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Preface

The approach

Today courses in project management are taught on a range of degree programmes, most notably business ar
management studies. Students on such programmes may turn toteefimiiteoloksrand other literature that is
covering the core subject, but the sheer length and density of these texts, and the inappropriateness of particul
often intimidate them. This workbook SOLEALGAE represents a real case examplerofext|fzbpadale
submission to the Horizon2020 Fast Track Innovation (FTI) funding instrumdirtaaguittiettecbnical

innovation in firms.

The main objective in writing this Case study workbook has been to meet the needs oiditgdents, by prov
practitioners real life case for all the relevant topics learned through their educational process.

| believe that this workbook achieves this while using a hand on writing style to present the complex project inte
and practitioners' acdaesiThe project proposal workbook SOLEALGAE emphasizes the relevance of structured
project submission approach and represents itself a solid example and case to keep students interested, and e

In summary

It is my personal intention is that rikigoako should be:

A comprehensive yet concise

A rigorously structured

A business, strategically and project manageme
A representing a real |l ife example and case st
A written in an engaging style

In preparing the manuscript for this bave worked closely together and benefited from a number of helpful

comments made by colleague, Dr. Nicolas Walker, as well as many suggestions from different reviewers.

Ernest Vlacic
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Terminology

Light Collector

An optical device which intercepts light and moves a proportion of it into some optical system for its subsequen
Light might lm®ncentrated by the collection (it achieves a light density exceeding the original intensity of the ligh
source) or not.

Light Concentrator

An optical device which operates to achieve an increase in the intensity of light as comparea¢o Tiesoriginal sou
light might be captured by a light collector or not. A converging lens is the simplest way to produce a light conc
but complex arrangements of reflectors and waveguides also perform this.

Luminescent Concentrator

A type of light collestdich consists of a planar waveguide which incorporates fluorescent dyes either distributed
material of the waveguide or in a thin film. The light abscemittecdyehe fluorescent dyes is partially trapped
within the waveguide and esiergacentrated, at the edges.

Light Transmitter

An optical method of moving light from one place to another. The simplest such approach is a fibre optical cabl
variety of light guides or even free space optics can be used.

Light Distributor

A meas of taking light from a controlled light source and spreading it though a volume of medium. It would norn
consist of a combination of light transmission and light emission elements.
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Abstract

This document is presenting an example of Horimug2€idDdollaborative technology development project
submission specifically targeting The Fast Track to Innovation (FTI).

The strategic overall objective of the presented case study project is to develop an optical light colitection and d
sysem that will significantly increase the productivity of existing open pond algae cultivation plant designs while
maintaining low capital and operating costs and consequently reducing the overall costs per unit mass of algae
produced.

Light intensitydskey parameter affecting algae growth. Depending on the algae species and cultivation environn
maximum production rates are achieved with the light intensities between 30 W/m2nduich 16 Guikbiame

1/10 of the light intensity of direchsuflighermore algae are very efficient in absorbing the light that hits them an
with fairly dense algae concentrations all light is absorbed in the thin top layer of the algae pond in the order of
centimetres. These factors make open pondlalgdien systems inefficient in their conversion of sunlight into algae
oil mass.

Such comprehensive case will help students to understand and overcome the complexity of Horizon2020 subn
helping them to develop and submit their own proposals.
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1. Excellence

Strategic overall objective of the project

Photo bioreactors are closed systems with controlled light distribution and algae environment. Existing prototyp
photo bioreactors show significant increases in productivity, but arearetyegpansese to build. High capital

and operating costs increase overall costs per unit mass of algae oil produced in photo bioreactors over open f
even with these significant increases in productivity.

In order to achieve the objectives we argipgesnovative concept of hybrid opérphotalbioreactor

technology (HOBR in future text) that will exploit advantages of both algae cultivation technologies, low capital
operation costs of open ponds with the light distribution systaoredgibotdor higher productivity, in a new

hybrid algae cultivation technology.

Two technical approaches will be explored in a project:

9 open pond with light distribution system and

9 open pond / photo bioreactor hybrid system with light distitvwttostarholsed algae environment system.
Open pond with light distribution system is a simpler concept that uses existing open pond design and introduc
novel low cost optical distribution system for increased productivity. Open pona/ pyilotiol Isipseantwith
light distribution and low cost closed algae environment system also includes low cost plastic tubes suspended
connected to low shear mixing pumps in order to produce a fully closed system. This then addresses the additi
issues of open ponds such as algae contamination and overgrowth.

The complete biofuels (ALGAEDIESEL) production cycle, in addition to algae cultivation, include: harvesting pr
extraction process and oil to ALGAEDIESEL conversion procesth thesratteothe part of complete production
cycle, these processes are not in the scope of this project as this project concentrates on algae cultivation proc
the key process that affects overall ALGAEDIESEL production costs.

Proposed technologlamitiress the major obstacle for large scale algal oil biofuel$ pigltkeicioyduction
costs relative to other biofuels feedstock.

1.1. Objectives

Market drivers and potentials

In the coming decades the combination of falls in the produetitiorad|dossil fuels such as oil, the requirements

to reduce carbon emissions due to climate change, and the increasing energy and food demands of a continua
growing world population means that new, highly efficient means of generatingddabdreldegdloped. In

addition, it is important that any new forms of biofuels are produced in ways that do not compete with agricultur
production in terms of land, water or other requirements.

The use of algae as a source of biofuels, biomass and food, looks extremely promising as they can be grown o
desert land not capable of supporting conventional agriculture. Many algae can be grown in sea water and thei
levels of prodien per square metre exceed other methods of biofuel production (soy beans, sunflower, rapesee
oil and others, see

Tablel) by many timesalgae production can cost effectively support biofuel production, it can also be cost effecti
production of nutritional commodities.

All this implies that algae production should be an attractive option but for several reasons thie¢ttal levels of pre
globally are miniscule and currently only serve to produce certain high margin nutritional or health products plu:
cosmetics. Further developments are required to lower the production costs of algae if they are to fulfil their pot

The primgrpotential markets for algae products today include:

1 Health food supplements (e.g. spirulina)
1 High margin nutrients such as DHA (Qfa¢iyeacids)
1 Aquaculture feeds
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1 Cosmetics
1 Pigments and antioxidants
1 biofuels production as future driving potential

The potential biofuels market today is driven by government mandates, but as energy prices increase, demand
biofuels may become moredgriicen. Technological and regulatory developments, such as production of more fue
efficient cars, hybrid camareased greenhouse gas emission reduction targets can also impact demand.

