = ?
ω

Plumbing 444 $0.94 /kg

Materials, labour, fill/ excavation. 

Excludes plumbing at tanks, treatment 

system and oxygen system (about 60k). 

125 $1.25 /kg

The effluent valve is self actuating. All 

other valves are manual

Management & Planning 151
Construction management & LOA for RAS 

installation only

Included in Misc below. No living out 

allowance (LOA)
ω

Freight 43 Equipment freight (including sand !) Included in other costs

Misc 132
Insurance, equipment mobilization, facility 

footprint development & fill
29       

Unclassified RAS supplies, invoice 

adjustments etc.No construction 

insurance. Minimal mobilization costs
ω

Taste of BC (TOBC)

Electrical- Component 

Connection

Namgis First Nation (NFN)

Metric

Concrete Mix

Concrete Total

Metric
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           Comparison of equipment and main building costs   
 

 

 
 
 
 

 
 

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

853 $1.8 /kg 42.3 $0.42 /kg

Feeding 186
Central feed system and bulk storage 

hoppers. 1.3

Four demand feeders. Mostly feeding by 

hand
ω

Fish handling 307 fish pump, grader, pipes, fish Crowder 0 Use dip nets for all fish movement ω

Inventory 28
fish counters (Note: biomass scanners are 

leased)
0 Use hand counters ω

Harvesting 155 percussion stunners, chutes 30 Estimate. Equipment has not been purchased

Lab and Other 177

Lab, cameras, mort storage, 

"contingency" (used primarily for fish 

handling)

11

Estimate of purchased and existing water 

quality and lab equipment

Other Equipment 79 $0.2 /kg $0.00 /kg Using existing site equipment ω
Lifting 24 0

Health & Safety & Security 18 0 Use existing site equipment

Tools & Maintenance 25 0
Existing site tools and tools purchased 

during construction (in costs above). 

Office 6 0 Equipment in existing residence

Communications and IT 3 0 Equipment in existing residence

vehicle 3 0 Use owners existing vehicle.

Aquaculture 

Equipment

Taste of BC (TOBC)Namgis First Nation (NFN)

MetricMetric

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

Main Building 1,311 $444 /m2 Insulated, 2956 m2 (31,823 sq ft) 193 $144 /m2 No insulation, 1346m2 (14,490 sq ft)

Design-Build building 635 $215 /m2

$20/sq ft Pre-engineered steel building 

with steel cladding. Insulated, Roof venting 

and access hatches, several doors.

167 $124 /m2

$12/ sq ft. Fabric on steel building (lower 

cost). No insulation, No roof vents, One 

door
ω

Foundation 287 $97 /m2

$9/sq ft. Higher concrete mix costs, 

Larger foundation required for heavier 

building, higher seismic rating. 

18 $14 /m2

$1/ sq ft. Smaller foundation due to lighter 

building and lower seismic rating. 

Foundation not engineered (?)
ω

Floor 160 $109 /m2 Forklift capable floor throughout 7 $5 /m2 2400sq ft / 17% concrete + 83% gravel ω

Interior structures 174

Includes building electrical, walls/ interior 

cladding (7 rooms and mezzanine), 

grading station, washrooms, lab.  

One room, no internal structures ω

Over tank lifting beams 54 Lifting I-Beams over every tank no overhead lifting capacity

Taste of BC (TOBC)Namgis First Nation (NFN)

MetricMetric

Category

Cost (k) Comments & Relative Impact (savings= x) Cost (k) Comments & Relative Impact (savings= x)

Main Building 193 $144 /m2 No insulation, 1346m2 (14,490 sq ft) 1,311 $444 /m2 Insulated, 2956 m2 (31,823 sq ft)

Design-Build building 167 $124 /m2

$12/ sq ft. Fabric on steel building (lower 

cost). No insulation, No roof vents, One 

door

x 635 $215 /m2

$20/sq ft Pre-engineered steel building 

with steel cladding. Insulated, Roof venting 

and access hatches, several doors.

Foundation 18 $14 /m2

$1/ sq ft. Smaller foundation due to lighter 

building and lower seismic rating. 

Foundation not engineered (?)

x 287 $97 /m2

$9/sq ft. Higher concrete mix costs, 

Larger foundation required for heavier 

building, higher seismic rating. 

