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1 Introduction 
This report summarises the cultivation activities within GENIALG with respect to the evolution towards 
biorefinery-scale seaweed cultivation, and the related demonstration activities. 

At its development stage before the project start of GENIALG (2016/17 season), seaweed cultivation 
practices in Europe were generally quite manual and highly depending on manual workforce, even in 
pre-commercial or commercial context. In the context of future Biorefinery operation, discussions 
between the WP3 and WP4 partners have not resulted in explicit annual volumes, mainly due to the 
remaining grade of uncertainty of final products or product mixes for Biorefinery operation. It has 
however been considered a reasonable trade-off to aim GENIALG activities at the next level of 
operational procedures, which corresponds to aim at scenarios for offshore cultivation modules of 
approximately 1000 tons wet weight per year, which then can be multiplicated towards higher 
production volumes. In a similar approach, onshore (tank/pond) cultivation is aimed at mechanised, 
modular onshore cultivation units, which can be reproduced according to availability of space, 
allowing for up-scaling towards biorefinery scale. 

The following aspects turn biorefinery-scale scenarios for offshore-cultivated Kelp challenging at 
present stage: 

• presently no clear priority product path/ mix, and some uncertainty regarding product intake 
requirements related to scale (1000 tons range, 10 000 tons range, or more); 

• uncertainty regarding product intake requirements related to (pre-)processing (dried, frozen, 
fresh, fermented/other treatment, whole/ground, cleanliness etc); 

• strong geographic and seasonal factor for and the entire value chain downstream the harvest 
(distance between farm and processing facility and logistic options, harvest duration and 
related quality over harvest period). 

Within these limitations, it is important that any investment into cultivation techniques, in particular 
an increase of mechanisation grade, occurs gradually and responds simultaneously to the near-term 
requirements of the cultivation companies. The approach taken for the cultivation demonstration 
activities and outcome is described for each company separately in chapters 2 and 3. 

While this report focuses on the activities of the industrial partners towards upscaling, the wider term 
‘cultivation’ also includes aspects like growth trials, yield and preservation of the material, which are 
discussed separately in the following Deliverables of GENIALG: 

Ø DEL 3.1 Growth Report: an overview of growth characteristics covering both Saccharina 
latissima and Ulva spp in relation to environment/culture conditions. Focus for offshore 
cultivation was the influence of different geographical areas on timing, quality and yield, and 
to include the widest possible geographical range of European cultivation sites. Available for 
download on the GENIALG website. 

Ø DEL 3.2 Yield Optimisation Report: a summary of different techniques to optimise yield both 
in offshore and tank cultivation based on the two species; including potential impacts of strain 
selection, IMTA (Integrated Multitrophic Aquaculture) and coppicing (the practice of cutting 
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Kelp blades upon harvest only partially, to allow for re-growth in the same season). Available 
for download on the GENIALG website. 

Ø DEL 3.4 Storage Review:  a desk study review of existing seaweed preservation/storage 
techniques, as basis for further work and the biorefinery-scale transport/storage strategy. 
Available for download on the GENIALG website. 

 

Planned actions to conclude WP3 activities will mainly be the harvest demonstration of large-scale 
concepts from December 2019 to June 2020, for both offshore-cultivated Saccharina latissima (SES) 
and tank-based cultivation of Ulva rigida (ALGAplus and INEGI). Further the documented growth trial 
data will completed with additional chemical analysis results and in some cases growth data from an 
additional (not originally foreseen) season. Culture monitoring from deployment up to final harvest 
will be performed for the large-scale demonstrators, and monthly sampling, data collection and larger 
biomass delivery per batches the WP4 industrial partners will be performed. 

DEL 3.3. and DEL 3.5 to DEL 3.10 contain potentially sensitive details on upscaling path and strategy 
of the industrial GENIALG partners. These details comprise aspects like growth models and their 
validation, assessment of optimal storage/transport strategy for biorefinery-scale, large-scale material 
delivery to processing partners in WP4, mechanisation activities of the offshore harvest operations, 
design of energy-efficient reference pond cultivation, mechanised onshore cultivation prototype and 
a modular pond demonstrator for up-scaling. 

This report summarises the cultivation activities of the 3 industrial partners Seaweed Solutions (SES, 
Norway), C-WEED (France) and ALGAplus (Portugal), targeted at preparing grounds for biorefinery 
scale within the context of GENIALG. Also the technical developments implemented for demonstration 
of the upscaling vision of each farming technique are outlined. 
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2 Saccharina latissima cultivation 

 

Figure 1: Young Saccharina latissima sporophytes on SES farm (Norway), a few weeks after deployment. 

