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Preface 

This report provides stakeholders with information and material to understand the C&S Algae 

principle and using the information in further stages of the project. The project is supported by 

the supervisor Andreas Willfors. 

The circular and sustainable algae document has been developed by four exchange students 

of Novia University of Applied Sciences. The project functions as the main project for the 

exchange students in name of the European project semester. Novia University of Applied 

Sciences provided the project in collaboration with the Erasmus+ association. The project is 

not financed and has purely been created for personal development for the European 

exchange students. 

The following subjects are evaluated in the report: Chapter 1 contains the introduction phase 

of the report. Chapter 2 consists the methods and techniques which are used to create the 

report and get input for the report. Chapter 3 encloses the SWOT-analysis where the 

strengths, weaknesses, possibilities and threats are discussed. Chapter 4 is named the algae 

possibilities model. It is an extension of the SWOT-analysis. The influence on the planet, 

people and profit sectors are described in the triple-p-model in chapter 5. A simplified model 

of the C&S Algae can be found in chapter 6. In chapter 7 algae food and benefits have been 

described in general. In chapter 8 the combination of the algae food and biogas production is 

documented. The chemical reactions and background of algae is formulated in chapter 9. 

Considering all the factors that have an influence on the productivity of algae in combination 

with an influence model have been documented in chapter 10. Chapter 11 contains marketing 

concepts and brands that have been created in collaboration with master marketing students 

of the University of Vaasa. To enlighten the commercial part of C&S Algae, a business model 

has been created in chapter 12, to determine the revenue model and financing the start-up. 

The conclusion and recommendation of the final report can be found in chapter 13. The last 

chapter contains the project management information. Additional information is positioned 

in the appendixes of this report. 

This report is developed for external stakeholders, professors, lecturers and students of Novia 

University of Applied Sciences. The C&S Algae project group wants to give a special 

appreciation to Andreas Willfors and Roger Nylund for the support during the project.  

Vaasa, Finland 12-12-2018. 

Adrian Schneller, Corinne van den Brink, Max Mallant, Zowie Segers.
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Summary  
 

The Transalgae project of the Nordic countries works on a fossil free future by using algae to 

develop renewable energy sources. This process includes several steps and each department 

works on a different subject. These subjects include different techniques for cultivation, 

harvesting, producing oil through extraction with HTL and producing biogas through anaerobic 

digestion. Many people are working on their own part of the project, therefore the C&S Algae 

project is asked to clarify the Transalgae project. Furthermore acting as consultants for the 

marketing students of Vaasa University, customers and stakeholders to understand and be 

aware of the possibilities of algae.  

To do so, a certain amount of information was gathered about circular economy and the 

process of biofuel out of algae. Several models have been used to explain and clarify the 

business and chemical process of algae into food and fuel. Weekly meetings took place with 

Andreas Willfors the supervisor, where the achievements and expectations were discussed.  

In the algae possibility model the opportunities and possibilities of the C&S project is 

positioned. Explaining the sustainable opportunities about algae the triple-P-model is used. It 

explains the possibilities for a better environment for the People, Planet and Profit. A 

simplified model was created to understand the circular economy. The chemical background 

of algae is explained using a detailed chemical flow chart showing the process from algae 

cultivation until the production of the end products. A SWOT-analysis was made to visualize 

and determine the strengths, weaknesses, opportunities and threats.  

Furthermore, this report includes the possibilities for combining macro- and micro algae 

cultivation. The benefits for macro algae as food will be explained as well as the different 

species of macro algae. During the workshops with the marketing student of University of 

Vaasa branding concepts have been created, these have been put together in chapter eleven. 

The C&S Algae report will be closed by a conclusion and recommendations for further 

research. 

For project management, the Belbin test was done by each project member. The cost, 

communication, quality, risk, change, and human resource management tasks is found in the 

project management chapter. 
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1. Introduction 

 

The Circular & Sustainable Algae project is linked to the overall Transalgae project, a cross-

border cooperation in the Botnia-Atlantica region. The C&S Algae project has different 

stakeholders and collaborations including the University of Vaasa and Novia University of 

Applied Sciences. The mission with the C&S Algae project is to find innovative solutions for 

renewable energy and product concepts from macro algae which are cultivated in the Nordic 

climate. The project group will participate in branding new algae products, design the 

roadmap of the algae and finally to understand and support the C&S Algae principle. 

 

The C&S Algae project is offered within the European Project Semester by Novia University of 

Applied Sciences and the University of Vaasa. In the first phase the goal is to develop 

sustainable business models for microalgae cultivation. In the second phase the EPS students 

focus on the production processes of macro algae food concepts in collaboration with 

marketing students of the University of Vaasa. The EPS project group must combine their skills 

to consult and support master marketing students of the University of Vaasa (Willfors, Algae 

cultivation , 2018). Connected goals are increasing skills with technical knowledge working 

within a multicultural environment. The end results of this project should include: 

¶ new algae food concepts, 

¶ a roadmap for the algae-based products   

¶ introduce the C&S principle to the stakeholders. 

In general, the EPS project is divided in two separate researches with two reports. The first 

report is the midterm report containing information and models about sustainable business 

models for micro algae cultivation. The midterm report must connect with the final report, 

which focuses on production processes of macro algae cultivation. The final report should 

deliver algae-based product concepts in collaboration with the marketing students of the 

Vaasa University. To realize the objectives as described in the paragraphs above, the project 

group developed a structured way of working. This was done by defining sub-objectives that 

must be reached to achieve their final goals. The visualization and a clear description of the 

project structure can be found in Appendix 1. 
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2. Methods 

 

The assignment description of the C&S Algae project is explained in the section below. A clear 

comprehensible picture of the C&S Algae project was made for stakeholders, lecturers and 

students. For the conclusion of the project a mission, vison and objectives were developed to 

set a goal for the final report. The report includes a project management part as well as the 

technical and economical part. Therefore, several research methods and techniques have been 

used briefly explained in this chapter. 

