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Abbreviations and Acronyms 

 

Abbreviation / 
Acronym 

Description 

AS Activated Sludge 

AD Anaerobic Digestion 

BOD Biological Oxygen Demand 

CAGR Compound Annual Growth Rate 

COD Chemical Oxygen Demand 

CAPEX Capital Expenditure 

DAF Dissolved Air Flotation 

DHA Docosahexaenoic Acid 

F&B Food & Beverages 

FEFAC European Feed Manufacturers Federation 

HRAP High Rate Algae Pond 

JRC Joint Research Centre 

R&D Research and Demonstration 

RO Reverse Osmosis 

TRL Technology Readiness Level 

UF Ultra-Filtration 

WWTP Wastewater Treatment Plant 

Table 1: Abbreviations and Acronyms 
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1 INTRODUCTION 

 

This report consists in a study to identify the market strategy for the SALTGAE 
technology, which is based on the cultivation of algae for biomass valorization by using 
High Rate Algal Ponds (HRAP) technologies and by recycling saline nutrient-rich 
wastewaters from Food and Beverages industry. The objective of this report is to assess 
the present technical and market framework in relation to the proposed technology, with 
the aim to facilitate the innovation and take-off of this new solution in wastewater 
treatment sector. 
 
In order to identify a roadmap towards the market development of SALTGAE process, the 
study investigates the state of the art of the proposed solution in the context of wastewater 
treatment sector and of and algae products market in Europe. The TIS (Technology 
Innovation System) analysis, performed in D 8.1. has identified the most relevant aspects 
of the SALTGAE technology in terms of technical innovation, potentials in the present and 
future market, and relevance among the stakeholders. As a subsequently activity, this 
report aims at implementing the outcomes from Technology Innovation System report 
provided by EUBIA, to identify a strategy towards the development of SALTGAE proposed 
solution in the Wastewater treatment sector. The present document will quantify the 
position of the proposed technical solution within the present context, assessing the 
readiness level of different aspects, considered as crucial for technology future 
development, in order to identify the existing strengths on which basing the strategy for 
solving most relevant barriers and weaknesses now hindering the commercial uptake. 
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3 TECHNOLOGY READINESS AND SUSTAINABILITY 
 

3.1 Research and demonstration activities performed in microalgae 
integration in WW treatment sector 

 
I 3.1 A - Industrial research activities 

The number of Industrial research initiatives carried out during the last 10 years represent 
a high-level indicator of the actual potentials for the technologies where algae are applied 
in wastewater treatment. According to the D8.1. outcomes, the private, or partially 
privately funded projects on this topic demonstrate the interest of the industrial sector in 
the technology concept and, therefore, they give an idea on the expected growth. At the 
same time, it must be considered that research activity has the scope of improving 
companies “sustainable image”, but sustainability image itself is considered as an 
incentive to launch a technological transition. In the case of SALTGAE concept, the 
number of industrial research and demonstration activities in the algae sector has been 
assessed considering the identified European projects where industrial organizations are 
involved, and the existing demonstration plants owned or operated by industrial actors in 
EU. Despite the large number of positive results reported by research and experimental 
initiatives, few demonstration plants are currently operating in Europe under the control of 
wastewater industries or industrial algae end users. The largest plants can be identified in 
non-EU countries, probably due to EU high costs and strict wastewater treatment 
regulations. This indicator has been evaluated with a 3, in a scale from 0 to 5. 

I 3.1 B - Innovation in research initiatives  

Innovation in research initiatives represents another core aspect for assessing the 
potentials of a technology. In fact, an intensive research activity is often related with a 
wide range of technical and strategical solutions to adopt for optimizing the process and 
the technology. In the algae cultivation and water sector treatment, research activity is 
producing innovative studies every year in different EU countries, more than in other 
similar sectors, like bioenergy, or biofuels. This indicator has been evaluated with a 5 in a 
scale from 0 to 5. 

I 3.1 C - Technology Readiness level 

The TRL assessment has been evaluated starting from the produced results obtained by 
the SALTGAE project, reported in the table below: 

Table 2. TRL of different equipment elements in SALTGAE system 

Process TRL 

Dissolved Air Flotation 9 

2-step AD 7 

Algal ponds 8 

Harvesting 8 

Pre-treatment before desalination 9 

ED 9 

Reverse Osmosis 9 

Protein extraction 3/4 

Piglet feed 5 

Platform chemicals 6 

Edible coatings 7 

3D-printing paste 4/5 

Biocomposites 4/5 
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In addition to the existing and ongoing projects identified, other regional projects have 
been financed in different EU countries, strengthening the fact that this topic is still of 
great interest for public private financing institutions. This indicator has been valued with 4 
on 5 in the present study.  
 