Offshore seaweed farming is estimated to be economically feasible from the range of several hundred 
tons per year, as long as the food market is targeted and can take up the produce. However even if 
the very promising food value chain predictions turn into reality during the next years, there will be a 
limited market to sustain a well-developed cultivation sector. In this context, it is vital for ambitious 
cultivation companies to include in their mid-long term strategies other markets, which at present are 
mainly feed and biorefinery. To become a feasible raw material for these markets, seaweed cultivation 
operations are expected to require volumes of several thousands of tons per year per company. 

Saccharina latissima cultivation brings along the major challenge of both a very strong seasonal 
concentration of efforts (harvest season 4-6 weeks, depending on geographical area and biomass 
quality requirements), and the seasonal shift from one year to another caused by varying 
environmental conditions. The latter can easily mean a time shift of harvest start for about 2-3 weeks 
from one year to the other, making planning and contracting seasonal work force and equipment 
challenging and less efficient economically. The higher the dependence on external resources the 
operation is, the more challenging the planning becomes. 

For the exemplary farm module of 1000 tons wet weight per year and the possible harvest period of 
4-6 weeks, this would translate to the need of 25 to 35 tons/day, compared to pre-GENIALG levels of 
4-5 tons/day. While volumes of 25-35 tons per harvest day still appear minor when compared to 
established agricultural or even aquaculture operations, it should be noted that seaweed farming in 
Europe is in its infancy and offshore farming operations have hardly been commercially feasible in the 
past. As a consequence, the state-of-the-art of farming technology has been notably basic compared 
to e.g. agricultural staple crops. 
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The priority of GENIALG activities in the context of enabling biorefinery-scale offshore cultivation has 
been therefore to envision a significant reduction in manual interventions in the farm while 
maintaining low up-front investment needs, via an evolutive, gradual development. Target is to 
develop and demonstrate a cultivation process that can be upscaled towards the 1000 ton scale per 
farm module, without step changes in infrastructure or equipment. 

2.1 SES operations in Mid-Norway 

SES is GENIALG WP3 leader and has had the main responsibility of securing the large-scale supply for 
Saccharina latissima to WP4 partners, as well as cultivation technique improvements towards 
upscaling. The operational bases are located in the Trondheim area: in Trondheim there are head 
office, laboratory and nursery, and the two farm concessions totalling 65 ha are 2km offshore Frøya 
Island, 120km West of Trondheim. Up to today, the preservation and (pre-)processing has occurred in 
a rented facility and support on the neighbouring island Hitra. 

2.1.1 History and context 

Cultivation activities at SES date back to 2010, and until 2014 had been focused on early prototype 
trials with energy-scale structures, due to the initial company strategy to develop massive offshore 
farming technology for bioethanol. (hence the original name Seaweed Energy Solutions). By the 
2014/15 season, there has occurred a strategic reorientation towards high quality food products, with 
feed as secondary potential market. This was a consequence of the re-evaluation of realistic 
development time frames and the priority to gradually upscale operations through an evolutive 
approach.  

By 2015, SES harvested for the first time its then newly built food-scale demonstration farm, which at 
the time was the largest seaweed offshore cultivation unit in Northern Europe. The carrying capacity 
of the newly built farm was approximately 200 tons wet weight, of which an estimated 120-140 tons 
were cultivated in the 2014/15 season as part of a pilot demonstrator with funding from the 
Norwegian Innovation Agency (Innovation Norway). However, at that time the market was not 
developed, the deployment and harvest processes largely improvised and processing paths not 
developed. Gradually since then, the processing for food purposes, mainly based on washing, sorting, 
packing and freezing has evolved towards high quality standards and has been awarded with the 
Norwegian Eco label for organic production (Debio).  

Although cultivated volumes were kept at a level around 30-50 tons per year due to delays in the 
market uptake, the challenges for a rapid upscaling of the production have been a major concern over 
the past years. In particular existing means and methods of the sea operations have shown to be a 
potential obstacle to more efficient upscaling towards meeting the daily throughput mentioned 
beforehand. 
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Figure 2: Birds-eye view on SES farm 2 km offshore Frøya Island (left), Mid-Norway. Harvest operations under 
way, example of pre-GENIALG practice depending on rented external multipurpose crane vessel (right). Harvest 
was rented based on a ‘one-of-a-kind’ low-cost crane barge, which showed some limitations both with respect 
to weather sensitivity, future-readiness and dependence/ availability of alternatives. 