Floor 7 $5 /m2 2400sq ft / 17% concrete + 83% gravel x 160 $109 /m2 Forklift capable floor throughout

Interior structures One room, no internal structures x 174

Includes building electrical, walls/ interior 

cladding (7 rooms and mezzanine), 

grading station, washrooms, lab.  

Over tank lifting beams no overhead lifting capacity 54 Lifting I-Beams over every tank

Taste of BC (TOBC) Namgis First Nation (NFN)

Metric Metric
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Comparison of civil works, pre -construction and miscellaneous site 
development costs  

 

 

 

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

1,542 $3.3 /kg 373 $3.7 /kg

Engineering 35 $0.07 /kg

Geotechnical. Full site assessment (with 

samples) then inspections during 

construction.

Geotechnical assessment (Visual, $200) 

part of RAS engineering

220 $0.47 /kg

Construction management, Accounting 

services, LOA,  Equipment mobilization 

for Civil work and all other work.

150 $1.50 /kg
Construction & Project Management, 

Administrative services for all work

Site preparation 311 0.66 /kg 152 $1.5 /kg

Clearing & Debris 

removal
x

(62k) Clearing offset by timber sales. 150 

truck loads of stumps ! Debris chipped 

and stored on site.
ω x

Fill x

(249k) Most fill sourced on-site. Primarily 

excavation costs. Fill required to raise 

road and building site above flood risk 

elevation. 

ω x

Includes removal and rebuilding 3.6m of 

material/ fill to deal with site drainage 

issues. 

Environmental 37

Archaeological monitoring during clearing,  

Installation of groundwater monitoring 

wells.

0
No environmental or archaeological 

monitoring work required- private lands) ω

Effluents

Sludge thickening and 

storage system.
111

Purpose built gravity thickening tanks, 

sludge storage tank, sludge pump, 

installation.

0
Two septic tanks. Installation part of Site 

Preparation.

Infiltration Basins 111

Engineered Infiltration basin. Excavation 

costs recorded as Fill cost. Includes 

engineering and plumbing. 

0

No engineered infiltration basin. Used 

existing pond a ditches as infiltration 

structures.
ω

Effluent disinfection 37
Chlorination/ De-chlorination system 

installed due to stakeholder concerns 0
No effluent disinfection required ω

Effluent other 24 Domestic sewage field, tank and plumbing 0
No domestic sewage system (Use  

existing washroom residence)
ω

Supply Water $0.5 /kg $0.1 /kg

Wells, pumps & hookup 188

Three production wells. Excludes 

geothermal well. Includes well developed 

prior to start of construction

0.4

Spring fed (artesian) water source. No 

drilling required. Use submersible pump in 

pond.
ω

UV treatment 32 $118 /usgpm

2 units in parallel each 60mj/cm2 @ 

135gpm & 90% Transmissivity. High dose 

required due proximity to salmon bearing 

river.

7.5 $139 /usgpm
1 unit @ 40mj/cm2, 54usgpm, 90% 

transmissivity. (no backup)
ω

Power

Main supply 64 800amp, Three phase 347/600v service 20 600amp, Single phase 480/600v service

Back up Power 167
generator (300kva, 600v), electrical 

switching, fuel storage
0

No back up power. Will rely on 2 day 

oxygen supply and not worry about other 

parameters
ω

Other Structures 206
Office Building, Harvest area, Site lighting, 

Gates and Fencing
5.6

Storage container (feed). Office is in 

existing residence.

Misc Costs 37 Unclassified development costs

Management, Planning and 

General Civil

Civil Works & Misc 

Site Development

Metric

Taste of BC (TOBC)Namgis First Nation (NFN)

Metric

Category

Cost (k) Comments & Relative Impact (savings= ω) Cost (k) Comments & Relative Impact (savings= ω)

537 0 ω

Environment & Permitting 43
CEAA screening, DFO License, FH 

management plan, Archaeological survey
0

No CEAA screening or Pre-Construction 

surveys required. Other permitting 

included in management costs above

378
Business plan, project management, 

market research, funding management
0 Included in Management costs above

Site Assessment & Survey 59 flood risk, groundwater survey 0 No surveys required

57 Early concept designs and cost estimates 0
No early concept designs developed

295 0 ω

Recruitment 60
Owner is facility manager. Staff are 

students from local college

97

Other 138
Supplies, Communications, Sm 

Equipment, Admin, Loan Interest, heating
? Pre-operational expenses not identified