I 3.1 E - Research to demonstration experiences 
 

Research to demonstration means the number of research activities, which achieved to 
effectively upscaling from research status to a real demo-plant operating at higher TRL 
(es TRL 7-8). The KOTO plant is one of the largely developed in Europe and it represents 
the excellence in the microalgae application for digestate treatment. However, the amount 
of operating demo-plants producing algae biomass from wastewater is limited to few 
demo-sites area, like Algae Park in Wageningen, Algatec in Portugal, Biofat demo-plant 
and Secil plant. Most of these demo-plants are not operating with wastewater. For this 
reason, this indicator has been valued with 2 on 5 by the present study 
 

3.1.1 Consideration on driver 3.1. 

 

The research and demonstration activities on the SALTGAE sector show a good 
development status. The most relevant weakness is represented by the reduced amount 
of demonstration activities carried out at industrial scale. However, many new international 
projects are attracting the attention private actors. The interest is growing, and more 
demonstration scale plants are operating in these years, confirming a positive trend.  
 

 

Figure 1. Research and demo activities on microalgae integration in ww treatment sector 

3.2 Sustainability of conventional wastewater treatment practices 

 

The opportunity for a novel technology to penetrate the market is strongly related with the 
need of new solution for the target market sectors to which the technology is addressed. 
In this case, SALTGAE technology aims to represent an innovative, attractive solution for 
F&B industry.  The most common Wastewater Treatment system in use in the F&B 
industry is the Activated Sludge system. Activated sludge is the result of a process 
distributed in three main steps: aeration tank, which serves as bio reactor; a settling tank 
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Therefore, the sludge effluents are usually recycled at the top of the plant or disposed. 
Value of this indicator has been identified with 1 on 5. 
 
I 3.2 D - Water purification efficiency 
 
The removal efficiency of BOD was found to be 94.56% and that of TSS was 93. 72%. 
The individual units are also performing well, and their removal efficiencies are 
satisfactory. BOD and TSS removal efficiencies of the primary clarifier are 30.59% and 
50.61% respectively. BOD and TSS removal efficiencies of modern activated sludge plant 
(Aeration tank + Secondary clarifier) are above 90%. In general, despite the energy costs, 
and the lack of products recovered, the water purification achieved by conventional 
systems is high, ensuring a safe discarding or partial re-utilization of the depurated water. 
This indicator has been quantified with 5 on 5. 
 

I 3.2 E - Present circular solutions in conventional WWT plants 

Recycling organic elements and depurated water is a common trend which involves all 
those industry sectors producing relevant amount of effluents. Algae application In WWT 
sector gives the opportunity to extract a high value material from a problematic waste. In 
order to evaluate the actual potential of this solution to penetrate the WWT sector, another 
indicator has been identified to analyse the Sustainability of present WWT practices: the 
circular solutions available with conventional technologies.  In general, circular solutions 
available depends on the quality and on the market interest in the recovered products. As 
mentioned above, obtainable products valorisation is a critical aspect, as organic sludge 
obtained from Activation is almost no-value. On the other side, water after depuration has 
a rather high quality, which allows local reuse. The indicator has been valued with 3 on 5. 
 

3.2.1 Consideration on driver 3.2 

 
The below chart reports the general situation concerning the wastewater treatment 
practices which are currently adopted by F&B and civil industry. The driver shows that 
presently adopted technologies, like activated sludge treatment, have a main bottleneck, 
no products are obtained, no valorisation of organic matter is performed.  
 

 

Figure 3. sustainability of conventional wastewater treatment practices 
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3.3.1 Consideration on driver 3.3 

 
The below radar-chart shows the results of 5 indicators analyzed above. Technology 
complexity is the most evident characteristic of SALTGAE process in comparison with 
existing solutions. This could represent a barrier against the industrial application of this 
process as a substitute of conventional simple systems 
 

 

Figure 4. Benefits demonstrated by HRAP technology in comparison to present solutions 

 

3.4 Stakeholders involved in the technology optimization and application 

 

The number of stakeholders active in the technology sector is a strong driver giving the 
awareness about both the interest behind a technology, and the attractiveness in terms of 
market potentials. Therefore, this sub-function has been studied considering 5 
stakeholders’ categories, all of them directly involved in the technology development. This 
function is targeted to quantify the state of development of the technical solution 
proposed, thus it is different from the general stakeholders’ analysis, which includes 
actors which are directly and indirectly involved in the proposed technology. The amount 
and relevance of stakeholders has been assessed giving to each category a “votation”, 
from 1 to 5. The vote determines the availability of stakeholders involved or potentially 
involved in this sector, translating the number of actors in a readiness assessment for the 
proposed technology. 0 means no stakeholders available, 5 means many stakeholders 
easy to identify. 
 

