
October, 2024 

Land-Based RAS production of  Atlantic salmon near Vredenburg 

on the West Cape Coast,  Western Cape,  South Africa 

OceanSmart™ 

FSRI 



Norway alone exported around 4,200 tonnes to South Africa in 2014 attributed to the rise in domestic 

consumption of sushi-sashimi in the country’s many sushi bars and seafood restaurant chains. Imports 

have since climbed to over 5,000 tonnes worth over R1 Bn [for 5-6kg Head-on-Gutted (HoG) farmed 

Atlantic salmon from Norway [See the following link to the NASDAQ Salmon Index for latest pricing < 

https://salmonprice.nasdaqomxtrader.com/public/report;jsessionid=F3FB4F51AAE2445A22DAB264EED3

DD15?0 >] attributed to the widespread popularity and availability of salmon based sushi meals. 

INTRODUCTION 

South Africa currently imports over 5,000 tonnes/year of Atlantic salmon (Salmo salar) a high-value 

marine salmonid fish species at a premium for air freighted fresh product, required for the local sushi 

market, adding around US$1.80/kg in air freight and related charges supplied mostly by Norway. 
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“Up to 80 per cent of all seafood used in sushi in 

South Africa is salmon, so we can safely say that 

salmon has a very strong position in sushi,” say 

Nofima researchers Geir Sogn-Grundvåg and 

Morten Heide of Nofima one of the largest 

institutes for applied research within the fields of 

fisheries, aquaculture and food research in 

Europe (Seafarmingexpert, 2015). 

Salmon is the main feature in sushi across all 

seafood restaurant chains, over 250 

restaurants in South Africa 

 

Ocean Basket, John Dory’s, Cape Town Fish 

market and many, many more... 
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Salmon for in-store sushi, or as frozen fillets and steaks, 

or processed gravlax, smoked and thinly sliced, and 

other added value portions has become popular across 

many supermarket multiples in South Africa.... 
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Freshness for sushi is key.... 
 

By the time Norwegian salmon arrives at OR Tambo Airport from Oslo, Norway, with a very high carbon footprint, 
already more than 48 hours have elapsed since the time of  harvest...not fresh enough for sushi... 

Salmon is an established market in South Africa for import replacement.  Then it follows that locally farmed would offer 
a fresher product by around 18 hours or more (12 hour delivery anywhere in South Africa from the west Cape coast) 
produced to the highest standards. Atlantic salmon, then, is a prime aquaculture business opportunity in South Africa 
at this time......a myriad of product forms.....particularly when locally farmed and more affordable fresh Atlantic 
salmon become available year-round and on tap... 

A troubling development: Air freight emissions increase beyond post pandemic economy  

< https://www.theguardian.com/environment/article/2024/jun/26/air-freight-greenhouse-gas-emissions-increase-post-
pandemic-economy  > 
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No competition..barriers  to entry, this follows based upon the unsuccessful short 

history of salmon farming in South Africa 
 

→ Safriel and Bruton (1984) mention Atlantic salmon (Salmo salar L) as a potential candidate 

aquaculture species in South Africa, and again Hecht and Britz (1990) again mention Atlantic 

salmon (Salmo salar L) as a potential candidate aquaculture species in South Africa; 

→ Kourie (1994) authored the first dedicated report entitled, “Potential for Atlantic salmon (Salmo 

salar L) farming in South Africa”. The report introduces a second generation land-based pump 

ashore tank farming technology for prototyping ahead of any serious investment into sizable 

salmon farming operations as a more sustainable and biosecure approach when gauged against 

typical net pen salmon farming. No investment into the pilot plant occurred at the time, and the 

whole program to establish land-based salmon farming went dormant. 

→ 2005 sees the first pilot scale net pen Atlantic salmon farm established by Salmo Salar Sea 

Farming (Pty) Ltd just 1km from Kleinbaai (Gansbaai). Several incidents brought about the 

closure of the net pen farm among them, storm damage to cage structures and repeated losses 

of salmon stocks to escapes apart from pressure from local lobbyists and negative press [see 

articles below]. 