Research Methods 
The main task for the final report and the conclusion of the project was to create a circular 

and sustainable economy model for the Ostrobothnia region. In this model a possible 

combination of micro- and macroalgae cultivation is explained with focus on algae-based food 

brands and biogas production. 

Preparing for the workshops with the marketing students and for the final report further 

reading and literature research had been done. Focussing on macroalgae, also known as 

seaweed, and gathering information about edible seaweeds and algae-based food. The final 

report is written in a time frame of approximately fifteen weeks based on the results of the 

midterm report and the outcomes of the workshop. A work breakdown structure (WBS) and 

dictionary derived from the new mission and vision. The WBS was developed to see which 

tasks needed to be done, and by whom. 

To clarify the project several models are used such as the updated triple-p- and circular 

economy model and the algae possibilities model. Further chapters give summaries about 

edible seaweeds and a possible combination of the productions of micro- and macroalgae 

respectively food and biogas. To give an insight into the chemical processes the chemical 

background of microalgae and the cultivation influence factors are explained. 

The economical part is described by marketing concepts for seaweeds and set up with the 

marketing students of the University of Vaasa. The business model shows the necessary 

factors to be considered when the project is commercialised.  
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3. SWOT-analysis  

 

This chapter will provide insight of the current phase of the TransAlgae project in the 

Ostrobothnia region. By using a SWOT-analysis in combination with a confrontation matrix, a 

well substantiated analysis can be formed. To develop a clear visualization, the project group 

linked the SWOT-analysis with a confrontation matrix and developed a bar chart. In the bar 

chart every subject is weighed with the same number rating as in the confrontation matrix. 

The bar chart will clarify the analysis of each subject that has been used in the SWOT-analysis. 

 

3.1 General information  
In the figures below, the SWOT-analysis has been worked out and applied to the current phase 

of the TransAlgae project. A SWOT-analysis shows what the structural competitive 

advantage (SCA) of the project in the current market is. The SWOT-analysis will give a clear 

picture of which points, and competences the project in a structural sense distinguish itself 

from the competition. Especially the aspects that are linked to the project are focused on the 

long term, and are relevant in the eyes of the market and customers. This relevance is 

expressed in willingness of the market and customers to pay extra for the products. In 

combination with the confrontation matrix, the diagram also shows the influences that the 

elements have on each other. Ending a SWOT-analysis can be a useful tool to reflect on how 

the project is positioned. Especially the pitfalls of the project can provide a good eye-opener 

as described in the models below (Kleijn H., 2016). 

 

 Table 1 SWOT-analysis 
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Table 2 Confrontation Matrix 
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Many competitive companies with other 

innovative solutions  
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2 Biofuel will not be a fuel for the future  1  1  1  1  1  3  3  1  3  1  

3 Weather/climate changes  1  1  3  1  1  1  1  3  5  5  

4 
Many diverse materials and chemicals in waste 

water  
1  1  1  1  1  1  1  1  3  5  

5 No acceptance by the customer  1  1  3  1  3  3  1  1  3  1  

 

Legend 

Large amount of similarity: 5 

Medium amount of Similarity: 3-1 

No similarity:   0 
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Table 3 SWOT Bar chart 
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3.2 Analysis 
The results of the confrontation matrix are shown in the figures above. The key points will be 

discussed and explained more detailed. 

The strongest subject of the TransAlgae project is the innovative and sustainable technology 

that has been developed. The TransAlgae project focuses on a diverse quantity of modern 

technologies that all have a sustainable character. For example, the biogas, biofuel, 

wastewater filtraǘƛƻƴΣ ƴǳǘǊƛǘƛƻƴΩǎΣ algae-based food and CO2 reduction (Berg, 2018). All the 

products are based on the TransAlgae principle, and have a positive effect on the 

environment.  

The major weakness of the TransAlgae project, according to the confrontation matrix, is the 

exchange of information. In the current phase of the TransAlgae project, a wide group of the 

different project leaders of the organizations participating professors are working on the 

TransAlgae project. Each organization focuses on a different part of the project. The exchange 

of information is a weakness, because the organizations does not share all their information. 

Since the exchange of information is broadly comprehensive, there is confusion between the 

professors of these organizations. The confusion was noticed during this seminar where 

professors had questions for other colleagues (Willfors, Algae cultivation , 2018).  

The main opportunity is the large potential market for the algae-based products. The 

innovative and sustainable products can cover a large area of the future market. The 

TransAlgae products are innovative, and within the upcoming year the world will focus on 

improving the environment. Every year this market will grow, and the possibilities of the 

TransAlgae are promising. 

The major threat for the TransAlgae market are the many competitive companies with other 

innovative solutions. Also, the weather and climate changes will affect the market and the use 

of the TransAlgae based products. Both subjects can become a major challenge in the 

upcoming years of development. 
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4. Algae opportunities   

 

In this chapter a sustainable model is described that has been developed by the EPS project 

group. The main goal of this model is to give an understandable view of the elements which 

are part of the C&S Algae project. The model will give an understanding about future 

possibilities while using the whole circular principle. Because the combination of the 

TransAlgae- and C&S Algae -principle is difficult to understand for external stakeholders. 

 

4.1 Possibilities model 
The model that is attached below is the algae possibilities model. This model has been 

designed by using the format of the TransAlgae principle. Eventually the C&S Algae principle 

could be formed by the visualization of the possibilities model. The upper side of the figure 

represents the objectives that have been formed during the analyzing phase of the SWOT- 

analysis. The large potential market can be divided in the objectives underneath. Those 

objectives give an ŜȄǇƭŀƴŀǘƛƻƴ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ΨΩǿƘȅ the C&S Algae principle is positioned as a 

large market potential?ΩΩΦ The last objective can be pointed out as the main reason of the 

possibilities. 

