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1. Introduction

Recirculating aquaculture systems (RAS) are closed-loop processes that demand tight control
of water quality and treatment with reliable sensors and procedures. The primary purpose of
the TETRAS Pilot 4 RAS demonstration was for communication and awareness-raising of RAS
fish production and on the suitability of African catfish for intensive farming in Denmark. The
secondary purpose was to collect data. The data has been used in the LCA delivered by TETRAS
project partner Gdansk University and has enabled this assessment.

In order to present the credibility of our demonstration-size RAS, we chose to purchase a
down-scaled, tailored version of an existing commercial RAS design, currently available on the
Swedish market.

In this report we present, therefore, an assessment of the “reverse” data scalability of the RAS
demonstration Pilot 4, where African catfish (Clarias gariepinus) were reared in Guldborgsund
Municipality (Denmark) at a size ratio of 1:100, following the system maintenance instructions
and fish rearing protocols provided by Scandinavian Aquasystems AB and Gardsfisk.

Figure 1. TETRAS Pilot 4 — commercial downscale for communication and awareness-
raising.
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2. Objectives and scope of the assessment

2.1 Primary goal

The goal of this assessment is to compare the results of Pilot 4 rearing cycle data with those of
a commercial scale plant. The report refers to the cycle data collected between March and
September 2025 from the pilot unit and to that of the equipment provider/commercial
producer.

In determining how representative Pilot 4 performance data is compared to full scale in a
“down-scaling” assessment, we will be able to decide whether we can rely upon the pilot data
and use it in future “open access” scenarios supporting the development of land-based RAS
aquaculture in our region.

Furthermore, the study will serve as a support to guide future developments and
implementations of intensive RAS production of African catfish, and to identify potential areas
for improvement or adjustment in the down-scaled system’s overall performance.

2.1.1 System boundaries

Defining the system boundaries determines which process data are included or excluded in the
assessment. In this report, an “all-in, all-out” grow out approach was adopted, replicating the
full commercial conditions for RAS farming found under the “Gardsfisk” concept in Sweden,
meaning that the data includes all processes from the receipt of fish juveniles and following
the described rearing protocols up to the point of slaughter on Oct 1% 2025 at the Pilot 4
facility.

The pilot RAS equipment was designed, constructed and installed by Scandinavian
Aguasystems AB, as a “down-scaled” 1:100 replica of the standard commercial-scale
equipment usually provided to RAS farmers on the Gardsfisk platform, although various
tailormade solutions where necessary due to the area limitations of the pilot facility.

2.2 RAS process, data inventory and context

Process map: (intake — tanks — solids removal — biofiltration — disinfection — return)

The system included two rearing tanks, feeder system, water treatment units: line filter, drum
filter, biofilter, UV filter, de-gassing unit, air pump, ventilation unit/water heater (air to water)
and data monitoring system (PLC), with a total effective water volume of 9.5 m3.

The system was monitored and managed by a PLC and sensors controlling the following
parameters: water temperature, pH level, mechanical filter back wash frequency and pump
pressure, biofilter water level / volume, main water pump pressure, air pump function, UV
filter function, feeder unit frequency and quantities, LED daylight timer, camera. The PLC was
accessible in situ and via a VPN connection.

Daily monitoring and control involved manual testing for nitrite and ammonia, pH level and
regulation, hygiene maintenance and cleaning, and as well as visual assessment of fish welfare,
feeder adjustment, weighing and feed scheme alignment.

The subsequent stages (processing, distribution, consumption, and end-of-life of packaging
and waste) are not considered in this assessment.

https://interreg-baltic.eu/project/tetras/ 4
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Data Inventory and context:
Two types of data have been used to make the system scalability assessment:

o Primary data, directly measured or recorded at the pilot RAS during the demonstration
cycle (rearing duration, water recirculation and make-up flows, feed inputs, mortalities,
electricity consumption, and infrastructure inventory);

o Secondary data, obtained from the commercial producer, Gardsfisk AB.

A summary of all data parameters is provided in Table 1

Table 1. Main inventory data and information collected for the data scalability assessment and ratios to commercial scale

Parameters Unit Value
TETRAS Pilot 4 Commercial scale RATIO
(5 modules) Pilot : Commercial

Cycle duration days 201 175
Juveniles kg 60
Juveniles single weight kg 0.1 0.1
Total plant volume m?3 9.5 840 1.1:100
Water daily recirculation m?3 9.025 798 1.1:100
Daily added freshwater (5%) m?3 0.475 42 1.1:100
pH regulation kg 107 4422 2.4:100
Sea salt kg 18
Electricity MWh 10.3 475 2.1:100
Mortality % 10 10 1:1
FCR % 1.05 0.9 1.1:100
Biomass output

kg 842,5
Slaughter size average kg 1,6 2,1 0.76: 1
Nutrient water & solids m?3 104.9

The stocking density at the end of the grow-out in Pilot 4 was 110 kg/m3 compared to that of
the usual commercial stocking density of 250 kg/m3. This was in view of the nature of the pilot
and its limited physical framework (limited working space in the interim facility).

Feed supply was based on a commercial extruded pellet (Alltech Coppens — Special Pro EF, 4.5
mm) and was recommended by Gardsfisk. 820 kg aquafeed was consumed.