The following aspects were the main reasons for a required change of approach in the SES sea 
operations. It must be stressed that these issues are highly specific to the specific (regional) context: 

• A particularly relevant obstacle for SES operations has been the dependence on rented 
aquaculture work boats for increasing the harvest efficiency. Although such vessels are abundant 
in the Frøya region, and agreements with the vessel operators have been made, the latter usually 
break their commitments as soon as they are called into urgent services for the salmon industry. 
It is common in spring that sea lice increasingly pose risk to the finfish cultures, and aquaculture 
workboat operators follow the call of their major clients, making planning for seaweed farming 
near impossible. 

• To encounter the above uncertainty, a ‘one-of-a-kind’ crane barge has been rented for most of 
the SES sea operations to relief the efforts of manual work and increase operation optimisation 
(see Figure 2). Although being a multi-purpose vessel with very suitable characteristics for the 
required tasks, it was an outdated model unique in the region, and no backup existed for this 
option. In addition, it became unfeasible after a recent revision for aquaculture vessel safety 
requirements in Norway.  

• Using cranes to lift up the cultivated material, independent of whether using modern aquaculture 
catamarans or the specific barge, brings along a significant operational issue: the material hanging 
down from the culture lines turn into an effective sail and the floating unit becomes highly 
sensitive to wind (see Figure 2). This makes vessel manoeuvring more difficult and introduces 
additional risk to harvest operations safety. 

• Highly unpredictable weather during harvest window (mid April to beginning of June), and 
frequent bad weather periods of several days make it very difficult to secure high-cost equipment 
(mainly vessels) on stand-by. 

• Own investments into sea-going equipment/materials have to be undertaken on the basis of only 
having approximately 2-3 months (in two separate periods) of operational phase, while during the 
rest of the year there is no use for it, making depreciation inefficient (unless high investment is 
made into multi-purpose vessels that could be hired to fin-fish aquaculture). 

• The transport from farm to factory dock (approx. 10km by sea) requires additional vessels, unless 
harvest operation is interrupted for 2h for each transport. Given the very low density of fresh 
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harvested seaweed, both the transport cost by external vessels and the offloading onto dock are 
resource-intensive and not suitable for upscaling scenarios; 

• The deployment/harvest practice of SES has been evolved towards 15m substrate segments 
attached to a semi-flexible long line system, requiring a large number of (manual) interventions. 

Based on these challenges, the highest priority for the GENIALG activities of SES was to develop and 
demonstrate a sea operations scheme as independent as possible on external resources (including 
vessels, handling equipment and qualified personnel), requiring low up-front investment, and being 
possible to upscale in a modular way in one cultivation area, to meet the high-volume demands by 
multiplication of standard-sized operation units. 

2.1.2 Technical Developments in GENIALG 

From the above mentioned challenges for SES operations upscaling, the following aspects have been 
in the focus for the GENIALG activities:  

a) Improving efficiency of harvest-transport-offloading sequence that equally reduces 
dependence on external means; 

b) Reducing the ‘unhealthy’ dependence on external specialist vessels while maintaining (or 
improving) weather conditions for deployment/harvest operation; 

c) Working towards a more mechanised attachment/detachment procedure of the substrate 
ropes to the long line system, allowing for part-continuous operation. 

These aspects are approached separately in the following paragraphs: 

a) Improving harvest-transport-offloading efficiency 

In the absence of clear instructions from the downstream biorefinery activities regarding the seaweed 
delivery form (e.g. fresh, frozen, dried,…) and quality (acceptable storage /transport times, 
acceptability of biofouling and starting degradation,…), the initial priority for large-scale harvest-
transport-offloading concept was clear: enable delivery of large biomass quantities with minimum 
quality loss from farm to the inside of the factory. Having experienced the very fast degradation of 
seaweed quality when stored/transported on deck, in warm temperatures, especially when exposed 
to direct sunlight (decomposition and significant loss of material through ‘bleeding’), it was decided 
to design and validate a wet-transport system. The underlying thought was to keep the seaweed in 
seawater as during the entire harvest and transport process, avoiding its exposure to air, sunlight 
and/or pressure from piling in containments without water. 

Such a system would be based on three pillars: (i) a wet-harvest system, enabling the biomass to be 
stored directly in sea water after extraction from the growth lines; (ii) an on-site buffering and 
transport barge, allowing to bring the material to dock without exposure to air and sunlight, and (iii) 
a pump system enabling an efficient transfer of the material from the barge up to the dock and into 
controlled containment inside the factory. 