Salaries & Benefits (pre-

operational)

Project Management, 

Planning  & Admin

Taste of BC (TOBC)Namgis First Nation (NFN)

MetricMetric

Front End 

Engineering, 

Planning and 

Pre Production 

Operating  

Preliminary Engineering 

and Design
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Appendix 1 ς Ψbamgis FN facility  
________________________________________________ 

Detailed breakdown of system components and costs, with 
opportunities for cost savings  
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Ȭ.amgis FN RAS Components 
 

RAS Systems Summaries 

 

Main Production Facility 
The main production facility represented about 67% of total RAS system costs. However, 
it supported about 89% of the total production. The capital cost for the installed 
equipment was about $8/mt of annual production. 

Quarantine Facility 
The quarantine facility represented about 18% of the RAS system cost. However, it only 
supported about 11% of the total production. The quarantine facility was a completely 
separate system (in a separate, biosecure room) whose purpose was to isolate and rear 
new smolts for the first four months to ensure no disease was introduced into the main 
facility and fish. The quarantine RAS system was a miniature version of the main RAS 
systems, albeit with a reduced level of redundancy. 
 
The capital cost for the installed equipment was about $18/mt of annual production.  
 
Opportunity for reducing costs: 
¶ Eliminate the need for a quarantine facility (separate RAS system) through the use of 

an on-site hatchery or access to appropriately certified disease-free stocks. Small RAS 

systems, such as that for the quarantine facility used here, are expensive.  However, 

the main production system would need to be larger and have one additional tank to 

support the same total production.  
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Purge Facility 

The purge facility (installed equipment) represented about 5% of total RAS system costs.  
 
Opportunity for reducing costs: 
 
¶ A larger production facility or additional modular facilities would still only require 

one purge facility, with fish pumped to a central location for purge and harvesting. 

However, two tanks would be more optimal so that a weekly harvest schedule and up 

to 14 days of purge (if required) could be used The current system is designed to 

deliver purged fish every two weeks. 
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RAS components 

Tanks 
 

 

 
 
Tanks represented about 13% of RAS system cost and 7.5% of total costs.  
 
Tank costs included fiberglass sides, side boxes, mort recovery system, associated 
plumbing, concrete bases, under tank fill and assembly. While the tank base unit area 
cost less than tanks walls and equipment, changes in tank base area impacts building 
costs (e.g. $161/m2 base cost+ $312/m2 building cost = $473/m2 effective cost of area 
increase). Therefore, increasing tank widths strongly impacts total costs.   
 
Tank equipment made up almost 50% of the tank costs. Equipment cost included tank 
wall (55%), inlet structure (13%), jump screen (13%), bottom drain and mort recovery 
(11%) and side box (9%). The assembled fiberglass tank sides cost slightly more than if 
they were built in concrete (ψȱ ÔÈÉÃËɊ ÕÓÉÎÇ Á ÍÏÄÕÌÁÒ ÆÏÒÍÉÎÇ ÐÒÏÃÅÓÓ ÓÕÃÈ ÁÓ /ÃÔÁÆÏrm 
(www.octaform.com). This cost differential would be greater if the project were located 
near a major center with lower concrete costs or if the tanks were larger. 
 
Opportunities for cost savings:  
¶ Use larger (fewer) and deeper tanks to: (1) reduce capital costs (including tank cost, 

building size, required working area/walkways, monitoring and controls, etc.), (2) 

reduce operating cost (labour), and (3) Improve fish performance.  Use of deeper 

http://www.octaform.com/
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tanks (smaller diameter to depth ratio) will require some research to confirm 

hydraulics will be effective to provide minimal water quality variation (ensure there 

are no water quality hot spots) and self-cleaning. Increased use of center drain flows 

to support self-cleaning attributes would probably be required.  As tank size 

increases, use of tank-centric water treatment and control systems may be more cost 

efficient (e.g. CO2 stripping and oxygen addition) due to the large volumes of water 

that have to be moved through treatment 

¶ Use modular forming or precast concrete for the construction of large tanks 

(>500m3). 

