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Algae
Preface

This report provides stakeheld with information and materiabtunderstand the C&S Algae
principle and using the information in further stages of ph@ect. The project is supportégt
the supervisor Andrea#illfors.

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. Ndniigersity of Applied
Sciences provided the project in collaboration with the Erasmus+ association. The project is
not financed and has purely been creatéat personal development for the European
exchange students.

The following subjects are evaluatedtive report: Chapter 1 contains the introduction phase
of the report. Chapter 2 conssthe methods and techniques which are used to create the
report and get input for the rept. Chapter 3 encloses the SWa@nalysis where the
strengths, weaknesses, pdsiities and threats are discussed. Chapter 4 is named the algae
possibilities model. It is an extension of the S\W&D@&lysis. The influence on the planet,
people and profit sectors are da#ieed in the triplep-model in dapter 5. A simplified model

of the C&S Algae can be found imapter 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. e chemical reactions and background of algae is formulatechapter 9.
Considering all the factors that have an influence on the productivity of afgaembination

with aninfluence model hae beendocumentedin chapter10. Chapter 11 contains marketing
concepts and brands that have been created in collaboratiith master marketing students

of the University of Vaasd.o enlighen the commercial part of C&S3gae a business model
has been created in chapter 1, determine the revenue model and financing the stapt.

The conclusion and recommendatiar the final report can be foundn chapter 13The last
chapter contains the project management information. Additional information is positioned
in the appendixes of this report.

This reporis developed foexternal stakeholders, professotscturersandstudentsof Novia
University of Applied SciencesThe C&S l§ae project group wants to give a special
appreciation to Andreas Willfors and Roger Nylund for the support during the project.

VaasaFinlandl2-12-2018

Adrian Schneller, Corinne van den Brink, MWtlant, Zowie Segers
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Algae

Summary

TheTransalgagroject of theNordic countries works oa fossil free futurdy using algad¢o
develop renewable energy sourcekhis process includegveral steps and eaaepartment
works on a different subject. Theseulsjects include different techniques for cultivation,
harvesting, prodcing oil through extraction with HEInd producing biogas through anaerobic
digestion.Many people are working on their own part ofetproject, thereforethe C&S Algae
project is askd to clarify the Tranalgaeproject Furthermore acting asconsultants for he
marketing students of VaasanWersity, customers and stakeholders to understand and be
aware of the possibilities of alga

To do spa certainamount of information was gathexd about circular economy and the
process of biofuel out of alga&everal models have been used éxplain and clarify the
business and chemicptocessof algae into food and fuel. ¥&klymeetings took placewith
Andreas Willforshe supervisorwhere the achievements and expectations were discasse

In the algae possibility modehe opportunities and possibilities of the C&S projest
positioned.Explaininghe sustainable opportunities aboadgae the tripleP-model is usedtl
explains the possibiles for a better environment for the People, Planet and Profit. A
simplified modelwas created to understand the circular economy. The chemical background
of algae is explained using a detailed chemical flow claoivingthe process from algae
cultivation until the production of the end product®\ SWOTanalysisvas madeo visualize

and determine the strengths, weaknesses, opportunities and threats.

Furthermore, this report includesthe possibilities for combining macr@and micro algae
cultivation. The benefits for macro algae as food will be explaireddwell as the different
species of macro algae. During the workshops with the marketingestuof University of
Vaasaranding concepts have been creaj¢idese have beeput together inchaptereleven.

The C&S MKae report will be closed bg conclusionand recommendations for further
research.

For project management, the Belbin test was done by each project meniber.cost,
commurication, quality, risk, change, and human resource management isi&ksnd in the
project management chapter.
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Algae

1. Introduction

The Circular &UstainableAlgae project is linked to the overdltansdgae project, across
border cooperation in the Botniatlantica region. The C&8lgae project has different
stakeholders and collaborations including tbeiversity of Vaasa and Novidniversity of
Applied Siences.The missionwith the C&S Wyaeprojectis to find innovative solutions for
renewable energy and prodticoncepts from macro algae which andtivated in the Nordic
climate. The project group will participate in branding new algae products, design the
roadmap of the algae and finally to undesstd and support the C&S Algae principle

The C&S Algaeroject is offered within the European Project Semester by Novia University of
Applied Sciences anthe University of Vaasaln the first phase the goal is to develop
sustainable business models foramalgae cultivation. In the send phase the ERPSudents
focus on the prodiction processes of macro algae food concepts in collaboratidh
marketing students of the tiversity of Vaasa he EPS project group must combine their skills
to consult and spport master marketing students d¢fie University of Vaas@Willfors, Algae
cultivation , 2018) Connected goals aili@creasingskills with technical knowledgeorking
within a multicultural environment. The end results ofdlproject shouldnclude:

1 new algae food concepts,
1 aroadmap for thealgaebasedproducts
1 introduce the C&$®rinciple to the stakeholders.

In general, the EPS project is divided in two separate researches witrepoots. The first
report isthe midtem report containng information and models about sustainable business
models for micro algae cultivation. The midterm report must connect with the final report,
which focuseson production processes of macro algae cultivatidhe final report should
deliver algaebasedproduct concepts in collaboration with the marketing students of the
Vaasa Universityl o realize the objectives as described in the paragraphs abloegroject
group developed a structured way of working. This was done by defininglgabtives that
must be reached to achievbeir final goals. The visualization and a clear description of the
project structure can be founoh Appendix 1
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2. Methods

The assignment description of tl&S Alga@roject is explened in the section belavAclear
comprehensiblgicture of the C&S Algae projeeis made for stakeholders, lecturers and
students For the conclusion of the projexmission, vison and objectives were develofmed
set a goal for the final repariThe report includea project maragementpart as well aghe
technical and economicphrt. Thereforeseveral research methods atethniques hve been
used briefly explaineith this chapter.