I 3.4. A - WWT Technology providers 
 

According to the Environmental XPRT, a global environmental industry marketplace and 
information resource, there are more than 90 WWT companies using streams from the 
F&B industry in Europe. These companies differ on business types, such as 
Manufacturer, Distributor, Engineering service provider, Technology, Consulting firm, 
Service provider, Software vendor, Laboratory and Market research company. 70 
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companies are engaged in innovative water treatment. However, companies accountable 
for desalination wastewater treatment in F&B industries in Europe, it was found 20 
manufactures, 8 distributors, 2 service providers, 5 technologies companies and one 
engineering services provider. The names and location of the companies have been 
identified in D8.1. and listed carefully. In addition to them, many other companies are 
producing and selling technologies for wastewater treatment, adopting biological, but also 
membrane filtration, and other solutions available on the market. For this reason, the 
amount of technology providers in the field of WWT treatment has been valued with 5 on 
5.  
 
 

I 3.4. B - Algae biomass end-users 
 
The evaluation of the number of algae biomass end users has been performed 
considering the type of algae produced by SALTGAE demo plants (Chlorella, Spirulina, 
Dunaliella). The use of algae as aquaculture feed is a well-established application. It is 
estimated that about 30% of the current world algal production is sold for animal feed 
applications, primarily for aquaculture.  Other sectors target of SALTGAE projects, are 
proteins, edible coatings, and chemicals. Potentially, if we consider algae as a general 
biobased stream usable for industry sectors, we can imagine a large-scale market and a 
huge number of stakeholders. However, at present, the only existing industry using 
microalgae at commercial scale is the animal feeding (fish farming, feed additives). For 
this reason, this indicator has been valued with 3 on 5. 
 
I 3.4. C - Technology End Users 
 
Technology end-users are those F&B industries and, in general industrial sector with high 
salinity wastewater to treat. The food and drink industry is the EU's biggest manufacturing 
sector in terms of jobs and value added. It’s also an asset in trade with non-EU countries. 
The important trade surplus in food and EU food specialties is well appreciated overseas. 
In the last 10 years, EU food and drink exports have doubled, reaching over EUR 90 
Billion and contributing to a positive balance of almost EUR 30 Billion. At the same time, 
the strict regulation existing in EU for F&B industry sector imposed large industrial actors 
to fulfil all requirements concerning water recycling and purification. For this reason, the 
sector is already equipped for WWT and the technology proposed by SALTGAE is a 
substitute of existing solution. For this reason, despite the large size of this economy, the 
value for this indicator has been defined at 4 on 5.  
 
I 3.4. D - Research institutes 
 
According to Deliverable 8.1., there are about +300 research groups on microalgae in EU 
and +90 in other European countries (including Turkey, and Eastern Europe) each 
research group has 10-20 persons and there are several dozens of isolated researchers. 
Approximately, more than 10.000 persons are doing research on microalgae in Europe. 
R&D activities are covering the key elements of the value chain for increasing the 
sustainability of technology. In Europe, there are 57 master programs in Environmental 
engineering. Environmental engineering is an academic area of study that trains students 
to mitigate or remove the waste and pollution produced by manufacturing and other 
harmful business industries. There are 14 studies programs specialized to water and 
wastewater treatment. In the interview with our expert, it was discussed the knowledge 
development needed for sustainable skills for WWT. According to him, the current 
situation is no ideal because of complexity of it which requires of work labor with a 
different academic background, from mechanical engineering to marketing studies. Also, 
there is a lack of a postdoctoral researcher conducting research after the completion of 
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their doctoral studies in this sector due to high prices for education.  There are many 
training programs on algae to educate the next generation of skilled algal technicians to fill 
new job openings and to support algal commercialization. The number of research 
centers, and the number of activities carried out on algae at research and demonstration 
level represent a strength of this sector. For this reason, the value for this indicator is 5 on 
5. 
 
I 3.4. E - Algae production technology providers 
 
This indicator was evaluated with 1 on 5. Algae sector is still considered an emerging 
sector. Cultivation of algae have reached an industrial development level only in few 
cases where fresh water was used for intensive microalgae cultivation. The knowledge on 
algae cultivation systems is a strong basis for the development of dedicated algae 
cultivation technologies adopting wastewater as growing media. However, the sector is 
still approaching the commercial development. Therefore, providers are still lacking in the 
market. 