The global energy market consists of electricity and fuel sectors and carbon emission reduction is equally impo
both areas. The electricity sector is around 33%eobghgtahd for this sector a range of increasinglyzviable CO
emission mitigation solutions are being pursued from renewable energy to carbon capture and sequestration. -
sector is large&7%6 global energy) representing around 15.5 TW (48@ E0OQ®=according to the Energy

Information Administration, USA. Carbon emission mitigation in this seeteelspiad |§3sedirst generation

biofuels systems, essentially fuels derived from agricultural products, have been dissqemirstiecodoenio

and environmental limitations. In contrast, second generation lignocelluloses and microalgae biofuels have the
to overcome these issues and develop into a clean fuels market which is predicted to expand US $500bn by 2(
or more. The hope is that production costs can be brought down to a point that these fuels are cost competitive
assuming increased oil prices and a possible carbon tax.

Project objectives

Overall technological aim

Overall technological aimegbtbposed project is to develop optical light distribution system that will significantly
increase productivity of existing open pond algae cultivation plant designs while maintaining low capital and op:
costs and consequently reducing overgéecaosiis mass of produced algae oil.

Light intensity distribution and wavelength conversion functions of optical light distribution systemtwill lead to sif
increase in productivity rate of algae cultivation. By introducing low cortrightiistribeitaim to increase

overall open pond productivity rate in the range of 80% to 120% and expect that overall increase in production:
not exceed 25%. With these productivity and production costs targets we expect overallatoiuctisisgigrod

unit mass of algal oil to be in the range of 30% to 55% compared to existing open pond algae cultivation plant f
costs.

Scientific objectives
Scientific objective of the proposed project is to develop optical lightstiestrithatomiks

9 Distribute light incident on the algae cultivation plant surface in a way that light reaches larger algae
with light intensity around optimal values (betweémi3® Y@0rWAthat yield to maximum productivity
rates

1 Providedht wavelength conversion from wavelengths that are poorly utilized to wavelengths that are eff
utilized in algae growth

Two specific scientific objectives are identified in the project:

a. Development of the light collector for the collagtidn ofdier to "feed" light distribution system. Light collector
has to meet following specific goals:
A The 1light incident on the surface below the
incident light intensity
A Light is harvestedtbg light collector and fed to an interface with the light distribution system with as |
efficiency as possible
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A Light which is only poorly used byrbirealgae is, if possible, converted into wavelengths with maximun
photosynthetic activity
A Infrared light is reflected away from the surface below the collector (and not fed into the light distri
system) in order to reduce the heat load on the algae cultivator
b. Development of light distributor that will conduct and distribute collbetethhghtot@thieve more efficient
light utilization. The light has to be conducted efficiently over some short distance and then released in a ¢
manner over and extended volume such that the light intensity within an algae rich silspenated adl be
uniformly as possible over that volume.

Optical light distribution system, both light collector and light distributor, will be developed with the aim of makin
system have as low capital and operating costs as possible. Tamaeahieetettied cost effective materials will be
used and the system will be designed to be as simple as possible.

Technological objectives and achievement actions
Specific technological objectives of the proposed project are:

a. Design and developmengakecultivation plant (HOBR) based on existing open pond cultivation plant designs
introduction optical light distribution system. Cultivation plant will be designed with the aim to best utilize
distribution system benefits to maximizgipnadite while keeping capital and operating costs as low as possible
Besides development and desayitightion plant with introductlmhbdistribution system, guidelines will be
given on best ways to incorporate light distributionesystieyy apen pond algae cultivation plants.

b. Design and development of algae cultivation environment conditioning system that will enable optimal env
parameters to maximize algae oil production rate. The system will provide measurearght;analtoring
functions. Algae cultivation and environment parameters that will be included in a system are:

A algae concentration in suspension

A temperatures in various points of algae cultivation plant
A CO2 and 02 concentrations

A nutrients concentration

A pH fator of a suspension

c. Algae strain selection process that will determine algae strain (or strains) that can adapt and grow optimally
range of conditions in cultivation plant. Constant feedback between the design engineers and the
biotechnafists will result in the lowest possible construction cost of the cultivation system, at a high bic
production rate, by finding the optimal algae strain to match the cheapest, most energy efficient design
Besides desigalated criteria, thmpromics will be analysed by looking at products thaipradumedavith
algal oil, from the same algal biomass, and the sustainability will be analysed. This will result in a continuing
loop of improvement options.

1.2. Relation to the Wdtkogramme

This innovation project answers directly to the W
EIGFT20182020: Fast Track to Innovation (FTI) Stimulating the innovation potential of SMEs for sustainable ar
competitive agriculttmegstry anddioa s ed sect ors. TEVI NS is directly &
2020 EICGFT20182 02 0 : Fast Track to I nnovation (FTI)o by
reduce cost of algae cultivation.
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1.3. Coecept and methodology

Current State of Art

Algae are today considered major potential feedstock for biofuel production. The main reason for such attentior
directed towards algae for biofuel production is that algae have much higher eipprashitéoeaaompared
to other, land based, cultures like soybeans, sunflower, rapeseed, palmsakand others (

Tablew).

Crop Oil yield litrédha year
Corn 170
Cotton 330
Soybean 450
Sunflower 960
Rapeseed 1.200
Oil palm 6.000
Algae (open pond production rate tod 11.200
Algae (potential production rate) 90.000

Tablel. Crop oil yields in litres per hestdrgear (US National Renewable Energy LalidratBotential for Biofuels from
Algae, 2007)

The second important factor contributing to such an attitude is that algae can be cultivated in areas not suitable
agricultural production, that is, @alfagation does not compete with food crops for arable land. Other factors in favi
for algae are following: possess higher relative oil content, can be cultivated in saline or even wastewater and c
waste Cgstreams.