Research Methods
The main task for thénal report and the conclusion of the projeatasto create a circular

and sustainableeconomy modelfor the Ostrobothnia region In this model a possible
combination of micreand macroalgae cultivation is explained with focus on algmeed food
brands and biogas production.

Preparing for the workshops witthé marketing students and for the final report further
readng and literature researchhad been done Focussing on macroalgae, also known as
seaweedand gathering information about edible seaweeds and alpased food. Thénal
report is written in a time frame of approximately fifteenveeksbased on the results of the
midterm report and the outcomes of the workshofswork breakdown structur WBSyand
dictionary derivedfrom the new mission and visiomfhe WBS wadeveloped to see which
tasks needed tde done and by whom.

To clarify the project several models are used such as theatefdtriple-p- and circular
economy model and the algae possibilities model. Further chapters give sumraboas
edible seaweeds and a possible combination of the prothret of micre and macroalgae
respectively food and bioga3o give an insight into the chemical processes the chemical
background of microalgae and the cultivation influence factors are explained.

The economical part is describég marketingconcepts forseaweeds andet up withthe
marketing students of the University of Vaasa. The business model shows the necessary
factors tobe consideed when the project is commercialised.
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3. SWOTanalysis

This chapter will provide insight of the current phasethsd Trang\lgae project in the
Ostrolmthnia region. By using 8WOTanalysisn combination with a confrontation matria
well substantiated analysis carm llormed.Todevelop a clear visualizatipthe project group
linked theSWOTanalysiswith a confrontation matrix and developed bar chart. In the bar
chart every subject is weighed with the same number ragisign the confrontation matrix
The bar chart will clarify the analysis of each subjeat has been used in tH&WOTanalysis

3.1 General iformation
In the figures belowthe SWOTanalysishas been worked out anappliedto the current phase

of the Tran®\lgae project. A SWOTanalysis shows what the suctural competitive
advantagg(SCA) of the@rojectin the current marketis. The SWOTanalysiswill give a clear
picture of which paits, and competences the projedh a structural sense distinguish itself
from the competition. Especially the aspects that are linkech®grojectare focused on the
long term and are relevant in the eyes of éhmarket and customer Ths relevance is
expressed inwillingness of the market andustomers to pay extra for the products. In
combination with the confrontation maix, the diagram also shows thefluences that the
elements hae on each other. Ending@WOTanalysiscan bea useful toolto reflect on how
the project is positioned. Especially the pitfalls of the project can provide a gooedpeyer
as described in the models beldqileijn H., 2016)

Tablel SWOTanalysis
Strengths of the project Weaknesses of the project Market opportunities Market threats
- . Many competitive companies with
1 | A lot of knowledge 1 | Communication 1 | Large potential market 1| ther innovative solutions
Many professors who work on their part - . . . .
2 k 2 | Exchange of information 2 | CO2 reduction 2 | Biofuel will not be a fuel for the future
of the project
3 | Innovative and sustainable technology 3 | Many intermediaries 3 | Circular economy process 3 | Weather/climate changes
Much uncertainty Many di terials and chemical
4 | Great diversity (moderate risk) 4 | in certain fields 4 | Sustainability 4 ina\'_‘; st:f::;;"a Enals and chemicals
(knowledge)
Many financial support of different Errors in development / withholding P—
5 businesses 5 information 5 | Great diversity of end products 5 | Mo acceptance by the customer

;
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Table3 SWOT Bar chart
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3.2 Analysis
The results of the confrontation matrix are shown in the figures above. The key poin wi

discussed and explained modetailed.

The strongest subject of thEran#\lgaeproject is the innovative and sustainable technology
that has been developed. ThEran®lgaeproject focugs on a diverse quantity ghodern
technologiesthat all have a sustainable character. Fexample, the biogas, biofuel,
wastewater filtrai A 2 y = v diaebAsédio@dyatECR reduction (Berg, 2018)All the
products are based on thd&randlgae principle and have a positive effect on the
environment.

The major weakness of thErang\lgaeproject, accordingo the confrontation matrixjs the
exchange of information. In the current phase of theng\lgaeproject, a wide group othe
different project leadersof the organizations participatingrofessors are working on the
Tranlgaeproject. Eactorganizaton focuseson adifferent part of the project. The exchange
of information is a weaknesbecause therganizationgloesnot share all their information.
Sincethe exchange of informatiors broadly comprehensivyghere is confusion between the
professorsof these organizationsThe confusion was noticed duringigtseminar where
professos had questions for otherolleagus (Willfors, Algae cultivation , 2018)

The main opportunity is the large potential market for tlagaebased products. The
innovative and sustainable products can cover a large area of the future market. The
Tranflgaeproducts areinnovative and within the upcoming year the worldill focuson
improving the environment. Every year this market \gilbw, and the posibilities of the
Tran\lgaeare promising

The major threat for th&rang\lgaemarketare the many competitive companies with other
innovative solutionsAlso,the weathea and climate changes wilffact the market and the use

of the Tran®lgae based products. Both subjects can become a major challenge in the
upcoming years of development.
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4.  Algaeopportunities

In this chager a sustainable model @escribed that has been developed by the EPS project
group. The main goal of this modeltesgive an understamable view of the elements which
are part of the C&S Algaeproject The model will give @ understanding about future
possibilities while using the whole circular principBecause thecombination of the
TransAlgaeand C&S Algagrinciple is difficult to understand faxternalstakeholders.