Biofiltration  

Biofilter costs (excluding concrete) 

 

Biofilter costs (Including concrete) 
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The biofilter equipment alone represented about 4% of total RAS system costs. 
Fluidized sand biofilters (nitrification biofilters) were designed and constructed as part 
of a multi-function concrete treatment system that included CO2 strippers, pump sump, 
header tank and drum filters. 4ÈÅ ÍÁÉÎ ÂÉÏÆÉÌÔÅÒ ×ÁÓ ÍÁÄÅ ÏÆ ÆÉÖÅ ρφȭØρφȭØρςȢυȭ ÃÅÌÌÓȢ  
 
Concrete was a major cost component. Sharing concrete walls with other water 
treatment components reduced overall costs and footprint of the central treatment area, 
but made concrete forms complicated and therefore formwork more expensive. 
Unfortunately, the concrete slab and wall costs could not easily be separated out for each 
treatment process in the main treatment systems. However, based on the use of 
approximate wall and slab volumes, approximately 60% of the treatment system 
concrete costs could be assigned to biofiltration. Note: Concrete was not included with 
other RAS components in the cost analysis.   
 
Opportunities for cost savings: 
¶ Reduce complexity of the biofilter design to reduce concrete formwork cost. This 

would allow for the use of more cost-efficient concrete construction approaches. 

See Opportunities for Concrete Construction.  

¶ !ÄÄ ÏØÙÇÅÎ ÔÏ ÔÈÅ ÓÁÎÄ ÂÉÏÆÉÌÔÅÒÓ ɉȰÔÕÒÂÏ ÃÈÁÒÇÅȱɊ ÔÏ ÉÎÃÒÅÁÓÅ ÂÉÏÌÏÇÉÃÁÌ ÅÆÆÉÃÉÅÎÃÙ 

and reduce total volume requirements. 
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Recirculating pumps  

 
 
Axial flow style pumps (vertical turbine, shaft drive) provided recirculating water flow., 
and were chosen for their energy efficiency (80%) and historic reliability.   These 
represented about 4% of RAS system costs. Given their critical life support function and 
impact on total power cost , the use of high quality (reliable and efficient) pumps is well 
justified.  
 
Three pumps were used for the grow-out system to provide reasonable redundancy in 
case of pump failure. Note: Only one pump is required to keep sand filter fluidized.  
Two pumps were used for the quarantine system, and one for the purge system. 
 
Pump materials: HDPE pumps were rejected because of limited choice of configuration 
and price.   Stainless pumps were rejected because of price (3x regular carbon steel). 
Epoxy coated carbon steel was the final choice. Agricultural grade pumps rather than 
industrial grade were chosen for their cost, although quality/ reliability was not as good.  
 
Note: There were warranty issues with the first pumps received and the system supplier 
replaced them. Through the process of resolving the issues, the following lessons were 
learned: 
¶ Ensure all pumps are in-place and tested well before delivery of fish. A back-up plan 

needs to be in place in case of failure at start up. 

¶ Ensure transport and installation procedures are clearly communicated and there is a 

clear chain of custody and responsibility for this work. Note: These types of pumps 

can easily go out of alignment if jarred during transport.   

¶ Start up and early running of the pumps and conditions (e.g. sump water depth) 

should be closely monitored and recorded to ensure performance meets 

specifications. 

¶ Clearly understand the warranty terms and reputation of the vendors and products 

prior to purchasing. 

¶ Ensure the facility design and pump characteristics are exactly harmonized (e.g. 

pump sump wall clearances, depth over suction point, dynamic head, etc.) 
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Opportunities for pump cost savings:  
¶ Pump redundancy is essential but very expensive: use of several small pumps will be 

more expensive than a few large pumps (risk vs. cost decision). Therefore employing 

the minimum number of pumps to ensure adequate redundancy and risk mitigation 

should be the goal.  Risk can also be minimized by ensuring quality and reliability are 

ÈÉÇÈȢ 4ÒÙ ÔÏ ÓÅÌÅÃÔ ȰÉÎÄÕÓÔÒÉÁÌȱ ÇÒÁÄÅ ÁÓ ÏÐÐÏÓÅÄ ÔÏ ȰÁÇÒÉÃÕÌÔÕÒÁÌȱ ÇÒÁÄÅ ÐÕÍÐÓ ÆÒÏÍ 

reputable manufacturers.  

¶ Maximize energy efficiency by minimizing the time pumps are spend outside their 

efficient rpm range by: 1) Use of a bioplan where loading and therefore recirculation 

flow needs are relatively constant. 2) Have some pumps turn off rather than turn 

down during extended low load periods. 