Light intensity is thestimportant factor affecting oil production in algae. The algae growth increases with increas
light intensity until the light saturation point is reached in which algae reach their maximum growth potential. Inc
the light intensity beyond thuateon point leads to photo inhibition where damage of the light receptors occurs wt
leads to decrease of productivity. Furthermore, lipid or oil content in total algae mass severely falls during photc
inhibition further reducing algae oil pro&octaptimal light intensities, algae can yield up to 80% of oil content whil
with normal sunlight light intensities (clear sky sunlight mostly b&80@e@A@d content drops to 10 to 15%.
Laboratory research results on light intensitynimlgaet growth and oil content BBotity@coccus Braatgiae

are shown on the

Figurel and

Figure2. Depending on the algae species addiigtycles (in open ponds they are normal suniigiht cizsies)
maximum oil production rates are achieved with the light intensitiég/hétavebhEDWm

Algae are very efficient in absorbing the light that hits them, even when they reach saturation point or enter into
photoinhibition state. For that reason, with fairly denser algae concentrations, all light is alogoldneat iof the thin t
algae, which leads to saturation and photoinhibition of the top algae layer while algae in the lower layers are lef
completely in the dark.
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Figurel. Algae growth for the Botryococcus Braunii algae in dayddgi@al density is proportional to algae density)
for the low light intensities (left) and high light intensities (right) (light intensitie$)ih W/m
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Figure2. Dependency of Relative Total Lipid Content (rLTC) tintegktty (inV/n?) 1for the Botryococcus Braunii
algae

In addition to light intensity, several more factors have significant influence on oil production in algae.

Not all light incident on algae can be us@thatosynthesis process in algae. The portion of solar spectrum
with wavelengths between 400 nm and 700 nm,Riaditxbynthetically Active RadiB#dr), is used in
photosynthesis process in algae. It is obvious from the fact that they are coloerdidaratiiack that
green plants and algae are not optimised to absorb light overall the full range of the visible light spectrum
their colour is due to their failure to absorb light in the middle of the visible light spectrum. Chlorophyll
absorbs the bast the edges of the PAR range and not that well in the middle part of the range. Green algae
absorption spectrum is shown in

Figure3.

1 Australian GovernmieRural Industries Research and Development Corposatidmc¢aibons from Aligaepacts of temperature, light
and salinity on algae growth", Juan Qin
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Figure3. Green algae absorption spectrum (action spectrum, F.T.Haxo, L.R.Blinks, "Photosynthetic action spectra of
marine algae", October 1949)

Thetemperaturgf the algae suspension has a large affect on algae growth. Algae greadghksnaith the

rising temperature during light part of the cycle, until optimal temperature is reached, after which it decreases.
Opti mal temperatures for the algae growth are mai
night partofta cycl e can be kept 10AC to 15AC | ower with

During photosynthesis proce€€} is captured an@yis released. Low G€oncentrations and high O
concentrations in algae suspension can inhibit algae growth and oil production. It is therefore essential to
ensure that C0s fed to algae suspension and@noved from algae suspension.

Nutrientare also necessary for algae growth. Nutrients thatdde added include nitrogen, phosphorus and
silicon.

Other factors often mentioned to affect algae growsialaridy and pH levadigae can, without affect on alga

growth, be cultivated in low salinity water. Some algae species can even grasalinibjghater like sea

water. Lower levels of pH have virtually no affect on algae growth and only excess levels of pH can significantly
inhibit algae growth.

Two major technologies are used today for algae cultivation:

1 open ponds

1 photobioreactors
All largescale algae cultivation today reliespen pond plan@pen pond algae cultivation plants are simple
shallow (typically 0.2 to 0.3 m) ponds with algae suspended in water. Ponds are usually stirred (also called ope
raceways) as they have minapher productivity rate than unstirred ponds. Stirred ponds are designed as two
parallel canals connected at the two ends. The algae suspension circulates the pond forced by stirring paddles
Open pond plants have low oil production rates comparedhedhetical possibilities but are simple in
design and have relatively low capital and operational costs. Open pond have the lowest overall production
costs per unit mass of produced oil and are still the only technology available today consideeestctielarg
algae production. Reported algal oil yields in open ponds today reach levels around 10.000 litres per hectare
and year.
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Figured. Open pond algae cultivation plants

Photobioreact@ closed systems designed to maintain optimum algae growth parameters and utilize the
most sunlight possible for algae oil production. There are many photobioreactor designs being proposed today
but there are no large scale photobioreactor plantseoTdab basic principles in photobioreactor design are

used for overcoming light intensity limitations: first uses dense algae concentration in concentrated solar light
intensities with radial mixing of the algae culture and second uses light distebhtiofogies to distribute

light to the algae with optimal intensities.

The main advantage of photobioreactors is high oil production per unit area reaching maximum possible
production rates. Further, they eliminate contamination with other speciesyetduegaporation and

enable better control of production parameters. The main disadvantage of photobioreactors is high capital and
maintenance costs. Even though photobioreactors have higher production rates than open pond plants, they
still have higherotal production costs per unit mass of produced oil and are still not considered-$oalarge

algae production.

Figureb. Photobioreactor plant designs

Algae cultivation is the first step in algae based biofuel (ALGAERIB8&tt)on cycleThe processes that
follow algae cultivatos:

1 harvesting process
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9 oil extraction process and

1 conversion process.
Harvesting procésslude water draining and algae mass concentration. To achieve this there are few technical
processeghat can be used like using water draining tanks, mechanical presses, various drying processes like
solar drying, flocculation, centrifugation and filtration. The cost of harvesting can be a significant part of overall
ALGAEDIESEL production costs. Thtscare lower with higher algae concentrations in algae suspension
medium and with higher relative oil content in algae.

Oil extraction procestracts oil from the algae mass. Physical and chemical processes are used. Processes
that are considered andadsfor oil extraction include: mechanical expulsion, solvent extraction, supercritical
fluid extraction, enzymatic extraction, sonication and osmotic shock. The costs of this process are also high
and can be made lower with higher relative oil contdgaa a

Conversion procésshe final step in which algae oil is converted into ALGAEDIESEL. ALGAEDIESEL is
produced from a vegetable oil or animal fat feedstock in transesterification reaction between triglycerides ester:
(vegetable oil or animal fat) ahcbhol (methanol) in presence of alkalis such as potassium hydroxide or

sodium hydroxide as catalyst. Unlike raw algae oil, ALGAEDIESEL can be used in conventional diesel engines
as a pure fuel, or blended with conventional diesel fuel. The ALGABRAESHLbE found in retail today is

usually offered blended with conventional diesel fuel in ratios 1:5, 1:2 and 4:5 ALGAEDIESEL content in total
volume, denoted respectively B20, B50 and B80.

Even though they are the part of complete productiontbyde,processes are not in the scope of this
project. This project concentrates on algae cultivation process as the key process that affects overall
ALGAEDIESEL production costs.

Technical Barriers of Current Technologies

Open pond algae cultivation plantke only technology considered today for large scale algae production.
Even though algae production is the cheapest using open ponds technology, open ponds have a very low
production rate compared to the theoretical production possibilities. Theoostsiderations estimate that

algae oil production could reach as much as ten times more oil compared to the amounts today produced in
open ponds.