→ In June 2015 after seven months into an Atlantic salmon cage culture trail near Saldanha Bay 

Three Streams Holdings (Pty) Ltd deems marine salmon farming as 'not viable,‘ quoting Gregory 

Stubbs, the CEO, who believes a land-based approach may be a better option. 

→ A third cage culture production trial is underway in Saldanha Bay owned by Viking Fishing which 

has received allot of negative public opinion (Carte Blanche, a few months ago) – the same 

technical challenges remain unconquered. 
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Salmon Farming in SA? Farmers Weekly, 16 September 1994 issue 
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Negative perceptions and press coverage of the 

Gansbaai net pen salmon farm 
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Cage or net pen culture is viewed negatively in South Africa 
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Past experience, namely two production trials raising Atlantic salmon smolts in net pens in 

Gansbaai and Saldanha Bay present intrepid cage farmers with hurdles that are difficult to 

surmount including; 

→ Extreme biofouling and the high risks of storm damage and stock escapes.  

→ Risks to great white sharks becoming entangled in predator proof nets as well as whales and 

other marine fauna. 

→ High risks of toxic algal blooms such as Gymnodinium spp.  

→ Lack of biosecurity (impossible in net pens in the open ocean) and disease risks both forwards 

from wild fish to farmed salmon and backwards from farmed salmon to wild fish posses 

additional risks. 

→ And by far the biggest hurdle - strong community opposition to cage/net pen farming in the 

two regions, namely the south west Cape coast (Cape Hangklip to Cape Agulhas) and west 

Cape coast (Saldanha Bay).  

2nd generation land-based pump ashore tank culture proposed by Kourie (1994) seemed to offer a 

technically plausible, economically viable and environmentally more palatable approach. While, 

developments in land-based Recirculation Aquaculture Systems (RAS) offers the answers to 

practically all the challenges posed by the marine grow-out phase of Atlantic salmon including far 

less concerns by local residents!!! 

RAS technology know-how and experience exists both from within South Africa – and from abroad 

within the EU, USA, Israel, Denmark, Norway etc.  

A checkered past and an troubled future for cage farming in the oceans in South Africa 
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The solution = Land-Based Zero-Discharge Recirculation Aquaculture System (RAS) 
built into an Integrated Multi-Trophic Aquaculture (IMTA) system  

The obvious question then... 

Is RAS technology viable for the marine grow-out phase of Atlantic salmon in South Africa? 

Most scientists all over the world would agree that RAS is the ultimate objective in fish farming; zero 

pollution to recipient waters, offers unmatched biosecurity, the opportunity to produce chemically free 

farmed fish - eco-friendly and organic certification - the culture non-ambient genotypes, allows for the 

placement of farms in any climate of the world (some RAS) and removes concerns about site water 

availability.  

The SAFF-marine RAS producing the Guilthead sea bream 
(Sparus aurata) in Tartous, Syria in 2009. 

Close-up of Guilthead sea 
bream in a SAFF-marine RAS 
in Tartous, Syria in 2009. 
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RAS also permits far more control over husbandry, feeding practices, and inventories often enabling 

producers to supply fish in response to market triggers or enables year-round production in marginal or 

otherwise unsuitable climates for the species being reared.  

The main drawback to the successful widespread use of RAS, both in the developed and developing 

world, has been cost on the one hand and complexity on the other – where current RAS operations have 

not yet demonstrated economic competitiveness both repeatedly and conclusively.  

Traditional forms of fish farming or aquaculture such as cage culture, earth pond based farming and the 

use of flow-through raceway systems have been shown to produce fish at lower costs compared to most 

RAS, although some of which result in nutrient pollution to recipient waters viz. cage culture in public 

waters, flow-through raceway tank culture and all of which are classified as “open-systems”  vulnerable to 

the elements and  infectious disease agents (non-biosecure) etc. 

Ramon Kourie an Aquaculture Expert with 38 years of international experience introduced a 

new generation of RAS technology to the world in the year 2000 which was reported upon in 

2004 in the Famers Weekly magazine article by Steve McVeigh [see overleaf]. The technology 

involves a bespoke and highly integrated design of RAS based upon an efficient and practicable 

husbandry and stock management philosophy, feeding practices founded on the principles of 

bioenergetics and sensible engineering economics, all air operated under very low head-losses 

[< 0.1m, height water is lifted for conveyance and treatment]. 