4.1 Possibilities model
The model that isattached belowis the dgae possibilities modelThis model has been

designed by using the format of the TransAlga@giple Eventually the C&8lgae pinciple
could be formed by the visualization of the possibilities modake upper side of the figure
represents the olgctives that have been formed duririge analying phase of theSWOT
analysis The large potential market can be divided in the ohjext underneath. Those
objectivesgivenS E LI I Y I G A 2y ( 2thdid&S AldpelpBircipldpgsifiondd @ssak &
large market potentid#lQ Th@ last objective can be pointed out as thein reason of th
possibilities.

The figure points out the incomg resourceghat are required to deliver thevell-knownend
products are positioned orthe output side. Focusing on the inpuhe C&S Algagrinciple

only uses waste streams and sustainable elements as food. Those waste streams can be
formed in a larg 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
mog models the external output is not ey mentioned.The external deliveries afermed

by ushg this whole principle anits waste streams after the use of thelgme processes
(Willfors, Biofuel Region, 2017 fact, those waste stream#iave apositive and useful
influence onthe environmenal problems The positive external eliveries 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 Algagroject can provide to the community and the environmeftte model givesa
understandable way of thinking abouhe possibilities. The upcoming chapters wiltfison
each process and resource used in the figure below.
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5. TripleP-model

The Tri-P-Y2 RSt 2NJ ¢NALIX S . 20G2Y [AYyS AyOeszRSa
arethree dimensions respectively social, environmentalesrmhomical. The model is used for
sustainabledevelopment and forarporate social responsibilitfhe model idntifies in which

way algae business could contribute to the people, planet and ecoridraysocial dimension
stands for the care of employees within and outside the company: the whole society. There is
a good working environment and employees have charfoesdevelopment and own
responsibility. The Planet stands for a proactive setup concerning natural environment and
helping to solve environmental issues which the companyhearinfluenceon. The profit

part is about creating something of economic vabiyeproducing goosland offering services.

It is important that these threalimensionsare balanced for the qualitpf life can be
guaranteed forfuture generations(Jonker, 2018)

5.1. People
The people or social part is b on the advantages an implementation of an alyased

circular economy would brin the people and society.

Implementing the algae principle means several social benefits to the peaplde
Ostrobothniaregion starting with creating new and sustaiole 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 asssainability is an issue still being current in many years
and Finland wants to build upcuntrywide circular economy until 202bhe jobs offered by

the algae industry shall additionally increase femalsor participation rate and contribute to
equality in workforce. Mainly medium and small sized companies will be supported by the
expansion of the job markets creatiagditionalnew infrastructure for them. Regarding daily

life of the people the algae industry contributes to an improved life qualigtwell-beingas

it has a positive impact on the environment and long term regarded reducing@@idsions.

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

food products to the people.
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5.2. Planet
The environmentbbottom lineis aboutproducing biogas, biodiesel and food out of algae. The

conceptseems to bean alternativesolution for the use of fossil fuel, whidtas a significant
Impact onenvironmental issues. There are various parametetsettaken into consderation.

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 wizgitpens to the product
whenit reaches the end of its lifecycle

The cultivation 6 algae is strongly depending on the location and its climate. In the
Ostrobothnia region the seasons are highly difféar&élom one another, makingt hard for
algee to grow. Especially duringinter time when there is hardlgolar radiation. In this case
greenhouss are requiredbut these will needcenergy to produce lightandto keep a certain
level of temperature.

Abroad basdor cultivating algae is waste water and its nutrients (nitrogen, phosphorus and
carbon).Somethingto take into considerationsi 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 ergy whichhas a negative impact afe environment.
Water within the process could beecycled, thereforethe input of waste water will be
reduced Besides wasgt water, waste heat can be usdtijs 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 wdy(quen
system) ora photobioreactor (PBRclosed system ThisPBRcan 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 porwlhich is a shallow pond anges 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 considerian a PBR system would be bettéds can be read above,
duringwinter time in the Nordic countries there will be a greenhouse needed for the use of
an open pondthis greenhousewill need energy to keep the water aemperature and
produce radiation.

For the harvest of algae there adiverse types of separation teclyuesthat can be used,
such as centrifugation, sedimentation and flocculation. Centrifugasdhe most common
technique used. Although when it is the only technique being used it costh energy to
harvest a smalhumber of algae, therefore e othertechniques are applied to make the
harvest more efficient.
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Flocculation is éechniquewhere chemicals are added to form solid substance

which than can be filtrated out of the system. In this case extra chemicals witdned;the
use of other chemicalwillnot be approprige for the environmental aspecthg&se chemicals
will be in a waste streaprandtherefore needanother process to be cleaned.

Biogas is formed through anaerobic digestion and contains methane and carbon dioxide. This
biogas can be @sl to produce electricity and heatingut could also beransformed 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 environtakissues since thdgae uses

carbon dioxide, light and nutrients to produce its biomass, the use ef@Chelp toreduce

global warmingAlso, this biofuehasa low CQemission.