The figure points out the incoming resources, that are required to deliver the well-known end 

products, are positioned on the output side. Focusing on the input, the C&S Algae principle 

only uses waste streams and sustainable elements as food. Those waste streams can be 

formed in a large circular economy process. Every part within this stream of processes can be 

controlled, and gives contribution to a sustainable output. What can be pointed out is that in 

most models the external output is not being mentioned. The external deliveries are formed 

by using this whole principle and its waste streams after the use of the algae processes 

(Willfors, Biofuel Region, 2017). In fact, those waste streams have a positive and useful 

influence on the environmental problems. The positive external deliveries are visualized in 

figure 1 below. 

In the end, this model can be used to inform outsiders about the major possibilities that the 

C&S Algae project can provide to the community and the environment. The model gives an 

understandable way of thinking about the possibilities. The upcoming chapters will focus on 

each process and resource used in the figure below. 
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5. Triple-P-model 

 

The Triple-P-ƳƻŘŜƭ ƻǊ ¢ǊƛǇƭŜ .ƻǘǘƻƳ [ƛƴŜ ƛƴŎƭǳŘŜǎ ǘƘǊŜŜ tΩǎΥ tŜƻǇƭŜΣ tƭŀƴŜǘ ŀƴŘ tǊƻŦƛǘΦ These 

are three dimensions respectively social, environmental and economical. The model is used for 

sustainable development and for corporate social responsibility. The model identifies in which 

way algae business could contribute to the people, planet and economy. The social dimension 

stands for the care of employees within and outside the company: the whole society. There is 

a good working environment and employees have chances for development and own 

responsibility. The Planet stands for a proactive setup concerning natural environment and 

helping to solve environmental issues which the company can have influence on. The profit 

part is about creating something of economic value by producing goods and offering services. 

It is important that these three dimensions are balanced for the quality of life can be 

guaranteed for future generations. (Jonker, 2018) 

 

5.1. People 
The people or social part is based on the advantages an implementation of an algae-based 

circular economy would bring to the people and society. 

Implementing the algae principle means several social benefits to the people in the 

Ostrobothnia region starting with creating new and sustainable jobs as they are settled in a 

sustainable industry. Furthermore, the local job markets are supported and can offer new and 

variable jobs in the algae industry which results in a decreasing unemployment rate. These 

jobs are also long term oriented as sustainability is an issue still being current in many years 

and Finland wants to build up a countrywide circular economy until 2025. The jobs offered by 

the algae industry shall additionally increase female labor participation rate and contribute to 

equality in workforce. Mainly medium and small sized companies will be supported by the 

expansion of the job markets creating additional new infrastructure for them. Regarding daily 

life of the people the algae industry contributes to an improved life quality and well-being as 

it has a positive impact on the environment and long term regarded reducing CO2 emissions. 

This happens during algae cultivation for food production what brings healthy algae-based 

food products to the people. 
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5.2. Planet 
The environmental bottom line is about producing biogas, biodiesel and food out of algae. The 

concept seems to be an alternative solution for the use of fossil fuel, which has a significant 

impact on environmental issues. There are various parameters to be taken into consideration. 

Such as the use of chemicals and sources, the energy needed for the systems and reactors to 

work, transportation of raw materials and end products, but also what happens to the product 

when it reaches the end of its lifecycle.  

The cultivation of algae is strongly depending on the location and its climate. In the 

Ostrobothnia region the seasons are highly different from one another, making it hard for 

algae to grow. Especially during winter time when there is hardly solar radiation. In this case 

greenhouses are required, but these will need energy to produce light, and to keep a certain 

level of temperature. 

A broad base for cultivating algae is waste water and its nutrients (nitrogen, phosphorus and 

carbon). Something to take into consideration is where to build the system relative to the 

water source. Preferable close to each other, otherwise transport or pipes and pumps are 

needed, these will need fuel and energy which has a negative impact on the environment. 

Water within the process could be recycled, therefore the input of waste water will be 

reduced. Besides waste water, waste heat can be used; this heat can come for example from 

power generations or paper mills. 

Two systems can be used for the cultivation of micro algae, namely a race way pond (open 

system) or a photo-bioreactor (PBR, closed system). This PBR can be controlled so the 

environment for the algae to grow in is at its optimum. But therefore, this system requires 

much more energy than the raceway pond. Which is a shallow pond and uses solar radiation 

and the carbon dioxide from the air to grow algae.  

Speaking for the environment an open pond would be better but taking the climate of the 

Ostrobothnia region in consideration a PBR system would be better. As can be read above, 

during winter time in the Nordic countries there will be a greenhouse needed for the use of 

an open pond, this greenhouse will need energy to keep the water on temperature and 

produce radiation. 

For the harvest of algae there are diverse types of separation techniques that can be used, 

such as centrifugation, sedimentation and flocculation. Centrifugation is the most common 

technique used. Although when it is the only technique being used it costs much energy to 

harvest a small number of algae, therefore the other techniques are applied to make the 

harvest more efficient. 
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Flocculation is a technique where chemicals are added to form solid substances 

which than can be filtrated out of the system. In this case extra chemicals will be needed; the 

use of other chemicals will not be appropriate for the environmental aspect. These chemicals 

will be in a waste stream, and therefore need another process to be cleaned. 

Biogas is formed through anaerobic digestion and contains methane and carbon dioxide. This 

biogas can be used to produce electricity and heating but could also be transformed into 

biomethane. Biomethane can be used as transport fuel. It would be ideal for the environment 

if biofuel could substitute fossil fuel. It also helps the environmental issues since the algae uses 

carbon dioxide, light and nutrients to produce its biomass, the use of CO2 will help to reduce 

global warming. Also, this biofuel has a low CO2 emission. 