Several technical barriers are key factors that are limiting production to low rates in open ponds.

The mosimportant factor iw light utilizatiddirect sunlight reaches algae pond surface with intensities

around 10 times higher compared to optimal intensities for algae oil production. As algae are very efficient in
absorbing light that hits them, ligltident on pond surface reaches only a thin surface layer of only few
centimetres, while algae in deeper layers are left completely in the dark. Not only that light does not reach a
large part of algae in a pond, but the light is poorly utilized inrelgeeceive light. Due to high light intensity,

algae in a top layer quickly reach saturation point and enter the stage where photoinhibition, that is, damage of
the light receptors and decrease of productivity occurs. This leads to a low algae gsaanith laterelative

oil content.

Therefore, to achieve optimal growth, algae growth systems need to reduce the direct illumination on an algae
cell. Most systems, including open system, operate to perform this reduction using "temporal ageraging"
specifc algae cell moves up and down in depth due to the mixing process and therefore experiences a range of
light intensities between full intensity (when at the top of the water) and near zero intensity (when at the bottom
of the water). This approach is resegily suboptimal since some algae are being damaged by too intense

light, some are operating near or below the saturation level (which is wasting light) and some are left completel
in the dark.

The second major factor limiting the production rédeperature of a pond that is hard to cooptimal
ranges. Generally, algae growth increases exponentially with rising temperature during the light part of the
cycle until an optimum temperature is reached, after which algae growth decreases njyaratakes
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during the light part of the cycle are in the ran
cycle can be kept 10AC to 15AC below optimal temp
location and season ofetlyear temperatures in a pond can reach levels above and below optimal levels.

Third significant factor @isceptibility to contaminhtiather species. This significantly limits the number of
algae species that are adequate for cultivation in opds.pgdgae species that are adequate for cultivation in
open pond plants have to be resistant to high ambient temperature swings and aggressive in limiting
contamination with other species. However, these species are not the best in terms of growtighate and
relative oil content.

Photobioreactor systevese developed to overcome limiting factors of algae growth in open ponds. There are
many photobioreactor designs being proposed today but there are no large scale photobioreactor plants to
date.

Two baic principles in photobioreactor design are used for overcoming light intensity limitations, first use
dense algae concentration and concentrated solar light intensities with radial mixing of the algae culture and
the second uses light distribution teclmgies to distribute light to the algae with optimal intensities.

Photobioreactors as closed systems enable closer control of algae cultivation parameters like temperature and
nutrient concentration. Photobioreactors as closed systems eliminate patetaiairation which enables
cultivation of species with high growth rates and high relative oil content.

Intensive cultivation with dense algae concentrations in photobioreactors lead to overheating of the algae
suspension and high@nd low concentration$hese parameters have to be controlled as both can lead to
severe degradation of productivity. Photobioreactors thus have to have powerful systems for temperature
control and intensive GOO exchange to reach its productivity potential.

The main baet in large scale algae production in photobioreactors larg#licapital and operating obsts
photobioreactors. Photobioreactors today reach productivity rates that are around double the productivity rates
of open pond plants, but the costs to barild operate photobioreactor plants increase even more making

overall costs of production per unit mass of algae oil higher compared to open pond plants.
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1.3.1. Overall strafg and general description

Implementation plan introduction

We, the SME proposers, aim to develop the scientific knowledge required for the implementation of the project
over a period of 24 months. The consortium will than implement its plan for IR#o(irRelated Activities)

that will enable dissemination of the results of the project to the greater scientific and industrial community,
initially at the EU and subsequently at a global level. Through the implementation of IRA, the consortium furthe
aimto meet the societal and economic objectives of the project.

Research approach and methodology

The work programme is divided into eight Work packages: WPs as shown in the Perth and Gantt charts on the
following pages. It is the objective of these warkaoges to research (WP1 and WP2) and develop (WP3, WP4
and WP5) the main innovations to be implemented. In brief, these consist of a novel light collecting and
distribution system and novel concept of algae cultiv@kighrid open pond / photo bioreadsmhnology

(HOBR). The developed technology will then be integrated into a product prototype, tested and validated (WP5
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1.4. Ambition

Optical light distribution system

Our solution for the barriers resulting in low productivity of open ponds aptbhbiggtion costs of
photobioreactors is innovative concept of hybrid opendphato bioreactor technology. The main mean to
achieve that goal is development of optical light distribution system. The main functions of light distribution
system are:

9 to dstribute light incident on the algae cultivation plant surface in a way that light reaches larger algae
volumes with light intensity around optimal values (between 30 W/m2 and 100 W/m2)
1 to provide light wavelength conversion from wavelengths that age yitiadd to wavelengths that
are efficiently utilized in algae growth
Light distribution system is by function divided into two separate ligintscollector and light distributor.

Light collectbas a function to absorb incident light and traiitsferthe light distributor with as high efficiency
as possible. Specific development goals for light collector are:

1 The light incident on the surface of the surface below the light collector is reduced to between 1/10 anc
J of the totemdity i ncident | ight int

T Light is harvested by the light collector and fed to an interface with the light distributor with as high
efficiency as possible

1 Light which is only poorly used by byireen algae is, if possible, converted into wavelengths with
maximum photosynttie activity

1 Infrared light is reflected away from the surface below the collector (and not fed into the light
distribution system) in order to reduce the heat load on the algae cultivator

One approach will be taken and analysed in development adllegitbc

a. Luminescent concentrator collectors using a dye which emits at red peak of photosynthetic activity. An
untracked luminescent concentrator will be mounted feeding light into a thin vertical waveguide. Uncollected
light will pass through the lumgeent concentrator (as well as some absorbed lighittexl through the
bottom of the collector). The concentrator will be coated with an IR reflecting mirror to control the heat load
on the algae cultivator. Optimal shapes for the collector will betedalu

Light distributioas a function to distribute collected light to the algae suspension with optimum infEmsities.

light will be conducted efficiently over some short distance and then released in a controlled manner over an
extended volume sudhat the light intensity within an algae rich suspension will be illuminated as uniformly as
possible over that volume. The system will consist of waveguides and light outcoupling regions. Waveguiding
will be performed a combination of total internattieftein materials of higher refractive index than their
surrounding (air or water) or reflection from a highly reflective surface. Light outcoupling will be performed by
the inclusion of surface structures which outcouple light at differing efficigtititnege structures arranged

so that light is released uniformly, using more efficient outcoupling in volumes where the light intensity within
the guide is lower. The overall light emitting surface shapes will be chosen by evaluating a number of
alternatve solutions includes flat plates and cylindrical elements.