Concluded can be said that the process of biofuel out of algae has many benefits. Bitgsel he
to reduce the use of fosdiliel; this biofuel has a low G@mission compared to the emission
of fossil fuel. Algae can be used to produce food and pharmaeguyiroducts. During
anaerobic digestiofertilizer is produced, thixan be used on land a@an be recycled inhe
process for its nutrients. Photosynthesises Ceto form algae instead gfroducing C@ The

use of C@in the process helps reduce global warming. This process does not compete with
the food industry. Another benefit is that therocess is bidbased meaning that biomass is
used as raw material, it is ideally suited to replace the fossil raw materigdsdd® thathe
process is bidased its product can also be biodegradable, another benefibrfthe
environment. hie entire proess requires a lot of heat and energy but seeing the pros and
cons of this processt can be said that theverall picturewill be better for the environment
Especially whenompared to the pocesses that are being usedw to get the same results.
(Raphael Slade, 2013)

5.3. Profit
The profit part is based on treconomicand fiscal advatages that algae business cobldng.

This is mainly based on future rewee when the implementation oflgae cultivation is

adapted. Due d the hype of ecular economy, the concept olgae has a potential global
market and developing industry. There are aigle of headlines that makes#gae a profitable

concept. These are explad inthis part of the tripleP-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 possibl& the process and using the waste is desiredafssorted reasonsThe

image of the company, creating less waste, nsakere profit and environmental thoughts
accompany the circular economy thought. This is whagae cultivation comes in as an
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extensionof the circular econmy concept. As an addition thdgae could be
used as fuel for machines in the process,dtgs, dgae food production, lgae fabrics et
cetera The various application areasakealgae interesting for business but thatnst the
main cause that makeslgae a profitable concept. The idea and process belalgde
cultivation and utilisation makes it interesting for the current and future mab@&tause of
the growing waste in the worl@T.J & 1.C, 2010y his 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)n summary thelgae 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 andemunerative vision is seeing materials that are originally marked as

waste convert ito a useful product. By using waste watéat has aconsiderablequantity
just as #&ae, the sion of waste will be convertenito a useful source to make profit. The
algaecontainnutrients that can be used for biogas and fo&uiit the application areas olfgae
could be of greater extensianTrere can beclothes of #&gae fabric, packaging of gutucts,
cosmetics, eco servicesd chemicals. The global produniarket ofalgae is estimated to be
four billion dollars in 2018 and grow to 5.2 billion dollars in five yéBesg, 2018)Algae
protein and dietary supplements have the highest growth rate from all the application areas.
Thecurrent trendsof veganism, hedlit and sustainable business galgae a boost to become
even more profitable in the futw. Concluding the potential olgae as a cradling of profit is
shaped by the following aspects: huggiantity, several application markets atfte demand
of sustainable products are causesadfigh market potential.

5.3.3 Innovative business model
Theold-fashionedway of business is sellingoaoduct; however,this does not fit in with the

business of the future. This is where the opporturatises to get more profit out of algae. By
selling a service to your customers there are several advantages pegamonly selling the
product (Johnston, 2018)irstly,you can add services to your offerings, when you aely
products you are limited to a certain product that you can sell. This is an example of scalability
that you can keep on expanding. Seclyngthen a business operates ilyae cultivation it has
aunique selling proposition when selling a service iadtef a product. Companies that rival

in the same market and selling the same products hawigdd number of ways in which they
differentiate themselvedrom the competition. A service company can create several ways in
which it differentiates itself fronthe competibrs. Finally,with a service revenue model the
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relation between the company and the customer is focussed on a-tienmg
relation. This will emerge in a contract between the producer and client that results in a
monthly income ér the companyAn example for lgae could be a contract for a company to
provide them with biofuel for the production machines and transport. Gbmpany does not
only sell the &ae but also the delivery and maintenance of the biofuklso, the
infrastructure of the gpes at the company could be part of the service. Concluding a service
revenue model would be the best strategy for comanthat want to step into the lgae
businesgJohnston, 2018)
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6. Algae food and benefits

In this chaper the main elements of algae food are described. The general information about
macro algae species can be found in the first paapgr In the following paragraphthe
species are explained. The last paragraph contains the information about the humlim hea
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 ftahy different

universities and enterprises are currently researching the possibilitiedgaé-basedfood.

The most important question is why we should use macro alaeffve a goodxplanation,

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 humbody. Also,the consumption of algae

food isenvironmentalfriendly andhas big sustainable possibiliti€d/ageningen University

and Research, sdBy comparing macro algae consumption with other fgodducts,the
benefitsof algaebasedfood are hugeCurrently 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 adarge aquatic photosynthetic plants. Other well used terms for magyaeals
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 nutrientscarbon dioxideand waterare neededto 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 lgaehave a vital role in the carbon caption planet earthFor most people

the service, functions and possibilities sfaweedis still a realunderestimated value that
planet earth provides. Seaweeds and planktons combined producing around 70% of the
oxygen on planet eartfDiana Nelson, sd)

6.2 Brown Algae
Brown algae can be defined as brown seaweeds and congalage group of multicellular

macro algae. Brown seaweed are mainly located in low temperature waters around the
Northern Hemisphere. According to resehers there are around 2000 species of brown
seaweed on the planefWageningen University and Research, ®ipwn seaweed mainly

grows between 0 and 40 meters under the water surf&&m®@wn seaweed contains likeher
seaweedsd 20 2F YdzZiNAGA2yQad C20dzaaSR 2y (KS RNE
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3-15% of proteiras visualised itable 4 The brown seaweeds are important for

the environment for especially the carbon fixatidlar human consumption brown algae is
healthy because brown algaeontaina lot of valuable vitamins, antioxidants and minerals.
Especially brown seaweed is healthy for the iodine, iron, magnesium, vita@inizamin B