Concluded can be said that the process of biofuel out of algae has many benefits. Biofuel helps 

to reduce the use of fossil fuel; this biofuel has a low CO2 emission compared to the emission 

of fossil fuel. Algae can be used to produce food and pharmaceutical products. During 

anaerobic digestion fertilizer is produced, this can be used on land or can be recycled in the 

process for its nutrients. Photosynthesis uses CO2 to form algae instead of producing CO2. The 

use of CO2 in the process helps reduce global warming. This process does not compete with 

the food industry. Another benefit is that the process is bio-based meaning that biomass is 

used as raw material, it is ideally suited to replace the fossil raw materials. Besides that the 

process is bio-based, its products can also be biodegradable, another benefit for the 

environment. The entire process requires a lot of heat and energy but seeing the pros and 

cons of this process, it can be said that the overall picture will be better for the environment. 

Especially when compared to the processes that are being used now to get the same results. 

(Raphael Slade, 2013) 

 5.3. Profit 
The profit part is based on the economic and fiscal advantages that algae business could bring. 

This is mainly based on future revenue when the implementation of algae cultivation is 

adapted. Due to the hype of circular economy, the concept of algae has a potential global 

market and developing industry. There are a couple of headlines that makes algae a profitable 

concept. These are explained in this part of the triple-P-model (Langdong, 2010). 

5.3.1 Large market scale 
Many occasions ensure the business world to delve into the circular economy strategy instead 

of using fossil fuels and creating more waste than product. The concept of keeping as much 

materials as possible in the process and using the waste is desired for assorted reasons. The 

image of the company, creating less waste, makes more profit and environmental thoughts 

accompany the circular economy thought. This is where algae cultivation comes in as an 
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extension of the circular economy concept. As an addition the algae could be 

used as fuel for machines in the process, logistics, algae food production, algae fabrics et 

cetera. The various application areas make algae interesting for business but that is not the 

main cause that makes algae a profitable concept. The idea and process behind algae 

cultivation and utilisation makes it interesting for the current and future market because of 

the growing waste in the world (T.J & I.C, 2010). This waste problem will become very big in 

the future, in 30 years this will grow with 70% compared to the waste pile at this moment. 

Especially China would become a big market, the waste pile of this country will double in 2050 

(NOS, 2018). In summary the algae concept could reach a large market with a lot of application 

areas and used globally, provided that the implementation in the Ostrobothnia region will be 

successful. 

5.3.2 Convert waste into profit 
Another innovative and remunerative vision is seeing materials that are originally marked as 

waste convert into a useful product. By using waste water that has a considerable quantity 

just as algae, the vision of waste will be converted into a useful source to make profit. The 

algae contain nutrients that can be used for biogas and food. But the application areas of algae 

could be of greater extension. There can be clothes of algae fabric, packaging of products, 

cosmetics, eco services and chemicals. The global product market of algae is estimated to be 

four billion dollars in 2018 and grow to 5.2 billion dollars in five years (Berg, 2018). Algae 

protein and dietary supplements have the highest growth rate from all the application areas. 

The current trends of veganism, health and sustainable business give algae a boost to become 

even more profitable in the future. Concluding the potential of algae as a cradling of profit is 

shaped by the following aspects: huge quantity, several application markets and the demand 

of sustainable products are causes of a high market potential. 

5.3.3 Innovative business model 
The old-fashioned way of business is selling a product; however, this does not fit in with the 

business of the future. This is where the opportunity arises to get more profit out of algae. By 

selling a service to your customers there are several advantages pertaining to only selling the 

product (Johnston, 2018). Firstly, you can add services to your offerings, when you only sell 

products you are limited to a certain product that you can sell. This is an example of scalability 

that you can keep on expanding. Secondly when a business operates in algae cultivation it has 

a unique selling proposition when selling a service instead of a product. Companies that rival 

in the same market and selling the same products have limited number of ways in which they 

differentiate themselves from the competition. A service company can create several ways in 

which it differentiates itself from the competitors. Finally, with a service revenue model the 
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relation between the company and the customer is focussed on a long-term 

relation. This will emerge in a contract between the producer and client that results in a 

monthly income for the company. An example for algae could be a contract for a company to 

provide them with biofuel for the production machines and transport. The company does not 

only sell the algae but also the delivery and maintenance of the biofuel. Also, the 

infrastructure of the pipes at the company could be part of the service. Concluding a service 

revenue model would be the best strategy for companies that want to step into the algae 

business (Johnston, 2018). 
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6. Algae food and benefits 
 

In this chapter the main elements of algae food are described. The general information about 

macro algae species can be found in the first paragraph. In the following paragraphs the 

species are explained. The last paragraph contains the information about the human health 

and the future potentials of the algae food industry. 

 

6.1  General Macro algae species 
Algae based food is currently becoming the new worldwide super food. Many different 

universities and enterprises are currently researching the possibilities of algae-based food. 

The most important question is why we should use macro algae? To give a good explanation, 

it is important to look at the whole circular process of algae cultivation. In short terms, algae 

food contains a lot of healthy nutrients for the human body. Also, the consumption of algae 

food is environmental friendly and has big sustainable possibilities (Wageningen University 

and Research, sd). By comparing macro algae consumption with other food products, the 

benefits of algae-based food are huge. Currently researchers know that algae are one of the 

fastest growing organisms. Macro algae can use waste streams as their food. Macro algae can 

be defined as large aquatic photosynthetic plants. Other well used terms for macro algae is 

seaweeds. Macro algae can grow by the process of photosynthesis in the chlorophyll of the 

algae. Chlorophyll are the essential pigments of the macro algae that can receive sunlight. 

Sunlight in combination with nutrients, carbon dioxide and water are needed to realize 

photosynthesis. The macro algae receive the nutrients out of the water. Currently researchers 

can define three types of macro algae, brown seaweed, green seaweed and red seaweed. 

These marine algae have a vital role in the carbon capture on planet earth. For most people 

the service, functions and possibilities of seaweed is still a real underestimated value that 

planet earth provides. Seaweeds and planktons combined producing around 70% of the 

oxygen on planet earth (Diana Nelson, sd). 