The ability to fully clean the light distribution system of surface contamination by algae using simple, cheap anc
fast processes will be evaluated and surface treatments which improve thesdeamndéiase of cleaning of
the structures will be evaluated and used where appropriate.

Prototypes of several alternative light distribution systems will be simulated, prototyped and evaluated, in both
fully transparent and high algae occlusion volumes.
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Figure6. Illustration of light distribution principle, light pipes conduct light into the depths of the pond where light
emitters illuminate algae in a controlled fashion

. &

In 1976 Weber and Lamb proposed a new type of solar concdmtratoescent concentrattrish use

fluorescent dyes and a planar waveguide to trap light (within the waveguide) and concentrate it to the ends of
this waveguide. The light is absorbedhieydye and remitted at a longer wavelength. Part of the remitted light

is trapped within the waveguide and emitted at its edges. The remainder is emitted up or down and exits the
waveguide. The dye can be coated onto a thin film and the result is the lsaimg distributed through the

bulk of the waveguide.

Therefore thint requirements of spatial light distribution and utilisation of spediealishitfor algae

growth using a waveguide with something like the following arrangement.b&dighion part either

contains a fluorescent dye in the bulk or the waveguide or, preferably for manufacture, coated onto the surface
of the waveguide (or on a film bonded on the surface of the waveguide). A light extraction section consists of
microopticgextures of structures which are constructed in such a way that light is emitted uniformly over a

this area. This uses diffractive, refractive or reflective structures to redirect light out of the waveguide, similar to
methods used in the constructioredge illuminated waveguide plates for flat panel displays. In the light
absorbing section not all the sunlight is absorbed, a certain amount simply travels straight through and in
addition a proportion of the absorbed arehnéted light does not wavegaiiout is emitted directly through

the back face of the absorbing section (a similar proporticanstted through the front face and therefore

lost).

The waveguide can be shaped into curves, though care must be taken to ensure that light is efahiest out
bent surface (for example by using mirror strips).

Light absorbing section Light emitting section

Figure?. lllustration of light absorption and light emission sections of light distribution system

By choosing aappropriate fluorescent dye(s) which gives the correct absorption and red light emission
(around 670nm) and which has long lifetime, a luminescent concentrator algae photobioreactor can be built.. A
representational example of the approach is given here.

The light is absorbed by the dye and remitted. Part of the remitted light is trapped within the waveguide and
emitted at its edges. The remainder is emitted up or down and exits the waveguide. The dye can be coated ont
a thin film and the result is the sarSpecific microoptical structures can be placed on the edges of part of the
waveguide and these outcoupling structures enable light teeimétted from the waveguide. For use with
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algae illumination, seeking to provide 10% sunlight intensity towheggnabes, the overall system
arrangement is given in the following figure.

Absorbersection Transmission Emitter section
section
\A\A ~=

Figure8. Overall arrangement of tight distribution system

Some light passes througte luminescent concentrator to illuminate algae below (by changing the density of
the dye molecules in the coated section of the absorber this can be made to be 10%) whilst the remainder
waveguides to the emitter section where it exits the waveguidaittatie algae below that section. The
microoptics of the emitter section can be tuned to ensure a uniform light emission over the length of this
section (e.g. by reducing the outcoupling efficiency of the early part of this section and increasing the
outooupling efficiency of the late part).

Open Pond / Photobioreactor Hybrid Concept

Closed photobioreactors offer some significant advantages over open pond system in algae growth cultivation
primarily due to the following issues:

1 Growth rates are higher sinthe lighting, temperature, nutrient and gas (carbon dioxide) concentration
can be closely controlled

1 They prevent contamination of the growth medium with native algae which can be a serious problem
particularly when growing a specialised algae (e.gtraire genetically engineered etc)

1 The primary problems with closed photobioreactors which open ponds avoid are:

1 The cost is very significantly higher than open ponds

1 There can be a problem with removal of oxygen resulting in higher than optimal disggpdvelevels

We therefore propose hybrid concept in which some of the befits of closed photobioreactors are brought in a
form which is nearer to an open pond. This section discusses some potential approaches we aim to analyse:

a. Light redistributiompproaches which are low cost and capable of being fitted to open ponds (and therefore
support both open ponds and hybrid approaches). This is discussed in the opticsdsssentially
protruding light guides are fed surface light and redistributdat the water to more evenly illuminate the
entire bulk of the medium within a channel.

b. Low cost closed systems. The cost of acrylic, polycarbonate or glass tubes is prohibitively expensive.
Therefore any method to enclose large volumes of growth meagitmsenthe types of low cost plastic
already employed in the agricultural industry, e.g. in strawberry growtfpohglsene. A good example
of a modified plastic suited to this application is LuminanceThERlastic does not have the intrinsic
strength to carry the algae filled water, so a suitable way to use this material would be to suspend tubes in ¢
clear water medium. The problem of oxygen build up would need to be addressed, e.g. by using sections ¢
the tube separated by mixing units whezeoitygen is removed using low cost, but sealed, stations.

c. Sensors and monitoring will be deployed to manage the plant operations and ensure desired values of
environment parameters.

Cultivation plant is a hybrid of tubular horizontal photobioreactor and open pond.
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Figure9. Cultivation plant conceptual design

The idea is to develop general design applicable for various types of tubular photobioreactods and

cultivation. This approach will give us opportunity to use the end product on photobioreactor, open pond and of
course on hybrid cultivation plant. Other benefit is that we will be able to implement this system on various
photobioreactors and opennuts that will enhance market potential.

However, the hybrid concept can be used not only for the equipment but for the whole cultivation strategy. The
algae will be cultivated in two stages: firstly producingnéss in a photobioreactor, where the ailtn

condition can be controlled for a better growth at higher concentration of nutrients and light, and secondly the
biomass passes to an open pond with different conditions to favour biochemical algae composition such as
increase lipids content.

In thatsense, the Open pond and Tubular PBR are HBOR system and algae is grown first in tubular PBR and
after that in Open pond.

The size of both can be determined by the difference in concentrations of each steps, but in general the volume
of the bioreactor i%/3 of the open pond. The higher concentration in the reactor, the lower size of it for the
same biomass production and open pond size.

Depending of the final product ALGAEDIESEL or added value fatty acids, the conditioning system is different
because fointensive cultivation (ALGAEDIESEL) water needs to be recycled, meaning more equipment and
control.