In the following, some impressions of the initial trial season with an early version of a ‘dirty prototype’ 
for the in-sea harvest, the in-water transport barge, the pump-setup and the factory-side storage is 
given, representing the first GENIALG season approach to tackle the major logistics issues. 
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Figure 3: First GENIALG season field trials: dirty prototype for in-sea mechanical harvest process. (upper left); 
dedicated in-water transport barge with 30m3 capacity, designed and built with PE plates and tubes (upper right); 
schematic set-up of the biomass transfer process from barge to factory-tanks and photo of refurbished vacuum 
pump unit in operation (centre); 5m3 tank units with pump hose arrangement and filing/emptying processes 
(lower left and right, respectively). 
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Despite generally successful with the birthing problems to be expected in prototype operations, the 
experience with fully immersed biomass during harvest and transport and buffering/pre-processing, 
discussions within the operations team and other entities including the GENIALG consortium led to 
the conclusion that the need of all-wet transport of biomass was very unlikely to be strong enough to 
justify the significant effort and costs related to it, in particular in the biorefinery scenario in the 
context of GENIALG. 

b) Reducing dependency on external vessels  

As a consequence of the first season’s findings and increased know-how about the requirements of 
the product, a simplified, low-cost harvest and transport system was developed and tested together 
as joint development between SeaBest H2020 SMEI project1, and GENIALG. The solution developed 
and implemented represents a trade-off of existing production needs and requirements, low capital 
investment, and suitability for significant up-scaling. It is based on dry transport of harvested biomass 
in insulated 1m3 units commonly used in industrial fishing logistics. Key to this approach was the strong 
dependence on external service vessel suppliers that SES operations have been subjected to during 
several seasons, making planning challenging and representing a steeply increasing operational risk 
upon up-scaling. 

A low-cost, modular barge system was developed and implemented by SES for the 2018/19 season, 
following a radical re-design of the process. In addition to a simplified attach/detachment mechanism 
with a mechanic harvest device driven by a vessel-based capstan, SES developed purpose-designed, 
self-propelled aluminium barges for transporting standard fish containers, which are delivered to 
shore for land transport to the factory. This has been a major revision and shown to be the best 
approach to allow for an evolutive process in the following seasons, and is be the basis for harvest and 
deployment operations for the up-scaling phase until the scale of thousands of tons biomass 
production per year. 

 

Figure 4: Second GENIALG season field trials: harvest procedure by hauling from a support vessel continuous 
substrate lines into a harvest apparatus mounted above the 5m3 fish boxes placed on the transport barge (upper 
left and centre); barge schematic design (lower left); support vessel and barge with empty fish boxes in transfer 
harbour (right). 

 
1 SeaBEST: Launching first large-scale organic seaweed-to-food cultivation and processing in EU; Grant 
agreement ID: 849793, H2020 SMEI programme 
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c) Improved attachment/detachment procedure of substrate ropes  

While the standard practice used by SES has been specifically calibrated breaking threads to connect 
substrate in regular distances to each side of a long line space, there are concerns about the 
reproducibility of this method in much bigger scale (qualified work for attachments and little means 
of control), also additional workload in the hatchery and some operational constraints turned it into 
a priority to seek more mechanizable and safe means of attachment of the substrate to the long lines. 

In discussions between mainly WP leader and industry partner SES and SINTEF, it was decided to focus 
the collaborative work in Task 3.1 to a solution for attaching the carrier substrate to the seafarm 
structure. The rationale and development from SINTEF are outlined in the following. 

A seaweed farm consists of infrastructure that includes moorings, buoys, and substructures. During 
deployment, the substrate on which the seaweed grows, should be easily attachable to the farm, and 
similarly removed for harvesting operations. Industrial solutions that render automation possible do 
not exist today. As a problem of today, this task is solved manually, usually tying the carrier ropes in 
to the structure. In the future, when mechanized deployment and -harvesting is developed, other 
specialized solutions (and structures) may emerge. The following work steps were implemented: 

• Revision of approach and major change in harvest method design 
• Directing remaining focus on actual substrate attach-/detachment (Clips /SINTEF) 
• Design, engineering and manufacture of simplified modular mechanical harvest system  

(self-propelled barges and standard fish transport boxes) 

 

Figure 5: Pre-agreed scenario: “linear/1-dimensional” substrate lines on Long-line system 

To work on the method to mechanise the attachment of the substrates to the long lines and to detach 
it again upon harvest was the joint priority of SES and SINTEF, where SES was mainly involved in the 
conceptual phase and SINTEF responsible for the development of concrete technical solutions. While 
in former discussions a hand-held thread-knotting machine had been indicated as ideal tool for the 
starting point of fully-mechanised harvest and deployment operations, SINTEF concentrated further 
efforts in this task on the development of a clipping concept, which allows for non-manual attach- and 
detachment of the substrate from the long lines.  

to work with a solution for attaching the carrier substrate to the sea farm structure; a mechanical 
knot. This resulted in an iteration of designs which were 3D-printed and tested in the lab. A workshop 
was held with SES and the outcome of this was to relax on demands for mechanical simplicity and seek 
a more advanced solution, despite higher production cost. We developed a hinged design, and then 
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engaged an industrial design company for assistance and prototype production. This resulted in two 
designs, 3D printed in strong PA12 material. These were tested in lab, and will be brought to field-
tests, however the field results not reaching the GENIALG reporting deadline.  