6.2  Brown Algae  
Brown algae can be defined as brown seaweeds and contains a large group of multicellular 

macro algae. Brown seaweed are mainly located in low temperature waters around the 

Northern Hemisphere. According to researchers there are around 2000 species of brown 

seaweed on the planet (Wageningen University and Research, sd). Brown seaweed mainly 

grows between 0 and 40 meters under the water surface. Brown seaweed contains like other 

seaweeds a ƭƻǘ ƻŦ ƴǳǘǊƛǘƛƻƴΩǎΦ CƻŎǳǎǎŜŘ ƻƴ ǘƘŜ ŘǊȅ ǿŜƛƎƘǘΣ ōǊƻǿƴ ǎŜŀǿŜŜŘ Ŏƻƴǘŀƛƴǎ ōŜǘǿŜŜƴ 
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3-15% of protein as visualised in table 4. The brown seaweeds are important for 

the environment for especially the carbon fixation. For human consumption brown algae is 

healthy because brown algae contain a lot of valuable vitamins, antioxidants and minerals. 

Especially brown seaweed is healthy for the iodine, iron, magnesium, vitamin B-2, vitamin B-

9 and vitamin B-12 (Advances in Food and Nutrition Research, 2011). 

6.3  Green Algae 
Green algae can be defined as green seaweeds and is part of the Chlorophyta division. Green 

seaweeds are mainly located in freshwaters usually attached to submerged wood and rocks. 

According to researchers there are around 1200 species of green seaweed on the planet 

(Wageningen University and Research, sd). Green seaweed mainly grows between 0 and 15 

meters under the water surface. Green seaweed contains a lot of nutrition and is widely 

consumed in many different countries. Focussed on the dry weight, green seaweed contains 

between 9-26% of protein as visualised in table 4. Green seaweed has a vital role for the 

environment, because green seaweed is a source of food and oxygen for especially aquatic 

organisms. Green seaweeds also are important in the study of the evolution of plants. Green 

seaweeds did change well during the past. Also, for human consumption green algae is healthy 

because green algae contain lots of valuable vitamins, proteins, antioxidants and minerals. 

Especially green seaweed is healthy for vitamin A, C, E and K, along with folate, zinc, sodium, 

calcium and magnesium (Advances in Food and Nutrition Research, 2011). 

6.4  Red Algae 
Red algae can be defined as red seaweed and is part of the Eukaryote division. Red seaweeds 

are generally found in shallow waters, but red seaweeds can withstand low-light conditions in 

deep water. Many red seaweed species can be found in the North Atlantic Ocean. According 

to researchers there are around 6000 species of red seaweed on the planet (Wageningen 

University and Research, sd). Red seaweed mainly grows between 0 and 90 meters under the 

water surface. Red seaweed 

Ŏƻƴǘŀƛƴǎ Ƴŀƴȅ ƴǳǘǊƛǘƛƻƴΩǎ ŀƴŘ ƛǎ 

mostly consumed in Asia. Focussed 

on dry weight, red seaweed 

contains between 21-47% of protein 

as visualised in table 4. Red seaweed 

is a major source of food and oxygen 

for organisms. Red seaweed is 

healthy because red seaweed 

Table 4 Seaweed protein values 
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contains many valuable vitamins, proteins, minerals and antioxidants (Advances 

in Food and Nutrition Research, 2011).   

6.5  Nutrients  
Many different seaweed species contain a 

lot of nutrients. The amount of nutrients 

fluctuates a lot because of the species, the 

weight and the external effects of the 

environment. Some external effects are the 

amount of sunlight, depth of the algae in the 

ǿŀǘŜǊΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƴǳǘǊƛǘƛƻƴΩǎ ƛƴ ǘƘŜ 

water, the temperature and climate 

changes. TƘŜ ŀƳƻǳƴǘ ƻŦ ƴǳǘǊƛǘƛƻƴΩǎ ǾŀǊƛŀǘŜs 

if the macro algae is dried or wet. Table 5 

gives an indication about all the nutrition 

components of a piece of seaweed.  

As is visualised in the table 5. The 

possibilities of seaweed are huge because it 

contains a wide range of components. The 

applications of the nutrients in seaweed is advanced and, in many industries, seaweed can be 

ǳǎŜŘ ŀǎ ŀ ǊŜǎƻǳǊŎŜΦ 5ŜǎǇƛǘŜ ǘƘŀǘ ǎŜŀǿŜŜŘ Ŏƻƴǘŀƛƴǎ ƳǳŎƘ ƴǳǘǊƛǘƛƻƴΩǎΣ ǘƘŜ number of calories is 

low (Wageningen University and Research, sd). The combination between the huge amount 

of nutrients and the small number of calories makes seaweed/macro algae a super food. But 

it really depends on which macro algae is used.   

6.6  Human health and macro algae food  
Momentarily there is growing demand for macro algae that contains a lot of nutrients as 

described above. In many articles macro algae is positioned as a healthy food with a lot of 

health benefits. In many scientific reports macro algae have a big health potential on a wide 

amount of illnesses. But macro algae also have some negative effects while consuming. It is 

known that especially red algae have some side effects like the chance of high blood pressure 

and it could make the blood thin (Livestrong, 2017). This is because of the amount of vitamin 

K that macro algae could contain. It is possible that macro algae can contain heavy metals or 

residue of medicines. This is possible because the water where the macro algae are growing 

could contain these parts. Especially if the macro algae are harvested in open ponds or in the 

sea, these macro algae could be exposed on these elements. Heavy metals and residue of 

medicines can have a bad influence on the human health while consuming. To prevent the 

Table 5 Seaweed components 
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negative side effects or the risk of exposure of heavy metals or medicine residue. 

Regulations need to be created by the government for the maximum intake of a certain macro 

algae. Also, regulations about cultivation and harvesting should be created. At last more 

research is required about effects of macro algae on the human body. Within this way the 

negative effects of macro algae could be formed, and people can be aware of these elements. 
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7. Circular economy C&S Algae 

 

The following chapter explains a simplified possibility of an algae-based circular economy 

linked to the circular economy in Finland to be established in 2025. 