Cultivation environment conditioning system

To achieve optimal algae growth in term of overall costs per unit mass of produced oil, number of parameters
have to be measured and controlled. Algae cultivation environment conditioning system will ensure that all
relevant algae cultivation parameters are controlled to be in the desired boundaries and measured and recorde
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for later analysis SCADA control an@ @aguisition application will be used for plant control, supervision and
data recording.

Cultivation parameters that are relevant in algae cultivation plant include:

monitoring of light levels in the algae suspension medium, in several predetecaioad

algae density and relative oil content

temperature in the algae suspension medium

ambient temperature in the vicinity of algae pond

algae medium water level

oxygen and carbon dioxide concentrations

nutrients concentration

salinity and PH levels

Algae cultivation conditioning system will be designed with the aim of minimizing costs while ensuring that the
desired functions are fulfilled.

E R I I e ]

Levels of light intensity will be measured in algae suspension medium. This measurement will be compared to
algae production rate to determine overall light utilization factor.

Algae density will be measured indirectly through optical density. As algae are very efficient in absorbing light,
there is a straightforward relationship between light intensity thas tlasaegh some layer of algae

suspension medium and algae density in that layer. Controlled light emitter and light intensity sensor will be
placed so that algae suspension flows between them. Depending on the measured light intensity that reaches
the sensr algae density will be calculated. The relationship between optical density and algae density for the
selected algae species will be determined in laboratory.

Temperatures in the algae medium and ambient temperatures will be measured using lowsensbft100

Algae medium water level will be measured and controlled. Water evaporation and algae harvesting will be
lowering water levels in algae medium. Water exchange system will control water level in the algae cultivation
medium.

Oxygen and carbon dide concentrations as well as nutrients concentrations, in algae medium will not be
measured but only indirectly, trough algae growth rate, will be determined if the concentrations are adequate fo
algae growth. Oxygen and carbon dioxide exchange syifitensure sufficient exchange between algae

medium and surrounding air. Optimal oxygen and carbon dioxide exchange rate and nutrients intake rates will
be determined in laboratory and controlled according to laboratory predetermined patterns.

Salinity ad PH levels will be periodically tested to ensure that they meet laboratory predetermined levels. All
measurements will be converted to stand@@h4A measurement signal and fed into PLC system and over
network to SCADA application.
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FigurelQ Functional diagram of cultivation environment conditioning system

Algae strain selection

Algae, as a group of organisms, have a very wide range of characteristics, in terms of shape and size, ability to
produceoil and other products, growth speed, optimal salinity, temperature, light intensity, light wavelength,
optimal pH, optimal nutrient concentration, optimat@®@entration, optimakb@oncentration, optimal flow

speed, optimal density and many more chexiatics. Furthermore, the products that a certain strain of algae
produces, depends strongly on the cultivation conditions. Selecting the right strain of algae is therefore a highly
complex process, and becomes even more complex considering thatl8évedal species of algae exist, of

which have been studied in detail. Below a list of some of the most important selection criteria for the project is
presented. The list will be updated and completed in the beginning phases of the project.

T
T

Fast growing a species is not fast growing, the effect of improved lighting conditions that SOLEALGAE
offers is most likely less.

Optimal wavelength for photosynttesisplants primarily rely on chlorophyll (a and b) as the pigment

to harvest light for photosyresis, which results in 2 optimal wavelengths, while light in the middle of
the spectrum (green) is partially wasted. Different algae families can produce high levels of different
pigments that harvest light in this unused spectrum, or the outsidespéthreim, like neanfrared.

The technology used in the project can convert an inefficiently used wavelength into a better used one.
In coordination with the cheapest, most efficient options for new wavelengths, an algae strain can be
selected that optirlig benefits from this. Additionally, almost all of these pigments can be extracted and
have a high market value.

Insensitive to high cell concentratimiker unique feature of the technology developed in this project,

is that the available sunlight is not only supplied from above, but also from other directions. Under normal
conditions, fast growing algae will get so dense that light only penetréitestces (or less) into the

water, no light is received at higher depths. This means that in regular open ponds the concentration is
normally around 0.1g/l only, or at harvest, 99.99% is water that needs to be removed. Supplying the ligt
from multiple dections allows higher cell densities, making harvesting cheaper and more efficient. Some
algal species appear to prefer higher cell densities, other populations crash at a certain point.

Well known speci®he main objective of this project is to deaiggstem that improves the lighting
conditions in such a way that the biomass growth speed is significantly increased. This means it needs
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to be compared with the maximum growth speed under other conditions, so the most convincing results
will be obtainetly comparing a strain on which a lot of research has been performed, and the maximum
growth speed is well known. Additionally, selecting &mweslin strain means almost always that there

is a market for that strain already, and that the optimal auitigatiditions are well known.

Extreme conditidn: order to produce a las@st cultivation system, a large part of it is open to the
environment. This means that the selected strain has to compete with other algae that may grow faste
at the given condins, and algaeating organisms. Therefore the only species that are currently
successfully cultivated have a tolerance for an extreme condition that other organisms do not have. The
most important examples are high salinity Drigaliell high pH (e.&pirulind or high nitrogen (e.g.
Chlorelly. The selected strain must posses such a tolerance, else the cultivation will most likely be
invaded by other species.

Salt water speci&sen though algae can potentially produce many times more oil theamdguignt

(see table 1), many 1000s of hectares will be needed to supply the EU with biofuel. If all that cultivatiot
area would use fresh water, this would put too much pressure on the existing sources, especially since
an open system is used, with higdter losses due to evaporation. Fresh water systems could work in
some specific locations, but from a sustainability point of view, using sea water would be preferred, so
the algae strain must be salt water adapted.

Easily harvestabiext to inefficienlight utilisation, another major factor influencing the production cost

of algae is the difficulty of separating these microorganisms from the water they grow in. Some species
settle or float, are bigger than others or even from long wires. Theseearnthartcteristics would

improve the overall economics

High oil contenbt every strain has high oil content, and strains that do, only produce this oil under very
specific conditions. The best known trigger is Nitrogen starvation which will be abisiagmject.