Two more SAFF-RAS farms were developed, the second a larger scale tilapia 25 tonne per 

annum RAS in Malawi  (2006) and the third a 50 tonne per annum marine RAS in Tartous, Syria 

(2009) raising Sea bream (Sparus aurata). 
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The answer to the question posed, “Is RAS technology viable for the marine grow-out phase of Atlantic 

salmon in South Africa?” is a very definitive yes…read on below for more details. 
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The first prototype SAFF–RAS... year 2000...24 years ago. 

Highly space efficient Integrated design  A high degree of locally sourced inputs 
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The second larger scale 25 tonne per annum freshwater tilapia SAFF-RAS in 

Malawi in the year 2006 some 18 years ago. 

Superior rearing 

environment 

High degree of 

uniformity of highly 

beneficial horizontal 

water velocities 
Reduced energy 

input 

The use of three major 

reduced head loss water 

treatment processes 

integrated into the RAS tank 

system 
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A third , a marine finfish SAFF-RAS capable of producing 50 tonnes 

per annum  of Sea bream in the year 2009 some 15 years ago. 

The SAFF-RAS a winning combination of  simple but highly efficient technology developed for 

the Global South resulting in a least-cost approach to fish production based upon tried and 

tested practical husbandry and stock management practices, the principles of bioenergetics 

applied to feeding regimes and a sensible approach to design integration and engineering 

economics, in addition to being the most energy efficient RAS system on the world market. 
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The Freshwater Institute along with collaborating Cornell University in the US have very much set 
the trend as far as developing standard practice RAS technology for the global industry including 
Atlantic salmon aquaculture (Summerfelt et al., 2009; Davidson et al, 2016) displaying a highly 
compartmentalized and non-integrated approach which by virtue of the design philosophy is 
also highly energy demanding, and is also a resource use wasteful approach to the design of 
RAS, including the building footprint. 

Process flow drawing of the 
commercial scale Recirculation 
Aquaculture System (RAS) used to 
culture post-smolt Atlantic salmon 
to market-size at the Conservation 
Fund’s Freshwater Institute, 
Shepherdstown, West Virginia, US 
(source; Davidson et al, 2016). 

The design is energy demanding 
operated at high head losses (>1m), 
operates at high carbon dioxide 
levels (>15mg/L), and demonstrates 
a high building footprint which 
greatly reduces the usefulness of 
this RAS technology for research 
purposes, non-commercial 
applications, nursery farms or for 
the commercial grow-out of very 
high value species. 

16 

FSRI 



Limited detail Plan View layout of the highly integrated, low-energy input, all low-pressure air driven 
SAFF 2nd generation RAS for Atlantic salmon consisting of two grow-out SAFF-RAS, two by 200 tonne 
per annum units, showing linked purging tank, decoupled from the sludge handling, concentration 
and de-watering system and the IMTA components (for the sake of the exploded view) 
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Limited detail Plan View layout of the Atlantic salmon smolt plant design tuned to output around 
24,000 smolts at 42 day intervals adequate to produce 1,000 tonnes per annum (5 by 200tpa RAS grow-
out units) including major internal dimensions in millimeters (mm) 
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Definition of “Integrated Multi-Trophic Aquaculture (IMTA)” 

IMTA provides the by-products, including waste, from one aquatic species as inputs (fertilizers, food) for another.
Farmers combine fed aquaculture (e.g., fish) with organic extractive (e.g., sea cucumber, shellfish, shrimp) and
inorganic extractive (e.g., seaweed, micro- or macro algae, halophytes) aquaculture to create balanced systems for
environment remediation (bio-mitigation), economic stability (improved output, lower cost, product diversification and
risk reduction) and social acceptability (better management practices).