9 and vitamin BL2 (Advances in Food and Nutrition Rasgh, 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 aroung00 species of green seaweed on the planet
(Wageningen University and Research, §éfeen seaweed mainly grows between 0 and 15
meters under the water wface. Green seaweed contaiaslot of nutrition and is widely
consumed irmany different countries. Focussed on the dry weight, green seawesthins
between 926% of proteinas visualised itable 4 Green seaweetias a vital roldor 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 digdhangewell during the pastAlso,for human consumption green algae is healthy
because green algasontain lots of valuable vitamins, proteins, antimbants and minerals.
Especially green seaweed is healthy for vitamin A, C, E and K, along with folate, zinc, sodium,
calcium and magnesiufdvances in Food and Nutrition Research, 2011)

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

are generally found in shallowaters,but red seaweeds can withstand leight conditions in
deep water. Many red seaweed species can be found in the Ndfémtic OceanAccording

to researchers there are around 6000 species of red seaweed on the pMfegeningen
University and Research, s@Red seaweed mainly grows between 0 and 90 meters under the
water surface. Red seaweeTable4 Seaweed protein values
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36

mostly consumed in Asia. Focusse 31
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contains many valuable ainins, proteins, minerals and antioxidargsdvances
in Food and Nutrition Research, 2011)

6.5 Nutrients

Many different seaweed species contain Table5 Seaweed components

t | Application |
lot of nutrients. The amount of NULHENtS e -
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As is visualised in thetable 5 The _ Food, Pharmacy

Biofuel

possibilities of seaweed ateige because i |

contains a wide range of components. Thc

applicatons of the nutrientsn seaweed is advanceahd, in many industries, seaweedn be
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low (Wageningen University and Research, Jthecombination between the huge amount

gives an indication about all the nutritio

of nutrients and thesmall numbetrof 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 fonacro algae that contains a lot of nutrients as

described above. In many articles macro algae is positionedhaslthy food with a lot of

health benefits. In many scientific reports macro algae have a big health potential on a wide
amount of illnesses. B macro algae also have some negative effects while consuming. It is
known that especiallyed algae have some side effects like the chance of high blood pressure
and it could make the blood thifLivestrong, 2017)This is beause of the amount of vitamin

K that macro algae could contaihis possible that macro algae can contain heavy metals or
residue of medicines. This is possible because the waterevthe macro algae are growing
could contain these parts. Especiallyhié 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 laad influence on the human health while consumifig prevent the

25
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negative side effects or #hrisk of exposure of heavy metals or medicine residuey .
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 require about effects of macro algae on the human body. Within this way the
negative effects of macro algae couldfoemed,and people an be aware of these elemesnt
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7.  Circular economy C&S Algae

The following chapteexplairs a simplifiedpossibilityof an algaebased circular economy
linked to the circular economy in Finlatodbe established in 2025.

The Finnish government decided to establish a circular econorfiniand starting in 2016

and finishing in 2025. There are five ar@athe roadmapn which the circular economy shall

be implemented Two of these areas are about a sustainable food system and the focus area
on transportand logistics considering replacement of fossil fuels and-fowsil alternatives.

In both areas algakave the potential ® contributeto reach the set goals.

The food arean the roadmagps about recycling nutrients to increase biomass andimize
eutrophicationby reducing nutrients entering waterway$his can be done usitige existing
nutrients to cultivate microalgae n waste water streams as elgmned in the following
chapter8. Macroalgaecultivatedoffshore as already done along the Norweg@aastlinecan

use the remaining nutrients in the water to groihe cultivation of microalgae leads to the
area of transport ad logistics in which biogas anaerobically digested from microalgae can
work as norfossilfuels and replace fossil fuelSitra, 2016)
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8. Combining production of food and biogas

The followingchapter explains the possible cbmation of food and biogas production based
on algae.Therefore, the cultivation processes for micaad macrealgae are explained to

highlight the possible links between the processes.

The productions of food and biogas are not directly linked togethke 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 oceahhere it contributes to grow seaweed in offshore areas.
Microalgae use the nutrients in the waste water for growing and prevent subsequently
eutrophication in the segProf. E. Meers, 2017)

There are two possibilities for ciuaiting microalgaeOne possibility is to grow them directly

in arising waste water streams as can be seefigure 2 A laboratory study was conducted

on this topic with the local wastewater treatment plant in Vaasa. Waste water streams of
municipalitiesare 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 \stgams.
Thebiogas produceé during anaerobic digestioran contribute energy and heat for further
cultivation of microalgaeThe water cleaned during micro algae cultivation can be released
into the ocean(Aberystwyth Universit, 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 farnwaste 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 2018wansea University, 2018)

Macro algae, Bo known as seaweed, are cultivated in oceand seawatersTo comhne

micro algae cultivation wittmacro algae cultivation, a flow chart is created to oversee the
possibilities for a circular econonfgee figure 2 The clean water from micro algae guétion

which is released into the ocean is indirectly used to cultivate macro algae. These macro algae
are used for food and pharmaceutical production. This prothn of these food and
pharmaceutical products hagaste water streams and therefore can bsed for micro algae

)



cultivation.As said before the biogas can be used as energy. To make the ci

complete the waste streams from the food production of agriculture can again ée fos
micro algae cultivation.