The rearing cycle lasted 201 days, against the initially expected 165 days (including purging
time). The initial biomass of 60 kg (about 600 juveniles of 100 g each) received on Day 1 (17th

https://interreg-baltic.eu/project/tetras/ 5
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March 2025) reached a final biomass of 842.5 kg on Day 201 (1°t October 2025), corresponding
to a net weight gain of 782.5 kg.

The feed conversion ratio (FCR, kg feed supplied per kg net weight gain) was 1.05. The mortality
rate during the cycle was estimated at 10%.

Electricity consumption was recorded as 10,275.9 kWh. Water exchange was calculated at 5%
- against 8% at a commercial plant.

2.2.1 Critical variables
Cycle duration

The cycle duration concerns the amount of time projected for the fish to grow from 100g to
2200g. The expected cycle duration for a commercial plant is 175 days.

According to the commercial feeding scheme and protocol, Pilot 4 was initially projected to
run 165 days. However, the fish weight control of June 19" (94 days) showed an average
weight of 900g, and the feeding scheme was adjusted thereafter. According to the new
scheme, the target weight of 2200g would be reached on the 14™ September.

However, due to the nature of Pilot 4 and its focus on communication and awareness raising,
we had to consider the best way to involve the students of the Gastronomy and Nutrition
School (CELF Food) and together with the teachers and the slaughter team from Gardsfisk, we
settled on the 1% October for slaughter and 2™ October for filleting.

At 201 days, the average weight of the slaughtered fish after purging on site was 1,8 kg —
although a more thorough weighing before fileting at the school kitchen concluded an average
weight of 1,6 kg.

pH regulation

pH regulation is an extremely important part of effective RAS fish rearing. Even though Clarias
gariepinus is a very robust fish species, its optimal feed uptake is to be found at a pH of 7. The
water source in Pilot 4 was from the water utility and has a pH of 8,6.

The presence of nutrients in the RAS water (from feed and faeces) reduces the pH level.

To maintain a pH level of 7, we manually added bicarbonate of soda, using the formula:
“n sec. (feed amount) x 18 (feeding frequency) x 4 = n gram (requirement)”. In a commercial
set up, the pH would normally be regulated automatically.

We used >2 times the amount of pH regulator in our demonstration pilot compared to the
1:100 ratio figures from the commercial RAS plant. We do not have any explanation for this —
unless the water source in the commercial plant has a completely different baseline pH to that
of our water utility in Denmark.

Electricity consumption

The electricity consumption of Pilot 4 was >2 times the expected value, if we are to compare
with the 1:100 ratio. The reason for this difference must surely be explained by the tailored
solutions for air ventilation/water temperature control (air to water pump) and the air pump,
which was rather over dimensioned for the size of the pilot and the air space available.

https://interreg-baltic.eu/project/tetras/ 6
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The air pump overheated regularly during the hottest months of the summer — with a core
temperature of >50 degrees — which resulted in a continual circle of hot air trying to cool the
already overheated air pump and in the ventilation system working overtime (even though we
left a window open) - both of these systems consume electricity.

Feed Conversion Ratio (FCR) and fish performance

Even though the FCR of our fish was slightly higher than the commercial plant, their growth
rate was slower than predicted and the slaughter size slightly smaller than the commercial
comparison.

We believe that this may be rooted in 2 issues:
1) drum filter fault and
2) extreme water temperature

Unfortunately, our lack of technical experience with the water management equipment
resulted in us failing to identify the very poor mechanical filtration of the RAS water during the
first 2 months of the pilot. This meant that there were more solid materials being recirculated
during that time with a higher nutrient load in the water, which may have affected the appetite
of the fish.

Over the summer, we had many issues with raised water temperature levels — up to 33
degrees. This may have affected the appetite of the fish and certainly resulted in a number of
mortalities.

Nutrient water & solids

We are unable to compare the quality and quantity (104.9m3) of nutrient water and solids
from Pilot 4 to that of the commercial plant, as the commercial plant nutrient water and solid
fraction is integrated into a farming framework and is applied as part of a fertiliser plan.

The nutrient water and solids from the Pilot were expelled via the water management sewage
system, as we were unable to establish an aquaponic installation in the limited area of the Pilot
facility.

The students of the Higher Technical Gymnasium in Nykgbing F. analysed water taken before
purging and concluded the following values of nitrite and phosphorus:
Nitrite: 1800mg/L , Phosphorus: 20-40mg/L

3. Discussion and Conclusions

This study presents an assessment of the data-scalability of a pilot-scale RAS production of
African catfish (Clarias gariepinus) in Denmark, compared to a commercial scale RAS
production in Sweden.

We believe that the data collected shows a reliable relation to a commercial scale production
as both the growth performance of the fish and the levels of mortalities in the pilot showed a
very close relation to those of a commercial scale production with a FCR of 1.05 compared to
0.90 and 10% mortalities.

The data concerning the consumption of electricity showed a higher consumption compared
to that of a commercial scale plant, although this could be due to the specific tailoring of
equipment that was necessary in the pilot design due to size restrictions. The data concerning

https://interreg-baltic.eu/project/tetras/ 7
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the pH regulation showed an over consumption of supplies compared to the commercial scale,
which could be influenced by differences in the pH of the respective water sources.

The quality of the fish slaughtered on the 1° October was very good and more than comparable
to the commercial plant produce. The slaughter team from Gardsfisk on more than one
occasion commented on the well-developed barbels, fish skin quality and condition and
healthy specimens. In this aspect, there is certainly no detrimental effect of rearing Clarias
gariepinus in a downscaled RAS unit compared with the commercial scale.
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