LEGEND: Sequential water flow Product flow
Evaporation /
Evapo-transpiration

Integrated Multi-Trophic Aquaculture (IMTA): Land-based SAFF-RAS (2nd generation) Atlantic 

salmon farm showing integrated decoupled sequential water/waste stream use for zero-discharge 

RAS multi-
sequential tank 
culture system 

zero-discharge 

6kg Atlantic 
salmon 

Sea lettuce 
Ulva spp 

8-10% 
inclusion 

in fish 
feeds 

Salicornia spp 
to supply the catering 

industry 

Reduced water 
use Atlantic 
salmon RAS 
production 

using salinated 
well water 

(12‰ salinity) 
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20 

Where will the Atlantic 

salmon RAS pilot fish farming 

operation be located ? 

Big Green Organic Fish 

Farm (and adjacent 

salmon RAS pilot site) 

Vredenburg FSRI 
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Closer Google Earth view of the location of the Future Fish™ Industry Pilot Operation  (FFIPO) at the 
Big Green Organic Fish Farm, Vredenburg, West Cape coast, Western Cape, South Africa and the 
demarcation of the adjacent site for the Atlantic salmon land-based RAS pilot operation. CAPEX 
investment savings would be possible should the FFIPO and Phase 2 FFII be developed in tandem 
with the Atlantic salmon RAS allowing for shared supporting infrastructure. 
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Existing 80m3 R-ended BFT 

grow-out tank not yet 

brought into operation 

Empty greenhouse to be 

extended to accommodate 

a 30tpa 336m3 R-ended BFT 

grow-out tank 

Existing tilapia nursery and 

hatchery operation 
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Zoomed-in Google Earth birds-eye view of the location of the Future Fish™ Industry Pilot Operation  

(FFIPO) at the Big Green Organic Fish Farm, Vredenburg, West Cape coast, Western Cape, South Africa 

and the demarcation of the adjacent site for the Atlantic salmon land-based RAS pilot operation 
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“heterotrophic plankton”]

Entrance to the Big Green Organic Fish Farm New fingerling 6.5m3 BFT 
tank 

Operational Fingerling 
12m3 BFT tank 

New multi-cohort sequential 80m3 BFT grow-out tank 
(visible from the Google Earth birds-eye view) 

Operational multi-purpose 5.4m3 BFT round 
tanks at the Big Green Organic Fish Farm 
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Existing facilities at the Big Green Organic Fish Farm adjacent to the site earmarked for 

the Atlantic salmon RAS pilot operation 
FSRI 



10 year projected financials summary for a 

pilot scale Atlantic salmon SAFF-RAS farm 

under baseline conditions assuming 100% 

borrowed capital at an interest rate of 10% 

per annum in January 2024. 

Note that Atlantic salmon RAS farms are 

seldom viable under production volumes 

under 5,000 tonnes in the US and Europe. 

While due to the novel and innovative 

design of the SAFF-RAS, a highly CAPEX and 

energy-use sparing approach to RAS 

designed for the Global South, it would be 

possible to realize a reasonable return on 

investment when operating under a pilot 

scale producing just 200 tonnes per annum.  

Increasing the scale of output to 1,000 

tonnes per annum, or 5 by 200 tonne per 

annum SAFF-R-ended grow-out RAS tank 

systems, at today’s input costs would likely 

result in a farm-gate production cost falling 

to less than R75.00/kg [Euro 4.37/kg HoG 

some 16.4% lower than Norwegian net pen 

salmon farming production costs] in round 

figures and a selling price of around 

R160.00/kg generating profits of over 50%. 

100 % 

Total capital 

     R 57m 

R 50 m 
Development 
capital 

R 7 m 
Operating 
capital 

Production output 
83.3 tonnes LW year 2 
200 tonnes LW year 3 

Income 
R 13.3 m year 2 
R 32 m year 3 

Average cost/kg 
R 87.68/kg as LW 

Selling price 
R 160.00/kg as LW 

Profit 

45.2% 

R 72.32/kg 

10 year 
economic 

performance  
indicators 
(after-tax) 

27.3 % 
Return on Investment (ROI) 

17.2 % 
Internal Rate of Return (IRR) 

R 14,819,621.43 
Salvage Value at end year 10 

72 months 
Pay-back Period after-tax 

5.0 % 
Labour-Capital Ratio 

R 5,555,555.56 
Cost per job 

R 32,632,312.19 
Net Present value (NPV) 
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Norwegian producer 

costs were Euro 5.23/kg 

HoG equal to R89.67/kg 

LW [=(5.23 * 20.41) * 

0.84].  