 

Suspended solids removal (drum filters)  
 

 

Drum filters (rotary style) alone represented 4% of RAS system cost. However, this did 
not include controls to manage the backwash function, concrete basin or installation.  
Three drum filters were used for the grow-out system and one for the quarantine system.  
 
Note: The drum filters were sized and plumbed to receive both bottom and side drain 
flows from the culture tanks. Screen size (80 micron) was larger than used on other RAS 
salmon installations but represented an optimal size based on recent published research 
findings.  
 
Opportunities for cost savings: 
¶ If available, use larger, fewer drum filters to reduce costs. However, there should be 

at least two in any system to provide appropriate redundancy. 

¶ Reduce drum filter capacity requirements by directing only bottom drain flows 

ÔÈÒÏÕÇÈ ÔÈÅ ÄÒÕÍ ÆÉÌÔÅÒÓ ɉÄÏÎȭÔ ÆÉÌÔer the side drain flow). 
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Ozone system (dissolved and ultrafine solids removal)  

 

Note: An ozone system representing about 4% of RAS system costs, has just been 
installed. The system utilizes a central bank of generators with tank based monitoring, 
control and ozone injection system.  ORP probes at each tank inlet provide the basis for 
feedback and control of dosing.   
 
Ozone (and oxygen) is dosed into the Low Head Oxygenators (LHOs) just prior to the 
tanks. Locating the contact point at the LHOs will provide the benefit of conserving the 
oxygen produced from ozone break down. Tank inlet ORP probes are used to regulate O3 
delivery (on/off control) to each tank. Product concentration will be manually set. Since 
the ORP probes are relatively small cost components but provide a very critical function, 
they should be of high quality and from a proven manufacturer.  
Note: ORP probe measurements are affected by any changes in water chemistry that 
affect redox potential. They are also reported to be sensitive to grounding issues (e.g. 
induced voltage charges in the water). Hence accuracy may be be low and therefore need 
to be confirmed if these probes are used to control ozone dosing.   
 
Opportunities for cost savings: 
¶ Requirements for ozone may be less or negated if dissolved solids or ultrafine 

particles were removed by other means (e.g. fixed bed biofilter system, foam 

fractionation {in saltwater}, etc.) 

¶ Ozone may also be used as a method to reduce metal accumulation in highly 

recirculated systems if they accumulate (e.g. systems employing de-nitrification 

biofilters where water use is less than a few percent per day). 
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Oxygen generators 

 

These represented 3% of RAS system cost. Given their critical, life support function and 
impact on total power cost, the use of high quality (reliable and efficient) generators is 
well justified. Two generators have been purchased. A third is planned/ budgeted. In 
addition, a liquid oxygen (LOX) system has recently been installed to provide additional 
supply security. Note: liquid oxygen costs substantially more than generated oxygen at 
this location (see above) so its use as a primary oxygen source was not justified. 
 
Opportunities for cost savings: 
¶ The use of LOX to offset peak demand loads and consequently allow the use of a 

smaller generated supply system. 
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Monitoring and controls  

 

Monitoring and Controls represented 7% of RAS system cost. This included: 
instrumentation, motor controls, computing hardware, software and programming, and 
power use-monitoring equipment.  
 
ThÅ ÓÙÓÔÅÍ ×ÁÓ ÄÅÓÉÇÎÅÄ ÔÏ ÍÅÅÔ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÒÅÑÕÉÒÅÍÅÎÔÓȡ  ÕÓÅ ÏÆ ȰÉÎÄÕÓÔÒÉÁÌ ÇÒÁÄÅȾ 
ÈÉÇÈ ÑÕÁÌÉÔÙȱ ÃÏÍÐÏÎÅÎÔÓȠ ÕÓÅ ÏÆ ÓÔÁÎÄÁÒÄ ÃÏÍÐÏÎÅÎÔÓ ×ÈÅÒÅ ÌÏÃÁÌÌÙ ÁÖÁÉÌÁÂÌÅ ÁÎÄ 
serviced (including programming); meeting all facility needs including a moderate 
degree of automation, and capacity for easy modification and expansion.  A fully 
customized solution was therefore developed, and the cost was higher than many of the 
available more standardized, off-the-shelf control solutions.  
 