Waste
stream

Cultivation of Anaerobic
microalgae digestion

Clean water

Release into
ocean

Figure2 Circular economy of algae cultivation

Agriculture

Digestate Fertilizer

Cultivation of
macroalgae/
seaweed
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9. Chemical background

This chapte containsthe chemical background of algae. The cultivatiomafro- and macro
algaeand the different steps fdnarvestingthesealgaeare explained more detailed, as well

as the extraction method the hydrothermal liquefaction and what happens duriagrahic
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 Cultivationprocess
Algae are photosynthetiorganisms which grow in water. Solar radiation is needed as an

energy source to grow. Algae are autotrophic, meaning they build their biomass from
inorganiccomponents: water (kD), carbon dioxide (GJ) nitrogen (N) and phosphorus (P).
The supply of carbodioxide 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 thess snigrow. The
oxygen isa productof photosynthesis and must be released in the air, if there is too much
oxygen in the process it reduces thhotosynthesis and therebseduces the algae growth.

The temperature of the water is also of interest, depemglon 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 wi use
that light is the most limited factoJanssen, 2013Raphael Slade, 2013)

The cultivating process of photosynthesis works for both miarml macro algae the same.
The difference between thesalgae is that micro algae &single cellular organisiand is
relatively hard to remove from water. Macro algae is a multicellular organism and has so called
plant like characteristics. Due to these differentles way of cultivating is differentnicro-

algae can be cultivated in opgaceway ponds (open system) or in aophbioreactor (closed
system).

The open system which can be usedppen to the air which makes it easy for the algae to
absorb carbon dioxide from the air. In this case there is noaesource/input of carbon
dioxide needed. In this pond a paddle wheelnistalledto circulate the water preventing

”
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sedimentation. These ponds are kept shallow for optical absorption and se

shadow can cause limited solar radiation and thereby influeheegyrowth of algae(Willfors,
Biofuel Region, 2017)

Another system is a photbioreactor (PBRyvhich is an enclosed system with a series of
transparent tubes or platesThe temperature, solar radiation, nutrient and carbomdde
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 atverse types of geration techniqueghat can be
used, such as centrifugation, sedimentation and flocculation. These type of separation
techniques are used for separation of liquid and solid mixtuddlsexplained in the following
chapters.

Biogas is formed through anadng digestion and comins methane and carbon dioxide
Biomethanecan be upgraded and formed into biofuel which can be used as transport fuel.

B
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9.2 Harvestingf micro algae ‘

For the harvesting of algae several techniques are used in the following fhodeulation,
sedimentation and centrifugatiarmhere is no efficient way where only one technique is used,
because centrifugation will cost too much energy for thember of algae it delivers. The
density of algae and water ardose to each other meang that the algae wilhot 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 achemical is added

which will bond with the algae. This
changes the densty and condition of the 7
algae. Figure 4shows how flocculation
works. The first tube shows thenicro-

algae in thewater, in the second tube &

chemical (the flocculants) is added. In tr
third tube can be seethat the algaeare 1 2 3 4
bonding to the flocculants and in the fourtlFigure4 Flocculation of algaéGhaly, 2015)
and last tube all the algae is flocculat¢drunal K. Mehta, 2018)

9.2.2 Sedimentation | T
Sedimentation is mainly allowing the |

substances in a fluid to settle #te bottom
of a tank, there will be formed two layers

INSOLUBLE IMPURITIES

substances on the bottom andater as can

WATER CONTAINING
be seen irFgure 5
Figure5 Sedimentation(Sedimentation, 2018)
In this case the algag@nkto the bottom due to

the added flocculants. Sedimentatidrappens from tule three to four inFgure 4 The ajae

can be removed from the bottom of the tanSpeight, 2016)

9.2.3 Centrifugation pr
During centrifugation the mixture of water and algae is bei T

rotated and due to the difference of mass density with the effe
of certrifugal forces the algae isepaated from the water. In
Hgure 6the principal of centrifugation is shown. The algae tak
from the bottom of the sedimentation tank still contains wate

Ranidiu redatinn sntire

centrifugation is used to remove that water for as much {9ureé Centrifugation
(Fisher, 2018)
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possible. Thisubstance is put in the centrifuge, the centrifuge will be rapidl

rotating around its axis. Due to the centrifugal force tieaviestmaterials (in this case the
algae) in the substance will go the outside of the centrifuge and is called pellet. Theisvate
beingcalled supernatat, can also be seen Fgure 6 (Packo Lamers, 2013)

9.3 Extraction
Extraction is a separation technique where two immiscible liquids =r=

used to isolate components of a mixture based on their diffiees in
solubility. There araliverse typesof extraction, in this case Liquit
Extraction (LLE) is applied. Other extraction techniques arelsplid

extraction (SLE), solghs extraction (SGE) and licugds extraction
(LGE), which technique is use@pends on which phase the ray
materials are in. In this case there will be only liqtietrefore LLE is
used. The produatxtractedis mainlylipids. q 5

During LLE there are two immiscible liquids mixed. The substanc

these liquids will divide betweete two liquids based on their affinity

and chemical potential for the liquid phase. Due to the layers of |iQLi:i%‘L‘”e7 Liquid Extraction
that will form, one layer can be extracted from théher, as can be(Lebedev, 2018)

seen inFgure 7. In this case de oil will be extracted from its céllse algae will be dried and
adapted with solvent. The liquid fractiom the remaining biomass ieemoved, and the
extracted lipids from the algaeemain. The solvent can be distilled from the @Babetta L.