Under the influence of extra light but no nitrogen, the algae yield solar energy but cannot produce protein,
thus cannot grow multiply, therefore they produce oil instead, as an energy storage for when nitrogen is
available again. The alyeié be harvested before that happens. A strain that shows this behaviour needs

to be selected

High ceproduct conteitthas become clear that even with the impressive cost reduction expected from
the project, it still very difficult to produce algdeabia price that can compete with fossil fuel.
Fortunately, algae produce many more products
per kilo. The selected strain should produce a second product, to help reach economic feasibility.
Strengtbf cell wallhe strength of the wall of algae cells varies very strongly between species. Weak cell
walls are preferred because they are easier to break open to reach the valuable content of the cell, but
the cell wall is too wealk, it will break wibehing pumps, stirrers and reactor walls, and die. The ideal
strain has a relatively weak wall, but survives cultivation

Attached growthany species of algae have the capability to attach to surfaces. If a strain is selected
that can attach to the dutition system wall, light will not pass into the reactor.

Impact

Environmental analysis (PESTLE analysis)

The SOLEALGAE products are primarily initially aiming to cover the EU wide market, but on the other side it is
product with an undoubted gédlpotential and have no regional limitations for penetration. To get to an
understanding of the current environmental conditions that could influence the SOLEALGAE project success
the appropriate environmental analysis was assessed by the simplifie RP&8&work, which is displayed

in that follows.

Page 20



Factor

Political

Economic

Social

Technological

Legal

Environmental

SOLEALGAE Project,
Impact

The impact of the environment somehow influer
the project, mostly related to the political decisic
onthe legislation that regulates implementation
such plants.

Some political influences on preferences with
technology providers can be expected as well.

The economic situation with regard to spiralling
energy costs is definitively supportive to the
project. CO2 certificates are offered to the
producers of clean energy, what is an additiona
incentive for investors.

Energy produced from proposed plant is clean,
environmentally friendly and will create new job:

Project is using State of Art technologies today.
oriented towards future research and developm
of features in order to make it more efficient.

We need to foresee and understand the potenti
applicable legal requirements and ensure algae
legally and safely developed and themoducts
(i.e., biofuels and guroducts) comply with
applicable consumption standards. Being a nas:
industry, there are no existing standards for vari
aspects of algal biofuels production.

The project is fully oriented towards the
environmentAlgae have a number of
characteristics that allow for production concept
which are significantly more sustainable than th
alternatives. These include The possibility of
utilizing marginal, infertile land, salt water, waste
streams as nutrient supplgdacombustion gas as
CO2 source to generate a wide range of fuel an
nonfuel products

PESTLE analysis

Trend

Clean energy is proving
politically acceptable and the
trend is to become ever more
favourable to paics and
politicians.

Itexpected that the price of
energy will continue to increas
rapidly.

Trend on the social aspect is
increasing, and it will become
one of the focgloints of
interest in the future.

Development of the technoloc
can helgmplementation of eve
more efficient plant.

Public awareness of the legal
issues relating to renewables
constantly increasing; this
trend is expected todrease in
the future.

With no doubt, the
environmental aspect is
strongly supporting the projec

Table2. PESTLE analysis

Supportive to
the project

The overall conclusion reached by the means of PESTLE analysis is that the current environment is that all six
components strongly support the SOLEALGAE project. The level of support for each force could arguably be
somewhat higher or lower; however,venexits from the positive impact area. Overall, it is clean and

renewable product that is economically feasible with great market potentials, environmentally friendly and with
tangible social impact on the EU economy. However, the project attemptsisizerapyong improvements in
technological and economic aspects.
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2.1Expected impacts

Although the need for dense energy carriers for the aviation industry and other uses is assured in the foreseea
there is currently lack of viable renewablgtiaks to biofuels for that component of the transport sector. Algal biofu
have many advantageous characteristics that would lower impacts on environmental degradation in comparisor
feedstock and in some cases improve-iengeaif deloping and developed communities.

Global Algae Market Opportunities

The global market for algal biomass is poised for explosive gnewititeim thdifteen yearAlgae is attracting
increased investment and interest from biofuels, GASOILeum, and agribusiness industries. Europe and US cat
enough corn, soy, or rapeseed to meet their biofuels targets. Fast growth in US and European ALGAEDIESE
from20072009 has lead to increased biorefining capacity but a shortage of feestoademlamaigfor biofuels in

the US, EU and Asia will createopportunitie®r algae and other non-ffemtistocks to meet ambitious targets

for ALGAEDIESEL, ethaa advanced biorefineries for biofuels and chems.

A new research report -Bfarsoend PBikoef urrd ssébaricnhd i caamed @
witness a tremendous growth nexthéwo decadagsulting in the manufacturesofedvmillion gallons of fuel per

year with an estimated market value of $1.3 billioriThg 3@ research anticipates that, with 50% of all algae
activity the United States is poised to ramp up production the earliest among Rilmtdnoh aldetsnstration

scale facilities are beginning to break ground across the country.

The European Union (EU) market, which isdtmue30% of algae activityi | | be | imited ini
focus on university research, and later by insufficient access to water, land, and hattire Atnsericeeand Asia
Pacific, which are home to fewer projects in operation today, are setaotgairikigrifiare in the longatan

(CAGR) of 72%.

To date, most development is within the US with small peripheral markets in the European Union (EU) and Asi
are expected to emerge through collaborations with companies based in that countryt, shelrdper US

dominance is forecast to represent more than 80 per cent of the global market for open pond algae cultivation
from 2010 to 2015, with the EU expected to gain a market share of 11% and Asia the remaining 7%.The report
said through to 2015, Itvation technology sales are expected to hold most of the total algae biofuels

production technologies market. Alongside this, the remaining market segments will be held by a combination
of harvesting, extracting and fuels production facilities, vathlgtojected market value of more than 1.6bn in
2015.With a market size of about $271m for 2010, the report said this increase is significant and underscores
that this is a quickly changing and evolving industry, expected to show an annual grovalim@e4s per

cent.

Potential markets and estimated market share

The potential of the Algae market in the years to come is hard to predict due to number of uncertainties that are
linked to this field (technology price and yields are among criticalTansisyplify our estimation for the

mar ket potentials wedl |l present the numbers only
briefly presented ifiableb. So in order to estimate the total market potentials for the SOLEALGAE products we
have to base our approach on different available data sources and relate it to the global needs and production
of biofuelsTable3. Biofuels Potentials in 2014 (billion galldra}l) July 201firesents the total biofuels

prediction by the year of 2014.
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Biofuels Potentials in 2014 (billion galloAssumption: One gallon of oil = $3

Total Oil Consumption in 2014 1500
TotalProjected Supply by Traditional Biofuels 41
Total Ethanol Production in 2014 26
Total ALGAEDIESEL Production in 2014 15
Share of Traditional Biofuels in Total Oil Consumption 2.73%
Projected Market Size for Traditional Biofuels $ 123 billion

Table3. Biofuels Potentials in 2014 (billion galldrR&)) July 2010

Due to the relatively new technology and mar ket s
product will be launched. This will startihykas after the closure of this project.