In the following, an industrial design company was contracted to propose two concrete designs and 
build a small series for sea trials. 

 

 

  
Figure 6: Clip concepts for fastening of seaweed cultivation ropes to the sea rig, developed by SINTEF. 

 

The clip could replace the knotting of ropes and enables a fast and eventually mechanised and 
automized fastening of the cultivation ropes to the sea farm structure ropes and correspondingly an 
easy detaching at harvesting. It would be a re-useable and ultimately more environmental friendly 
alternative to the thin twine used for knotting today, and the development has been considered a 
promising candidate for post-GENIALG development. However, due to very high initial costs for 
implementing the clip system on the entire farm, it was decided to not further pursued this possibility 
in the 2021 planning. Field trials were limited to testing the functional characteristics of several clip 
prototypes (see next section), while a automated deployment and harvest vision was the concluding 
step of the clip development within GENIALG (see Figure 7). The prototype clips were two candidates 
out of a choice of several designs in the final phase, which were 3D-printed in strong PA12 material 
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and brought to field-tests after testing in lab. They were tested during the cultivation season 2019-20 
(see Figure 8).  

 
Figure 7: conceptual design of simple automated clipping system with double-sided spring clip; 
sequence of clip entering the detachment zone, running along (opening) and releasing the substrate 
(SINTEF) 

 

     
Figure 8: Scheme of V-lines with substrates and clip prototype arrangement (left); 3D model of one of 
the clip models tested (second left), clips recovered and checked after farm structure damage, still 
connecting long line and substrate (third left and right). 

 

Due to an exceptional storm event in May 2020 in a phase of very high growth in the farm, the part of 
the 2019/20 farm structure were the clips were deployed suffered damage, making it impossible to 
finally evaluate the clip system. However the clips were found connected to the long lines and 
substrates despite the unexpected forces, which indicates sufficient operational resistance. On the 
other hand, the planned simplified harvest trials using different pulling angles for the clips to further 
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develop the detachment process and onboard-apparatus for post-GENIALG developments was not 
possible to test. Due to internal operational conditions and strategic reasons at SES (including 
installation of a new farm unit), as well as the need to hire large aquaculture vessels following damages 
in the farm in the 2019/20 season, another revision of the approach for immediate upscaling of SES 
operations led to a major change in harvest method for the 2020/21 season, not following up further 
the clip system in this phase. 

2.1.3 Large-scale Cultivation Demo 

The developments described in the section before were aimed at supporting the upscaling phase of 
the industry towards biorefinery scale. Objective was to demonstrate the technical feasibility of 
mechanised seaweed handling techniques, as basis for extrapolating 1000+ ton-scale. 

For the two initial cultivation seasons, preliminary prototypes for mechanised harvest were designed 
and built by SES, and integrated into the seasonal field operations. The work started with the pump-
based system and rope detachment trials in the 2017/18 season, followed by the modular low-cost 
barge system in 2018/19, after which trials with the clips focused on improving existing rope- based 
systems with respect to substrate rope attachment and detachment. U, of which ultimately a batch of 
selected designs was manufactured and tested in the 2019/20 season. By end of this season, the 
conclusions from the technical developments within GENIALG were largely drawn, and a new farming 
system on a nearby location was the priority for 2020/21. In the last season, no significant GENIALG 
activities occurred, also due to budget limitations . During these four seasons fully comprised by the 
GENIALG work plan, SES has also up-scaled operations from approximately 40 tons to 150 tons.  

The full-scale sea trials with the GENIALG developments underlined the system being generally 
appropriate for an extension to the 1000+ ton-scale that will be required for biorefinery scale, while 
other, former parts of the system, namely the in-water barge transport with vacuum-pump indicated 
substantial improvement requirements and investments considered too heavy for the present phase 
of the industry. The modular barge system has enabled to fit 200-300kg fresh seaweed in standard  
1m3 insulated PE boxes (used as staple item in the fishing industry), which enabled to maintain quality 
for 2-3h required for transport to nearest dock, in addition to 24-48h buffering inside the factory. 
Transport to the factory was made either by dedicated transport vessels or a synchronised operation 
of shuttle barges with road transport (preferred solution in the demo), which is an important choice 
for larger volumes than the actual scale. Relevant improvements were identified for next generation 
harvest & transport barges, including further evolution by integration of the clip system developed by 
SINTEF (see former section), which could not be trialled at scale within GENIALG due to limitation of 
funding.  