 

The Finnish government decided to establish a circular economy in Finland starting in 2016 

and finishing in 2025. There are five areas in the roadmap in which the circular economy shall 

be implemented. Two of these areas are about a sustainable food system and the focus area 

on transport and logistics considering replacement of fossil fuels and non-fossil alternatives. 

In both areas algae have the potential to contribute to reach the set goals. 

The food area in the roadmap is about recycling nutrients to increase biomass and minimize 

eutrophication by reducing nutrients entering waterways. This can be done using the existing 

nutrients to cultivate microalgae in waste water streams as explained in the following 

chapter 8. Macroalgae cultivated offshore as already done along the Norwegian coastline can 

use the remaining nutrients in the water to grow. The cultivation of microalgae leads to the 

area of transport and logistics in which biogas anaerobically digested from microalgae can 

work as non-fossil fuels and replace fossil fuels. (Sitra, 2016) 
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8. Combining production of food and biogas 

 

The following chapter explains the possible combination of food and biogas production based 

on algae. Therefore, the cultivation processes for micro- and macro-algae are explained to 

highlight the possible links between the processes. 

 

The productions of food and biogas are not directly linked together. The arising waste streams 

in waste water treatment plants in municipalities can be used for the cultivation of microalgae. 

The water cleaned by the algae during cultivation is released from the treatment plants after 

various interim stages to the ocean. There it contributes to grow seaweed in offshore areas. 

Microalgae use the nutrients in the waste water for growing and prevent subsequently 

eutrophication in the sea. (Prof. E. Meers, 2017) 

There are two possibilities for cultivating microalgae. One possibility is to grow them directly 

in arising waste water streams as can be seen in figure 2. A laboratory study was conducted 

on this topic with the local wastewater treatment plant in Vaasa. Waste water streams of 

municipalities are used to grow microalgae in them and to be cleaned thereby. The algae are 

anaerobically digested resulting in biomethane and digestate as products. The digestate can 

be used in agriculture as fertilizer to produce food however resulting in waste water streams. 

The biogas produced during anaerobic digestion can contribute energy and heat for further 

cultivation of microalgae. The water cleaned during micro algae cultivation can be released 

into the ocean. (Aberystwyth University, University of Southhampton, 2018) 

The other way of cultivation is to cultivate microalgae in the digestate of food and farm waste 

after being anaerobically digested. Excess waste nutrient (digestate) produced from anaerobic 

digestion of food and farm waste is then used to cultivate algal biomass for animal feed and 

other products of value. A report about the research on that was released by the university of 

Swansea in January 2018. (Swansea University, 2018) 

Macro algae, also known as seaweed, are cultivated in ocean- and seawaters. To combine 

micro algae cultivation with macro algae cultivation, a flow chart is created to oversee the 

possibilities for a circular economy (see figure 2). The clean water from micro algae cultivation 

which is released into the ocean is indirectly used to cultivate macro algae. These macro algae 

are used for food and pharmaceutical production. This production of these food and 

pharmaceutical products has waste water streams and therefore can be used for micro algae 
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cultivation. As said before the biogas can be used as energy. To make the circle 

complete the waste streams from the food production of agriculture can again be used for 

micro algae cultivation. 

 

  

Figure 2 Circular economy of algae cultivation 
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9. Chemical background 

 

This chapter contains the chemical background of algae. The cultivation of micro- and macro 

algae and the different steps for harvesting these algae are explained more detailed, as well 

as the extraction method the hydrothermal liquefaction and what happens during anaerobic 

digestion. Furthermore, a chemical flow chart can be seen at the end of this chapter to see 

where chemicals or raw materials are added, when which steps are taken and where the 

products are formed. 

 

9.1 Cultivation process 
Algae are photosynthetic organisms which grow in water. Solar radiation is needed as an 

energy source to grow. Algae are autotrophic, meaning they build their biomass from 

inorganic components: water (H2O), carbon dioxide (CO2), nitrogen (N) and phosphorus (P). 

The supply of carbon dioxide and solar radiation are the most important parts for fast growth 

of the algae.  

Algae grow through the process named photosynthesis. During photosynthesis solar radiation 

turns water and carbon dioxide into oxygen and sugars, algae uses these sugars to grow. The 

oxygen is a product of photosynthesis and must be released in the air, if there is too much 

oxygen in the process it reduces the photosynthesis and thereby reduces the algae growth. 

The temperature of the water is also of interest, depending on the type of algae it would be 

between 15 and 35 degrees Celsius. 

Influencing the amount of nutrients (nitrogen and phosphorus) in the cultivating system is 

relatively simple, the availability of solar radiation and the efficiency of the algae who uses 

that light is the most limited factor. (Janssen, 2013) (Raphael Slade, 2013)  

The cultivating process of photosynthesis works for both micro- and macro algae the same. 

The difference between these algae is that micro algae is a single cellular organism and is 

relatively hard to remove from water. Macro algae is a multicellular organism and has so called 

plant like characteristics. Due to these differences the way of cultivating is different, micro- 

algae can be cultivated in open-raceway ponds (open system) or in a photo bioreactor (closed 

system). 

The open system which can be used, is open to the air which makes it easy for the algae to 

absorb carbon dioxide from the air. In this case there is no extra source/input of carbon 

dioxide needed. In this pond a paddle wheel is installed to circulate the water preventing 
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sedimentation. These ponds are kept shallow for optical absorption and self-

shadow can cause limited solar radiation and thereby influence the growth of algae. (Willfors, 

Biofuel Region, 2017) 

Another system is a photo-bioreactor (PBR) which is an enclosed system with a series of 

transparent tubes or plates. The temperature, solar radiation, nutrient and carbon dioxide 

absorption can be controlled, so that the environment for the algae to grow in is at its 

optimum, where this is not possible for the race way pond. For a visual representation see 

figure 3. 

For the harvest of micro algae there are diverse types of separation techniques that can be 

used, such as centrifugation, sedimentation and flocculation. These type of separation 

techniques are used for separation of liquid and solid mixtures. All explained in the following 

chapters. 