The pilot land-based 

RAS then would 

produce Atlantic salmon 

2.2% more cost 

efficiently than the 

Norwegian average 

industry rate for 2022 

[see slide 27]. 
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Why is Atlantic salmon such a prime aquaculture business opportunity in South Africa at this time? 

→ Established local markets for fresh product (sushi and sashimi in particular) for a high value 

commodity, with decent profit margins on the farm gate production cost. 

→ Import replacement potential exists for around 5,000 tonnes per annum into South Africa 

(could be more in 2024) worth over ZAR 1Bn. 

→ Improvement in South Africa’s trade balance by over ZAR  1Bn to buy imported salmon for all 
product forms. 

→ The creation of over 250 direct on-farm jobs [to produce 5000 tonnes per annum] excluding 

linkages; feed raw material commodity farming, processing and feed manufacture, secondary 

salmon value-added processing, distribution sales, marketing, retailing etc. 

→ Fresher and improved product particularly firmer meat texture attributed to raising salmon in 

circulating R-ended tank systems in moving water (30-35cm/sec) and a high degree of water 

velocity uniformity [Totland et al. 1987 study in Norway]. 

→ Regional export potential into Sub-Sahara Africa, S.E Asia  and Indian Ocean Islands. 

→ Scale and scope economies will aid to reduce consumer prices making salmon more affordable 

as a competitive meat protein [< ZAR 150.00/kg] against red meats [lamb and beef] in South 

Africa 

→ Production cost advantages attributed to the use of novel and innovative low cost RAS 

production technology, thrice proven at various production scales, in Lebanon, Syria and 

Malawi by Ramon Kourie, a South African Aquaculture Expert. The Food Security Research 

Institute (FSRI) will develop the blueprints furnished by Ramon Kourie to seed and catalyze this 

new industry in South Africa. 

→ Salmon farming initiatives in South Africa would be supportive of governments initiatives to 

develop an Oceans Economy and in support of local job creation initiatives. Continuing to 

import Atlantic salmon then “exports” job opportunities to Norway the main source country of 
farmed salmon in South Africa. 
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Thrice proven indigenous South African technology in Lebanon, Syria and Malawi.  
 

Is it not time to put the Proudly South African label on salmon grown for the local sushi market? 

The SAFF-13 floating foam fractionator 
at the Syrian Asmak Company, Tartous 
Syria installed in a marine RAS 
producing Gilthead sea bream (Sparus 
aurata). 

Two SAFF-38Lps multiple-tube airlift water pumps 
installed in a marine RAS producing Gilthead sea bream 
(Sparus aurata) in Tartous, Syria. 

The SAFF-120 (MK1) medium-
bubble airlift aerator operational at 
the Hadath Tilapia Farm, Lebonon 
(year 2000) and a side elevation of 
the aerator. 
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Cost competitive production of Atlantic salmon using RAS technology, against typical ocean net 
pen farming, would be a game-changer opening up massive growth opportunities for land-based 
RAS technology integrated into an IMTA approach where markets will exist in every developed 
economy of the world, for new farms built on this competitive RAS technology, and in some 
developing economies dependent on fresh salmon imports. 
 Our projections indicate that a 5,000 tonne Land-Based, Zero-Discharge, SAFF-RAS (2nd 

generation) farm built into an IMTA would produce Atlantic salmon at a cost just under 
Euro 3.43/kg LW = Euro 4.08/kg HoG (R70.00/kg LW or R83.33/kg HoG in January 2024) 
which would render land-based salmon farming a lower cost production technology when 
compared to current ocean net pen farming in Norway, the worlds leading producer. 
Producer prices in Norway in 2022 were Euro 5.23/kg HoG [see bar graph below]. 