The operational capacity of the demonstrated system has shown promising potential for the upscaling, 
in order to meet in the order of magnitude of 50ton/day harvest and transport throughput by 
multiplication the existing field setup pair three-to fourfold. 

Impressions of the full sea cultivation cycle (from seedling deployment to transport) demonstrated 
within GENIALG are given in Figure 9. 
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Figure 9: Impressions from SES sea cultivation demo: seeded growth lines (substrates) in the late phase 
of incubation in hatchery (upper left); deployment operation of V-line arrangement between long lines 
(upper right); fully grown substrates in farm, attached onto the lifted long line (centre left); simplified 
mechanic harvest operation by hauling the substrate with capstan on support vessel through the 
harvest apparatus placed on harvest/transport barge, where the biomass falls directly into the 
handling boxes (centre right); transfer of handling boxes from harvest/transport barge (lower left); 
loading of cooling truck for road transport to factory (lower right)  
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2.2 C-WEED operations in Brittany/France 

As opposed to the other two cultivators involved in GENIALG, C-WEED has not stated ambitious 
volume targets for the near future in the preparation phase of GENIALG, which is why the role in the 
project is more focused on the participation in Task 3.1 (Benchmark cultivation and yield optimisation. 
over large geographic extension), namely delivery of sample material, as well as to contribute to large-
scale biomass delivery to WP4. 

In the late growth phase of the 2017/18 season, an unusual and very significant event occurred on the 
C-Weed commercial cultures, which showed a sudden and extremely extended degradation 
originated by juvenile gastropods that had massively settled on the cultivated canopy. Within one 
week the overall cultured biomass was destroyed to an extent over 80%. The S.latissima devoted to 
the project was also destroyed so that mitigation measures for achieving the project contributions 
were initiated. This event had been unprecedented and was recorded and discussed as a very relevant 
potential threat to commercial seaweed cultivation in Europe, requiring future attention and 
observation. 

After the unsuccessful season 2017-18, the 2018-2019 culture was initiated in early November 2018 
using the direct seeding method (described in previous report). All sori from the 35 individuals were 
individually sporulated together and 10 standard collectors were seeded. After 30 days culture indoors 
the collectors were transferred at sea for on-growing. Deployment was early December over 300m 
long line (5 horizontal ropes x60m each) in the estuary of River La Rance. Regular monitoring was 
randomly operated at 15 days intervals, and dry and frozen samples collected in accordance with the 
sampling protocol were tagged and sent to the Station Biologique de Roscoff (SBR) where they were 
stored for further analysis by the Academic Partners for Task 3.1. 

  
Figure 10: Birds-eye view on C-WEED farm near Saint-Suliac / Saint-Malo, Normandie/ France. 
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To compensate for the loss of the initial GENIALG growth season, C-WEED implemented an additional 
growth monitoring in the 20189/20 season. Transfer at sea of the plantlets obtained in hatchery 
occurred in December 2019. Vegetative growth lasted until June 2020 with a high density until the 
plants degenerate very rapidly in early June. Sampling based upon the common protocol was 
operated, samples taken and data recorded. A 300 kg ( wet weight) batch was harvested and frozen 
until further use by the Industrial WP4 Partners.  

In addition to the common monitoring protocol, biomass was left in the field beyond the usual 
harvesting period, in order to contribute to observations regarding the potential of the coppicing 
method (harvesting only part of the biomass and allow for re-growth in the same season). Throughout 
the summer the plant had nearly disappeared and the long lines were dismantled. However one long 
line was left in place in order to observe if the plants could regenerate. In November first signs of 
regeneration at the level of the meristematic zone was visible. The long line was maintained in place 
for further observation on regeneration . 

 

 

Figure 11: Additional GENIALG growth monitoring season by C-WEED (France): deployment by end of December 
and confirmation of formerly documented yield and quality results until May/June (above, chronologically left to 
right). Prospecting trial for potential coppicing strategy assessment showing substantial degradation from 
June/July, blade regeneration despite natural attachment of red algae on longline, and significant mussel growth 
showing to be a major obstacle to further seaweed growth. 
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Although not a very detailed experiment, the coppicing potential trial indicated that recovery after 
the warm season was not promising, since the blades were covered with epiphytes, sponges and 
copepods, then degenerated. The long line was dismantled in September. In September and October 
the cultivation material was checked (scuba diving) for overall maintenance.  