Biogas is formed through anaerobic digestion and contains methane and carbon dioxide. 

Biomethane can be upgraded and formed into biofuel which can be used as transport fuel. 
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Figure 3 Algae cultivation 
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9.2 Harvesting of micro algae  
For the harvesting of algae several techniques are used in the following order flocculation, 

sedimentation and centrifugation. There is no efficient way where only one technique is used, 

because centrifugation will cost too much energy for the number of algae it delivers. The 

density of algae and water are close to each other meaning that the algae will not sink nor 

float, therefore it is challenging to harvest the algae and several techniques are needed. 

(Willfors, Biofuel Region, 2017) 

9.2.1 Flocculation 
During flocculation a chemical is added 

which will bond with the algae. This 

changes the density and condition of the 

algae. Figure 4 shows how flocculation 

works. The first tube shows the micro-

algae in the water, in the second tube a 

chemical (the flocculants) is added. In the 

third tube can be seen that the algae are 

bonding to the flocculants and in the fourth 

and last tube all the algae is flocculated. (Krunal K. Mehta, 2018) 

9.2.2 Sedimentation 
Sedimentation is mainly allowing the 

substances in a fluid to settle at the bottom 

of a tank, there will be formed two layers: 

substances on the bottom and water as can 

be seen in Figure 5.  

In this case the algae sink to the bottom due to 

the added flocculants. Sedimentation happens from tube three to four in Figure 4. The algae 

can be removed from the bottom of the tank. (Speight, 2016) 

9.2.3 Centrifugation 
During centrifugation the mixture of water and algae is being 

rotated and due to the difference of mass density with the effect 

of centrifugal forces the algae is separated from the water. In 

Figure 6 the principal of centrifugation is shown. The algae taken 

from the bottom of the sedimentation tank still contains water, 

centrifugation is used to remove that water for as much as 

Figure 5 Sedimentation (Sedimentation, 2018) 

Figure 4 Flocculation of algae (Ghaly, 2015) 

Figure 6 Centrifugation 
(Fisher, 2018)  
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possible. This substance is put in the centrifuge, the centrifuge will be rapidly 

rotating around its axis. Due to the centrifugal force the heaviest materials (in this case the 

algae) in the substance will go the outside of the centrifuge and is called pellet. The water is 

being called supernatant, can also be seen in Figure 6. (Packo Lamers, 2013) 

9.3 Extraction 
Extraction is a separation technique where two immiscible liquids are 

used to isolate components of a mixture based on their differences in 

solubility. There are diverse types of extraction, in this case Liquid 

Extraction (LLE) is applied. Other extraction techniques are solid-liquid 

extraction (SLE), solid-gas extraction (SGE) and liquid-gas extraction 

(LGE), which technique is used depends on which phase the raw 

materials are in. In this case there will be only liquid, therefore LLE is 

used. The product extracted is mainly lipids. 

During LLE there are two immiscible liquids mixed. The substances in 

these liquids will divide between the two liquids based on their affinity 

and chemical potential for the liquid phase. Due to the layers of liquids 

that will form, one layer can be extracted from the other, as can be 

seen in Figure 7. In this case de oil will be extracted from its cells. The algae will be dried and 

adapted with solvent. The liquid fraction in the remaining biomass is removed, and the 

extracted lipids from the algae remain. The solvent can be distilled from the oil. (Babetta L. 

Marrone, 2018) (Oostenbrink, 2017) 

9.4 Hydrothermal Liquefaction 
The difference between extraction and hydrothermal liquefaction (HTL) is that with HTL there 

is no need for the biomass to dry, it can be used still wet. A similarity with HTL is that it also 

produces bio-oil, but the technique applied is different. (Babetta L. Marrone, 2018) 

HTL produces this bio-oil, also known as biocrude, using high pressures (50-200 atm) and 

elevated temperatures (250-400 хC). It exploits the properties of superheated fluids for 

reducing mass transfer resistances. (Jerome A. Ramirez, 2015) 

9.5 Anaerobic Digestion 
Anaerobic digestion consists of 4 steps, in the following order hydrolysis, fermentation also 

called acidogenesis, acetogenesis and methanogenesis. (GLW Energy, 2018) 

Figure 7 Liquid Extraction 
(Lebedev, 2018) 
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9.5.1 Hydrolysis 
During the hydrolysis the complex organic compounds break down into sugars, amino acids 

and fatty acids. (GLW Energy, 2018) 

9.5.2 Fermentation 
During the fermentation the sugar turns into organic acids, gases and alcohols, in an anaerobic 

environment (anaerobic = without any oxygen). (GLW Energy, 2018) 

9.5.3 Acetogenesis 
During acetogenesis H2, CO2 and acetic acid are formed out of acids and alcohols. (GLW Energy, 

2018) 

9.5.4 Methanogenesis 
During methanogenesis H2, CO2 and acetic acids are formed into methane and CO. (GLW 

Energy, 2018) 

9.6 Harvesting macro algae 
The harvesting for macro algae is rather easy compared to the harvesting process of micro 

algae. Because of the plant like characteristics of macro algae this seaweed can just be 

removed from the sea using nets. When cultivated using ropes, the ropes can be removed 

from the sea with the attached seaweed on it.  
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Figure 8 Chemical Flow Chart 
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10. Cultivation influence factors  

 

To gain the most out of algae cultivation there are several factors which need to be considered. 

These parts determine the quality and quantity of the algae cultivation. When the cultivation 

is done for instance with the ideal temperature, the cultivation will fetch the optimal number 

of algae. This chapter will inform mainly about the different influence factors but does not go 

into detail about the influence of metal stress and other factors. 