Marrone, 2018)Oostenbrink, 2017)

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

is no need for the biomass tiry, it can be usedtill wet. A similarity with HTL ithat it also
produces bieoil, but the techniqueapplied is different(Babetta L. Marrone, 2018)

HTL produces this bioil, also known as biocrude, using high pressures2(BD atm) and
elevated temperatureq250-400 xC). It exploits the properties of superheated fluids for
reducing mass transfer resistancé¥rome A. Ramirez, 2015)

9.5 Anaerobic Digestion
Anaerobic digestion consists dfstepsin the following order hydrtysis, fermenation also

called acidogenesis, acetogenesis and methanogern(€disV Energy, 2018)
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9.5.1 Hydrolysis g
During the hydrolysis the complex organic compouhosakdown into sugars, amino acids

and fatty acids(GLW Energy, 2018)

9.5.2 Fermentation
During the fermentation the sugamrnsinto organic acids, gases and alcohols, in an anaerobic

environment (anaerobic = without any oxyge(GLW Energy, 2018)

9.5.3 Acetogenesis
During acetogenesis#iCQand acetic acidreformed out of acids and alcohol&SLW Energy,

2018)

9.5.4 Methanogenesis
During methanogenesibk, CQ and acetic acidsire formed into methane and CQGLW

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 usingets. When cultivated using ropes, the ropes can be removed
from the sea with the attached seaweed on it.

"
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10. Cudtivation influence factors

To gain the most out oflgae cultivation there are several factavhichneed to beconsidered
These parts dermine the quality and quantity of thelgae cultivation. When the cultivation
is done for instance with the ideal temperature, the calion will fetch the optimahumber
of algae This chapter will inform mainly about the different influence factotsdoes no go
into detail about the influencef metal stress and other factars

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

algae gets enlarged. The optimal amount@® depends on the specie of the algae. For
instance,the common algae Mgaris will be cultivated undethe ideal circumstances of
8%CQ, the lipid productivity is 29,5 mgtday* (Zhu, 2017)Another factor that is importat

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 microalgaedurction. This is a weakness for the
Ostrobothniaregion,as it is an area with less solar radiation during a year.

10.2 Temperature
Thetemperature isanother essential factor that influences the algae cultivation. Under ideal

circumstances, the microalgahd the lipid production increases. The optimal temperature
depends on the specie of the microalgae. For nepsicies an ideal temperature lies around
25°C. Overall the optimal temperature varies from°€0up to30°C. To determine on which
temperature the algae should be cultivated, there is table that consults about the
temperature that should be used for thdistinct specieZhu, 2017)
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Table6 Microalgae temperaturgZhu, 2017)

Microalgae Temperature O
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 Salinty 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 v&loeiever,a salinity level
that is too high will reduce the lipid growtland change the bape and structureof the
microalgal cells. This is caudeyl the water pressure between the cells and the media. The
highest fatty content of 47% in dried weiglvas achieved with 13g1. NaC[Zhu, 2017)The
optimal level of pressure should be determined before cultivating.

10.4 Metal stress
The metal stresss also a factor that has influence on the lipid productzom the growth of

microalgae. Mgnesium, calcium and iron stressntribute to the increase of theotal lipid
content. Forexample,the Scenedesmus sp.ionoalgae 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 speoien copper exposure, results

in a higher lipid concentratiozhu, 2017)However,the metal stress should not be too high
because it would trigger psthle damage to the algal cells.

"



10.5 Visualization of the influence facs

Influence factors

Salinity stress

Affects the physical and
biochemical characteristics
of microalgae

Temperature

Under ideal temperature
conditions the lipid
production increases

Carbon dioxide

The amount of carbon
dioxide influences the
productivity of the algae
cultivation

Light intensity

Sufficient light intensity
benefits the production of
microalgal lipids

Metal stress

Magnesium calcium and
iron stress contributes to the
increase of the total lipid
content

Figure9 Influence factors
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optimal outcome
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The optimal salinity level is|
around 13g L-1 NaCl where
47%of dried weight was
achieved

Temperature
The ideal cultivation
temperature is between the
20°Cand 30°C. However the|
optimal temperature
depends on the species of
the microalae

Carbon dioxide
The carbon dioxide level
schould be estimated under
the 8%but this amount is
different depending on the
specie you are cultivating

Light intensity
Suffincient light during the
cultivation process is a key;

factor for productivity
Limited light intensity has a
negative effect on the
microalgal growth

Metal stress
Cultivating chlorella
microalgae under a copper
exposure increases the lipid
concentration The growth
can increase by47%.
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11. Macro algae concepts

In collaboration with the marketing students, the C&8aeproject group created different
concepts of macro algae products. The @&faeproject group contributed by giving technical
insights to the marketing students about eatable algae and the overall process when using
algae as food. This chapter focusseghe different concepthat could be commercialized in

the Ostrobothnia regionThe different concepiscludealgae ryechips, protein powder, Dulse
Algae meat replacer, algae protein shot and algae granola.

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

of productsincludesalgae chips produced in a sustainable waymaintain and develop a
sustainable economy. Sustainability asiigent carefor the environments the key vision of
Green Gold.