In general, and in addition to the observed blade degradation, heavy mussel weight that sinks the long 
line has been observed. In the last GENIALG season, also a  new ‘aggression’ from the periwinkles, 
from which the farm suffered in the 2017/18 season, occurred, however much less. However the 
threat must be considered real. 

Additionally C-WEED sent over 200 kg wet weigh S.latissima to Algaïa in June 2020 that were freeze-
stored for a few months, awaiting processing. 
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3 Ulva spp cultivation 

 

3.1 ALGAplus operations in Central/North Portugal 

3.1.1 History and context 

ALGAplus seaweed farming operations in Portugal, based in Ria de Aveiro lagoon a NATURA 2000 site, 
kicked off in May 2012. The company was created with the aim to provide EU market with a consistent, 
year-round and high quality supply of Atlantic seaweed biomass, mainly for the food, cosmetics and 
feed markets. Since 2014, the 1st year of sales that seaweed biomass farmed in Portugal is exported 
(always over 75%) to other EU countries and continents. 
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Figure 12: ALGAplus customers across the globe. 

 

Integrated Multi-Trophic Aquaculture (IMTA) has always been the basal concept of the company, 
mainly due to the higher seaweed biomass yields expected as well the possibility to attain the 
production standards for the EU organic certification (EC710/2009); thus since the beginning that all 
the seaweed farming operations have been done using the nutrient rich effluent waters from 
seabream/seabass ponds. That, together with the target algal species, conditioned the choice of the 
location to implement ALGAplus seaweed farm. In Ria de Aveiro lagoon, there are several semi-
intensive fish farms structures (over 25 units, comprising over 125ha of earthen-ponds); most of these 
have been under-utilised or even abandoned, offering an opportunity to refurbish areas with good 
quality seawater access. 

 

 

Figure 13: General IMTA scheme. 
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In 2012, the company established a partnership with a fish farm (14ha) and since then, ALGAplus has 
designed, developed and implemented a land-based tank system using information available in public 
scientific and technical reports but mainly with a strong internal know-how derived from the scientific 
background of the company’s co-founders. During this time, cultivation protocols have been 
developed for several seaweed species, listed here in order of current production magnitude: Ulva 
rigida, Gracilaria gracilis, Codium tomentosum, Porphyra dioica, Palmaria palmata, Porphyra 
umbilicalis.  

In 2016, the land-based ystem (613m2) attained the max of its capacity (ca. 30tons), with labour and 
enegy being the main costs of the operation. 

Since then, ALGAplus, started to envisage strategies to upscale and demonstrate the feasibility of using 
the available earthen-ponds to upscale the production of Ulva sp., one of the most demanded species 
in the EU market and the one more dominated in terms of production protocols by the company. 
Besides the necessary adaptation of the ponds, into a raceway system, farming upscale strategy had 
to comprehend increased yields, lowering capex and operational costs. Pre-processing steps for 
seaweed biomass sold in the target markets have been established with success in the company since 
2015 (drying and solid brine); fractionation strategies were inexistent. 

 

Figure 14: Aerial view of the ALGAplus farm in early 2017. The land-based tanks (here shown the largest with 
20m3) totalized an effective cultivation surface of 613m2, with a production of 25-30 wet tons/year. 

 

3.1.2 Technical Developments in GENIALG 

From the above mentioned challenges for ALGAplus operations upscaling, the following aspects have 
been in the focus for the GENIALG activities, performed in a close collaboration between ALGAplus 
and INEGI, all of them described in detail in other deliverables. 

a. Perform an energy audit in the current land-based system, define a plan for rationalizing energy 
consumption and analyse the technical viability of integration of photovoltaic solar technologies; 

b. Work towards a reduction of intensive labour, mechanizing the harvest of seaweed biomass. 
c. Increase biomass yields testing a mono-strain cultivation approach (outputs of WP2) 
d. Review, study, design and build a new raceway system in earthen-ponds following the limitation 

of a NATURA 2000 site and the needs of minimized energy consumption. 
e. Validate the operation of the new raceway system capable of being replicated in ALGAplus 

facilities but also in other similar EU locations for seaweed farming – in the next section. 
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Perform an energy audit in the current land-based system, define a plan for rationalizing energy 
consumption and analyse the technical viability of integration of photovoltaic solar technologies – 
INEGI and ALGAplus 

This was done between 2016 and 2019 in the land-based tank 
system. After the audit that identified the main constraints, points 
of high energy expenditure, a plan for rationalizing energy 
consumption was produced by INEGI for the company. Some of the 
solutions pointed out were: 

§ Replacing equipment in water and air support systems 

§ Implement night/day and seasonal pumping operation periods 

§ Centralized energy management system 

 

 

 

 

 
 
Work towards a reduction of intensive labour, mechanizing the harvest of seaweed biomass – INEGI 
and ALGAplus. 
 