 

10.1 Carbon dioxide and light intensity 
When the amount of CO2 has an optimal quantity, the advance of lipids production of micro 

algae gets enlarged. The optimal amount of CO2 depends on the specie of the algae. For 

instance, the common algae Vulgaris will be cultivated under the ideal circumstances of 

8% CO2, the lipid productivity is 29,5 mg L-1 day-1 (Zhu, 2017). Another factor that is important 

for the optimal amount of lipids is the light intensity. When the light intensity is adequate and 

sufficient, it benefits the production of microalgal lipids. However limited or saturated light 

intensity will give a negative effect on the microalgae production. This is a weakness for the 

Ostrobothnia region, as it is an area with less solar radiation during a year. 

10.2 Temperature 
The temperature is another essential factor that influences the algae cultivation. Under ideal 

circumstances, the microalgal and the lipid production increases. The optimal temperature 

depends on the specie of the microalgae. For most species an ideal temperature lies around 

25oC. Overall the optimal temperature varies from 20oC up to 30oC. To determine on which 

temperature the algae should be cultivated, there is a table that consults about the 

temperature that should be used for the distinct species (Zhu, 2017). 
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Table 6 Microalgae temperature (Zhu, 2017) 

Microalgae  Temperature (oC) 

Chlorella vulgaris 25 

Monoraphidium sp. 25 

Chlorella zofingiensis 25 

Ankistrodesmus falcatus 20 

Chlorella lobophora 20 

Chlorella protothecoides 28 

Parachlorella kessleri 20-30 

Scenedusmus sp. 25 

 

10.3 Salinity stress 
Salinity stress affects the physical and biochemical characteristics of microalgae. The salinity 

pressure that is created in the cells, results in a higher lipid value. However, a salinity level 

that is too high will reduce the lipid growth and change the shape and structure of the 

microalgal cells. This is caused by the water pressure between the cells and the media. The 

highest fatty content of 47% in dried weight was achieved with 13g L-1 NaCI (Zhu, 2017). The 

optimal level of pressure should be determined before cultivating.  

10.4 Metal stress 
The metal stress is also a factor that has influence on the lipid production and the growth of 

microalgae. Magnesium, calcium and iron stress contribute to the increase of the total lipid 

content. For example, the Scenedesmus sp. microalgae lipid content could be increased by 

47% when using the iron, magnesium and calcium stress in combination with cultivating in a 

dark environment. Cultivating the chlorella microalgae specie under copper exposure, results 

in a higher lipid concentration (Zhu, 2017). However, the metal stress should not be too high 

because it would trigger possible damage to the algal cells.  
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10.5 Visualization of the influence factors 
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Figure 9 Influence factors 
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11. Macro algae concepts 
 

In collaboration with the marketing students, the C&S Algae project group created different 

concepts of macro algae products. The C&S Algae project group contributed by giving technical 

insights to the marketing students about eatable algae and the overall process when using 

algae as food. This chapter focusses on the different concepts that could be commercialized in 

the Ostrobothnia region. The different concepts include algae rye chips, protein powder, Dulse 

Algae meat replacer, algae protein shot and algae granola.  

 

11.1  Green Gold Concept 
Green Gold is the brand name of the seaweed snacks producer from Scandinavia. The first line 

of products includes algae chips produced in a sustainable way to maintain and develop a 

sustainable economy. Sustainability and diligent care for the environment is the key vision of 

Green Gold. 

11.1.1 Customer and market analysis 
The success of a product depends on good research to determine where the opportunities for 

the algae market are. A good market analysis can show where the gap in the market is 

positioned. Figure 10 shows the market analysis that Green Gold executed before its 

existence.  

Figure 10 Market analysis 
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The outcome of this market analysis confirmed for the project group that there 

is a gap in the algae snack sector. Nevertheless, more research is needed to know what kind 

of product will succeed in this market. The next step was to think about the customer groups. 

Three potential customer groups are divided with diverse needs. To determine these needs, 

the project group interviewed customers of the three groups. The outcome of the customer 

research is shown in table 7.  

Once the market analysis and the customer analysis are done, the project group moved 

forward to rough versions of the product itself. Not only the product but also the way it is 

produced is important for the brand Green Gold. The next chapter shows the production 

process of algae rye chips. 

Table 7 Customer grouping 
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11.1.2 The product 
Green Gold algae chips come in two variants and three different flavours. The first group is 

chips made from algae and rye. The algae that are used for this product are spirulina. Due to 

the high value of salt in these algae there is no need to put extra salt in the product resulting 

in less ingredient costs. Nevertheless, the taste should be compensated with a taste of rye to 

cover the dominant taste of algae. To balance the taste, the ratio of algae and rye is 10% 

spirulina to 50% rye. The other ingredients depend on the flavour of the chips. The three 

different flavours are: Wasabi, sea salt and at last sour cream and onion. The second product 

is made from oat instead of rye and has the same flavours. The difference between the rye 

and the oat chips is the shape, the taste and the structure of the product. To adapt to the 

Scandinavian culture of gluten free food, Green Gold products are all gluten free and on top 

of that also vegan.  

Figure 11 Green Gold product concepts 
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11.1.3 Production process  
To give an insight of the production process, the Green Gold team created a raw version of 

the algae rye chips production. Using resources that are vegan and gluten free are key 

standards for the chips. The main ingredients are sourdough, the flavour additive, rye flour, 

matcha for the green colour and of course the Laminaria digitata (Oar weed) algae. The 

combination of rye flour and sour of the sourdough turns into the dough basis that is used for 

the rye chips. To give the chips an appealing colour that represents the Green Gold brand, the 

plant-based product matcha is used. This ingredient is often used in green tea and only a small 

amount of this additive turns the product green. There are three various products within the 

rye chips that comes with three different flavours. The flavour additive is the process where 

the type of chips differentiates. The important ingredient Oar weed is dried to get the crunchy 

taste that relates to the chips sensation. After the dough is complete with every additive it is 

cut in the cutting machine where it gets the right shape depending on the chips sort. At the 

end it is put in the oven where they come out as the final product: The Rye chips. Figure 12 

shows the different steps that lead to the final product.  

 

 

Figure 12 Algae rye chips production process 
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Figure 13 Poster Green Gold concept 

 

 

  




































































































