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

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

Expensive

. Blue Spirulina Powder 50g,
Rawnice: 29,99

. . e  Toasted Sushi *  Dunaliella Salina ¢ Nori sprinkle
e Spirulina 100g pills Nori, Clearspring Powder Condiments
Puhdistamo: 14,95 17 g' [775e Rawnice: 20 99e Clearspring e  Misosoup
e Chlorella 100g pills " 20g/599e King soba
Puhdistamo: 14,95 e«  Wakame 60g/470e
o ] seaweed e  Seaweed spaghetti 40g
¢ Spirulina 230pcs/ pills Clearspring The Cornish: 6,60€
Cocovi: 12,90€ 50g/999e
Protein bar: 2x 759
Non foods $9 . Tin tuna & seaweed for
cats: 1569 Applaws:
. blug algae latte: €6 2,25€ (5%)
. Seaweed pills for dogs . Beer / Kalpie 4,80€ /0,51
500g (100%) T
Jahti &Vahti: 9,90e 2
Algae % f } 1 I 1 1 1 } ! —»
100% 0% 50% %
Drinks
Cheap

Pills / Supplement Meal products

Food for animals

Figurel0 Market analysis

positioned. Hgure 10 shows the market analysis thabreen Goldexecuted before its
existence.
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The outcome bthis market analysis confirmed for the project group that there ‘

is a gap in the algae snack sectdeverthelessmore 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 witliverse needsTo determine these needs,

the project group interviewed customers of the three groups. The outcome of thtmer
research is shown itable 7.

Once the market analysis and the customer analgsés 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.

Table7 Customer grouping

“Rye chips are an allowed delicacy”
(trend product in Finland, Estonia,
Sweden, Norway)

Customer grouping for chips

Common in all customer groups
All like salted snacks
Used to buying basic snack products ex. chips, peanuts, crackers

Customer Group 1: Healthy
people

People who want to eat chips in a
healthy way

Better choices for normal chips

Customer Group 2: Heavy snack
consumers

Offer an option to shift unhealthy
products for more healthier products

Customer Group J: Vegans /
vegetarians / Diet

Add options to the regular offering
(sweet potato chips, carrot chips

Many chips/snacks contain
milk/flactose - vegans can't eat

Segments of GROUP 1

alternatives
People who want to eat
good quality snacks

Segments of GROUP 2

nice food no matter the
nufritions

Segments of GROUP 3

Sport fanatics . Daily basis eaters . People that only eat

. Fitness trend -people . Addiction plant-based food
People that don't like . nicolas . People with different food
regular chips -= open for . People that just want to eat allergies (gluten-free

non-milk_.)

Motivations to buy:

Different age people (hypothesis that
younger buy maore atm})

People who value quality over price >
willingness to pay

People with high knowledge of the
benefits

Early adopters, who always like to be
the first one to consume, test and give
feedback

Trendsetters for example organic food
etc

YRKESHOGSKOLAN
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11.1.2The product g
Green Gold algae chips conmetwo variants and three differd flavours. The first group is

chipsmade fromalgae and rye. The algae that are used for this producspiilina. Due to

the highvalue of salt inhesealgae there is no need to put extra salt in the product resulting

in less ingredient costdleverthelessthe taste should be compensated with a taste of rye to
cover the dominant taste of algado balance the taste, theatio of algae and rye is 10%
spirulinato 50% rye. The other ingredients depend on the flavour of the chips. The three
different flavours are: Wasabi, sealtsand at last sour cream andhion. The second product

is made fromoat instead of rye and has the samevilarrs. 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 glutearfdeentop

of that also vegan.

Products -
TR
Valipalaksi ja RYE C Et\,\‘ e

herkkuhetkiin!

Valipalaksi ja
herkkuhetkiin

Figurell Green Gold product concepts
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11.13 Production process
To give an insight of the producti process, the Green Gold team createdaw version of

the algae rye chips production. Using resources that are vegan and gluten rielesa
standards for the chips. The main ingredients are sourdough, the flavour additive, rye flour,
matchafor the green colourand of course thd_aminaria digitataOar weed algae The
combination of rye flour and sour of the sourdough turns into the douggisthat is used for

the rye chips. To give the chips an appeatiolpurthat represents the Green Gold brand, the
plant-basedproduct matcha is used. This ingredient is often used in green tea and only a small
amount of this additive turns the productgen. There are thregarious productsvithin the

rye chips that comes with three different flavours. The flavour additive is the process where
the type of chips differentiateg he important ingredient Oar weed is dried to get the crunchy
taste that relages 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 prodlibeRye chipsFigure 12
shows the different steps that lead to the final product.

o 4
J Fz% rye flour {
[ 57% sours
-mtaﬂon sour ‘
Dough making

4 sourdou h
Sourdouglh starter farmentation £ Sour r"|ak|ng
Fermentation
Sourd eugh starter

% yeast
28°C for 48h 28°Cfor 3h 28°C for 30min dough

33% water—
o E ﬂ ﬂi
¥
ermentation- -
Rye chiT dough

Heating 260°Cfor 40 min ~ 28°C for 45min Cutting machine

fresh Darweed -—~ Dried Darweed Favour addative

Drying fresh Oarweed

Algae rye chips

Flavour

Figurel2 Algae rye chips production process

YRKESHOGSKOLAN 43

NOVIA




Figurel3Poster Green Gold concept
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