3.4.1 Consideration on driver 3.4 

 

The below radar-chart shows the results of 5 indicators analyzed above. The Microalgae 
cultivation sector is represented by few actors. This aspect is due to the emerging stage of 
microalgae cultivation industry. 
 

 

Figure 5. Stakeholders involved in the technology optimization and application 
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I 4.1. C - Waste sludge disposal costs 
 
A great advantage of SALTGAE system is that waste sludge will be avoided thanks to the 
purification performed with algae growth. For this reason, HRAP technology can 
guarantee the avoidance of waste sludge by F&B wastewater treatment plants, with a 
direct impact on companies’ cost saving. This indicator has been valued with 5 on 5. 
 
I 4.1. D - Equipment maintenance costs 
 
Equipment maintenance is directly related with personnel costs. The integration of algae 
cultivation ponds in WWT plants will have a direct impact on plant management. Algae 
harvesting and collection will be monitored, and maintenance activities could be needed 
periodically to change membranes, clean ponds, adjust water parameters. For this 
reason, the proposed solution is estimated to have higher maintenance costs in 
comparison with existing technologies. Therefore, the indicator value is 2 on 5. 
 
I 4.1. E - Value of purified water 
 
According to the tests performed by SALTGAE partners demonstrated effective COD 
reduction by algae cultivation in wastewater, and a valuable performance in nutrients 
absorption. Additionally, algae harvesting with membranes allows to obtain a good quality 
water for different reuse. At the same time, water output quality can be achieved without 
microalgae cultivation, but just thanks to the application of COD reduction system and 
membranes filtration units. For this reason, SALTGAE system has been neutral 
concerning the water output purification quality, and the value identified for this indicator is 
2,5 on 5.  
 

4.1.1 Considerations on driver 4.1 

 
The below radar-chart shows the results of 5 indicators analyzed above. Personnel cost 
will be higher in comparison with existing solution. This aspect is representing a strong 
bottleneck towards the technology business development. 
 

 

Figure 6. Economic impact on HRAP system on F&B wastewater treatment operations 
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ingredient are restricted: only Spirulina (Arthrospira), Chlorella and Dunaliella are used. 
Despite the positive nutritional composition, dried micro-algae use as direct food have not 
gained significance as food or food ingredient. The reason for this minimal use in food is 
several obstacles. The first is related to the “taste properties” of dried algae biomass. The 
powder-like consistency, the green colour and the fishy smell of the algae biomass are the 
most significant obstacles. The high production cost is the final obstacle. Protein is one of 
the main nutrients that will be in short supply in the future. Alternative protein sources and 
production methods are required to fulfil the demand of consumers and to meet predicted 
global protein requirements. Algae are generally regarded as a viable protein source, with 
EAA composition meeting FAO requirements and they are often on par with other protein 
sources, such as soybean and egg.  
 
Several businesses have been set up for the sale of algal products, which produce 
protein- and lipid-rich algal flour. According to “mordorintelligence”, the global algae 
protein market is expected to register a CAGR of 6.5% during the forecast period (2018-
2023), owing to the growing demand for plant-based protein alternatives, the positive 
effects of the algae proteins on the immune system, and their attributes that improve the 
nutrient content of the food. Europe leads the market for algae proteins, owing to high 
research in the growth of algae and cheaper methods of preparation of the protein from 
algae. In the APAC region, India and China have been dominating the market, owing to 
increasing consumer awareness regarding the health benefits of algae protein.  

Animal feed.  In 2016, the global animal feed production was about 1 billion tons, for 
around 400 billion dollars of market turnover. The high protein content of algae can also 
be beneficial for use as animal feed, including aquaculture, farm animals, and pets. An 
estimated 30% of global algal production is estimated to be used for animal feed, with 
50% of Spirulina biomass in particular used as feed supplement due to its excellent 
nutritional profile. Several species of microalgae including Spirulina, Chlorella, 
and Schizochytrium sp, and seaweed can be incorporated as protein sources into the 
diets of poultry, pigs, cattle, sheep, and rabbits. Most of the research on the incorporation 
of algae as animal feed has been carried out with poultry, likely due to their promising 
prospects for improved commerciality. Tasco® is an example of a proprietary seaweed 
meal derived from A. nodosum, produced by Acadian Seaplants in Nova Scotia, Canada, 
which has demonstrated beneficial properties when included in animal feed.  

 
Figure 11. Global compound feed production in 2016 (MTons). Source: FEFAC 

https://www.mordorintelligence.com/industry-reports/asia-pacific-algae-protein-market





















