The system included 49 motor controls, 45 switches and sensors, and 38 alarms. While 
the extensive use of industrial quality components (e.g. Allen Bradley) resulted in high 
initial costs, the system should provide long-term reliability.  
  
A Modbus system for data communication was employed (power and signal carried in 
the same cable), but an Ethernet-based system (signal only, multiple controls through 
one cable) may have been a more cost-efficient option.  
 
Opportunities for cost savings: 
¶ Reduce level of automation to improve reliability, reduce management complexity, 

and reduce capital cost. This would also force staff to be more alert to ongoing 

ÃÈÁÎÇÅÓ ÔÏ ÔÈÅ ÓÙÓÔÅÍȟ ÁÓ ÔÈÅÙȟ ÒÁÔÈÅÒ ÔÈÁÎ ȰÔÈÅ ÍÁÃÈÉÎÅȱȟ ×ÏÕÌÄ ÂÅ ÍÁËÉÎÇ ÔÈÅ 

adjustments.  With this approach, the monitoring and manual controls systems would 

still need to be very reliable and easy to use. 
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¶ Match the quality of the components to project needs (also see engineering and 

ÄÅÓÉÇÎ ÃÏÍÍÅÎÔÓɊȢ &ÏÒ ÅØÁÍÐÌÅȟ ÅÍÐÌÏÙ ȰÉÎÄÕÓÔÒÉÁÌ ÑÕÁÌÉÔÙȱ ɉÈÉÇÈ ÃÏÓÔɊ ÃÏÍÐÏÎÅÎÔÓ 

only for critical or high-duty cycle functions and use lower, appropriate component 

grades for functions that are less critical.  

¶ Reduce or eliminate the use of VFD for controlling recirculation pumps (see 

recirculating pumps, above). Use a series of pumps that are either on or off. This 

would reduce the complexity and cost of controls and may improve energy efficiency, 

since the pumps would only be operating at optimal flow.   Use of more pumps would 

also improve redundancy/reduce risk. The negative aspect of this would be that total 

pump costs would be higher and there would be less flexibility for decreasing energy 

use when the system is lightly loaded. Note: In this project, the recirculation pumps 

cost less than the control systems. VFDs alone were about 50% of pump cost. 

¶ Use one of the lower cost, off-the-shelf, modular systems. These are becoming more 

sophisticated in terms of customization and flexibility, and costs are dropping as the 

number of systems in use increases. The sacrifice in flexibility may be more than 

offset in the capital cost savings.  
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Gas Transfer (CO2 stripper and LHO)  
 

 
 
Gas transfer equipment represented 7% of RAS system cost. For each tank, oxygen was 
added through use of a single fiberglass, Low Head Oxygenator (LHO).  Within the main 
treatment facilities, CO2 stripping (and some oxygen addition) was accomplished using a 
flat orifice plate with crown nozzles (to break up water). The water passes through the 
crown nozzles and falls as a dispersed stream to the pump sump below. Blowers draw air 
under the orifice plate where it contacts the falling water and gas exchange takes place. 
The equipment cost did not include the concrete structures that were integral to the CO2 
strippers. These were part of the whole concrete treatment facility that included the 
pump sumps, header tanks and biofilter, and the costs could not be separated out. 
 
Opportunities for cost savings: 
¶ Employ a centralized the LHO facility (part of the main treatment system) with 

individually controlled subsections devoted to each tank. This would lower 

construction cost, although it would then require piping from the LHO to individual 

tanks rather than use of a common distribution line and manifold.  

¶ Use fewer, larger blowers since blower cost efficiency ($/cfm) was very dependent on 

scale (as long as some equipment redundancy is maintained). 

¶ Use in-tank de-ÇÁÓÓÉÎÇ ÁÎÄȾÏÒ ÏØÙÇÅÎÁÔÉÏÎ ÉÎ ȰÄÅÅÐȱ ÔÁÎËÓ ÔÏ ÒÅÄÕÃÅ ÖÏÌÕÍÅ ÏÆ 

required recirculation flows and external (to tank) oxygenation systems. This would 

reduce both capital and pumping costs although some sacrifice in oxygen transfer 

efficiency would result.  

¶ Use main (deep) header tank for primary oxygen injection (raise to 100% saturation) 

then top up oxygen at the tanks using a smaller side stream LHO at each tank.  