Several concepts were evaluated according to several parameters identified by ALGAplus and a 
literature review. A pumping system was defined as the most suitable to operate in land-based tanks 
and raceways, as well as with different algal species. INEGI developed the project and built a prototype 
of a modular algae harvesting system, while ALGAplus finalized the system with the necessary 
adaptations to operate in the farm. 

 

 

Figure 15: Scheme of developed harvest strategy (left) and pump implemented (right). 
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Increase biomass yields testing a mono-strain cultivation approach (outputs of WP2) - ALGAplus 
 
In October 2019, the three selected strains (R6; R11; R13) 
in WP2 reached cultivation in the commercial size tanks 
(20 m3) and were kept until mid-December 2020, with 
average yields ranging from 0.7-1.1 kg (ww)/m2/week. In 
January 2021, these strains were re-upscaled from the 
stock cultures kept in the experimental outdoor tank 
system (230L capacity) to commercial size operation 

tanks, including the new raceway system. At this point, the strains able to withstand the conditions of 
the commercial size operation with best growth performances are R11 and R6, the latter having 
reached cultivation in the new raceway system (each raceway with 306 m2). 
 
Besides having obtained better growth rates, strain R6 also displays larger and less perforated sized 
blades, determined by regular quality controls. Data on frond size, texture, colour, epiphytes and 
reproductive status was collected from sampled individuals of strains R6; R11 and R13 during visual 
quality controls, at ALGAplus. All strains presented perforated blades of a small to medium size area 
(chart sizes 3-4) that tear easily (Figure 10). Blades were estimated predominantly as level 7 coloration 
according to the pantone scale 390U in relation to tissue nitrogen (Robertson-Andersson et al., 2009*). 
Individuals did not present significant epiphytes apart from occasional diatom light coverage. 
 
Review, study, design and build a new raceway system in earthen-ponds following the limitation of 
a NATURA 2000 site and the needs of minimized energy consumption – INEGI and ALGAplus. 
 
A short literature review about the design of raceway-based solutions, focusing on water 
management, filtration systems and water circulation mechanisms was done, as well as exchanges 
with South African stakeholders already using raceway systems for Ulva farming. Intensive 
characterization of the hydraulic network, local topography and surrounding tide behaviou was done. 
Several cross-cutting issues related to the design of raceways (such as stability, water supply and 
piping, water conditioning and filtration systems) was also taken into account. ALGAplus established 
a “wish list” describing the needs for the system and these were taken into account during the design 
and construction (overview below). 
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INEGI also took the lead in: 

§ Study the tide variation nearby the property. Optimization of tidal flows for water renewal 
§ Estimate head losses and water demands 
§ Validate numerical simulations of the water using dynamic computer simulation of fluids, to 

minimize energy consumption of the actuators in the algae production tanks 
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Figure 16: Flow simulation of pond system developed and implemented. 

 
A final design of the raceway system (15 units) occupying 1 earthen-pond  (nº7) was defined with 7 
pairs of raceways + 1 smaller raceway unit. The design attended: 

§ Energy efficient raceway: 
§ Minimization of energy consumption 
§ Minimization of zones of low speeds 
§ Maximization of vertical mixing 
§ Continuous water flow  
§ Efficient paddle-wheel system 

 

 

Figure 17: Extension plan with several raceways in earthen pond (left), and position of targeted pond for next 
phase in the ALGAplus concession(right)  
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3.1.3 Large-scale Cultivation Demo 

The developments described in the section before were aimed at supporting the upscaling phase of 
the industry towards biorefinery scale. Objective was to demonstrate the technical feasibility of Ulva 
sp. farming in refurbished earthen-ponds up to a demo scale of 160wet tons/year, designing and 
validating the operation of a raceways system, implementing mechanized seaweed harvesting 
methods, all this as a basis for extrapolating to Ulva farming in Southern Europe. 

After delays mostly related to bad weather and material deliveries, the 2 first raceways, necessary to 
demonstrate the viability of the new system were finally ready to operate in late 2020. 

 

 
Figure 18: The 2 new raceways designed and built during GENIALG (each with 306m2). Materials used are in 
conformity with a NATURA 2000 site standards. Immediate capacity of the farm doubled with this system. 
Highest yield attained reached 8kg wet /m2/month with a local selected Ulva strain (WP2). Currently 13 more 
raceways are being built and the farm will reach 160 wet tons/year in 2022. 
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Figure 19: Harvest machine in operation in the 2 new raceway system. The system can harvest 1 raceway (300m2 
= 0.7-0.8 wet tons in 2h with 2 operators). 

 