Cost structure of the Atlantic salmon industry in Norway 2013-2022 (source, Mowi, 2023) 
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Notes: 

1) Exchange rate 

during week 

4/2024 was ZAR 

1.78 = NOK 1.0 

2) Prices are for 

Head-on-Gutted 

Atlantic salmon or 

LW/0.84. 
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South African markets have been paying a premium for 2 day old fresh salmon for too long 
costing about R1bn (in January 2024) for some 5,000 tonnes per annum (assuming all 3-4kg 
HoG salmon at a landed cost of ZAR 200.00/kg – see below) while a west Cape coast 
salmon farm can produce this quantity of Atlantic salmon at a farm gate cost of  R350m (in 
January 2024) which translates into <  ZAR 70.00/kg LW at the farm gate (NOK 39.33/kg 
LW) or ZAR 83.33/kg HoG equal to NOK 46.82/kg HoG. 

Anybody ready for premium quality fresher salmon (12-18 hr from harvest) available year-

round produced by a west Cape coast RAS salmon farm targeting the local market for 

import replacement at more affordable prices? 

NASDAQ Salmon Index - Prices Per Weight Class for the 4th week of 2024

Weight Class (kg)
Price, NOK/kg HoG 

before freight

Price, ZAR/kg HoG before 

freight

Price, ZAR/kg HoG 

including air-freight

1 -2 67.79 120.67 153.97

2 - 3 81.17 144.48 177.78

3 - 4 93.65 166.70 200.00

4 - 5 100.78 179.39 212.69

5 - 6 118.59 211.09 244.39

6 - 7 132.60 236.03 269.33

7 - 8 136.22 242.47 275.77

8 - 9 139.32 247.99 281.29

9+ 137.20 244.22 277.52

NQSALMON 105.42 187.65 220.95

Notes: Source data < https://salmonprice.nasdaqomxtrader.com/public/report;jsessionid=F3FB4F51AAE2445A22DAB264EED3DD15?0 >

 Air freight based upon US$1.80/kg HoG weight at an exchange rate of R18.50=US$1.00.
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NOK 137.30/kg as HoG ZAR 244.39/kg as HoG 

NOK 118.59/kg as HoG ZAR 211.09/kg as HoG 

Landed cost of air freighted  Norwegian Atlantic salmon duty 
free as HoG in Johannesburg, South Africa 

Cost of Norwegian salmon before air freight costs, Atlantic 
salmon duty free as  HoG (=LW / 0.84) 

NOK 42.13/kg as LW ZAR 75.00/kg as LW 

Competitive selling price of locally farmed Atlantic salmon as 

HoG (=LW/ 0.84) 

Cost advantage of locally farmed over imported Norwegian salmon  = ZAR 84.39/kg as HoG for 5 – 6kg fish and 
R40.00/kg HoG against  3-4kg imported Norwegian salmon  !!! 

IMPORTED NORWEGIAN SALMON 

LOCALLY PRODUCED SALMON FARM GATE BREAK-EVEN PRICE and SELLING PRICE 

Competitive pricing of locally farmed premium quality fresh Atlantic salmon at a scale of 1,000 
tonnes per annum of 5-6kg LW fish to undercut the landed costs of 5 - 6kg Norwegian salmon 
based upon the average week 4/2024 NASDAQ Salmon Index pricing plus air freighted delivery 
costs reported by Nofima (exchange rate for February 2024 was ZAR 1.78 = NOK 1.00) 

NOK 50.16/kg as HoG ZAR 89.29/kg as HoG 

NOK 115.33/kg as LW ZAR 205.29/kg as LW 

Farmed gate production cost of Atlantic salmon as LW 

 (= HoG X 0.84) 

Competitive pricing = ZAR 160.00/kg LW or ZAR 190.47/kg HoG 
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Atlantic salmon in the wild , one of the worlds most valuable and sought after fish species, for the white tablecloth industry 

Join us on this mission to bring 

one of the worlds most highly 

sought after fish species into 

local production for the 

competitive supply of fresher 

Atlantic salmon for the South 

African market to replace 

imports mostly from Norway. 
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