For the sake of simplicity and with careful appro
the 6Business as wusuald figures from the figure

Figurell. IEA 2018, World EnedgilookSo based on the period 2@D30, and values from the

Figurealwe can present thestimated figures in tAabled. Estimatedilgae biofuels markeis for the Algae

market estimation in the same table, it goes from modest 0,2% in the 2015 up to 12% in 2030, which is a bold
guess for that year. However, the widely perception is teagatieeof Algae in biofuels will be significant in

years around 2030, due to the fact that its market share can grow much faster than other biofuels.

IEA 2007 World Energy Cullook:
RS =*“busdiness as usual”
450 = needed for 2°C Imit o glebal warming

300 m 2nd gemeration awiatien biofuel

Hise

= 2nd gemeration biediesel

200

oo
m

T T T T 1
2007 020 RS 2030 450 200 RS 2030 450

= 2nd gemeration ethanel

m | st generatien biodiesa|

Ist generatian ethanal

Figurell. IEA 2018, World Energy Outlook

year 2020 2023 2025 2030
Biofuel market in 201 28, ( 44, ( 49, ( 56, (
(in Billion Eur)
Algae biofuels share, estimat 0,2% 0,58% 3,00% 12,00%
Algae biofuels marke 0,0 0, 2 1, 4 6, 7
(in Billion Eur)
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Tabled. Estimatedilgae biofuels market

Technology price estimation and validation

Energyisalewal ue product. (AHiIi gho obiomasgfor healtwds aral cosmetice n s
can cost Ul 000s per kilo.) This means that alga
energy carriers economically feasible. Current Algae market is more attractive fac#ie, plo@mcacéioals and
cosmetics, but in close future it is expected that biofuels production from algae will rapidly overcome other segr

Applications Price / Kg biomass Market volume
Nutraceuticals (human consumi a 100 a 60
Nutraceuticals (animal and fish - U -26 U -43illion
Bulk chemicals u 51 > 0 5
Biofuels < u 0.40 > u 1
Present market volume: G 1

kg biomass Obj ect i/kgbiomassa r

Tableb. Prices and volumes of markets where Algae can play a role, Wijffels, 2008

Current systems and HOBR upgrade

There are four existing systems for algae cultivation today and these are; open pquadscti@eeway
photobioreactors and fermentators. Within the open systems, raceway ponds provide a much better yield tt
extensive systems, while keeping capital investment generally low. In scientific literature, this system is sc
mentioned ase only open system practicable fesdalg@roduction (Carvathad, 2006; Chisti, 2007).

Our target is to implement our technology (hybrid open pounds biorelgRRR) in raceway algae production

plants (RAPP), therefore all our calculations will be based on HOBR.

Tablesis presenting the upgrading cost of the RAPP by HOBR and percentage of SOLEALGAE technology in i
Our technology value can be compared only with existing equipment, excluding thedeeprsitien and
construction, where estimations are made for the typical 5 hectares plant.

% of
Raceway Algae HOBR with SOLEALGAE SOLEALGAE
production plant Technology in Equipment
cost
Open pound construction, land and site
preparation / 5ha 110. 0C¢C 19.90
Open pound construction, land and site
preparation 550. 0¢C
Equipment costs/ ha 84. 72
Equipment costs / 5ha 423.6!¢ 391. 91 93%
Total / average 5ha pond size 973.6¢
Annual Operational cost / ha 14.50
Capital cost /5 ha 72.50
TOTAL 1.046. 1.438.

Table6. RAPP to HOBR upgrade price
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With upgrading by SOLEALGAE technology, HOBR s will be able to produce increased yield as per table

Table7. There we can see significant improvements in Yield (g/m2/day) at almost double, as well as twice
increase in Algae lipid content. With this figures and the predicted BeitkEIRhe cat is specified in the
TableB) in for the standard 5ha upgrade we can expect the return on investment for the SOLEALGAE
technology in 6,3 years. Tgrece of the oil is also estimated at 0,85 EUR/I in the periegD3016alculated

on value of 100 EUR/barrel, what we consider acceptable for the years to come.

Production increase facto
Raceway Algae  HOBR with SOLEALGAE Payback

production plant Technology period (years)
Yield (g/m2/day) 9,38 18
Lipid 15% 30%
Qil pricell, in the period 2015/2030, estimated
100EUR/barrel 0,85 0,85
Production total / 5ha 21. 94 84. 23
Difference with Solagen tech. and ROI 62.28 6,29

Table7. RAPP to HOBR vyields increase and payback period

To validate the SOLEALGAE price we have specified it for the typical standard unit of 5ha production facility.
Price breakdown in major items is present@dldhe8. The highest value contributors to price are light

collectors and light distributors due to the large quantity needed for covering the HOBR surface areas. The
project results distribution will allow other SMEs to participate in the fair share of duemeiitsachrough

licensing of the light distributors/collectors.

SME technology
EUR 391.975,( provider

Light Collectors 125.000,0( MICRODEAI

Light Distributors 160.000,0( MICRODEAI

Control part 10.500,0( EMERGC

MechanicaPart 39.000,0( ALGAEDIESE

Piping and tubing 5.000,0C ALGAEDIESE

Cleaning system: 15.000,0( ALGAEDIESE

Bio items/components (CO2 injection, ALGAETEAN
extraction, algae 15.000,0(¢

Maintenance, incremental pery 4.000,0C local
Engineering and design, other costs (max. 18.475,0(
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ALGAETEAN
ALGAEDIESE

Table8. Price breakdown of the SOLEALGAE technology for typical 5 ha plant

Sales Forecast

In order to estimate cumulative benefits of the SME partners we have to predict SOLEALGAE technology sales

Sales forecast will be done using the figures from previous tables and integrating thEnoihtiB ¢ferdabke
source not found.

2020 2022 2025 2030
Estimated Algae biofuels marl
0,06 0,26 1,47 6,72
(in BillionQ)
# HOBR 5ha needed for productlon_of estimated . 665 3.030 17.452 79.781
biofuelsmarket
SOLEALGAE total market potential (in Billion E 1.303 5.938 34.204 156.36C
SOLEALGAE targt 1,00% 1,00% 0,70% 0,30%
Price factor 100,00% 90,00% 80,00% 65,00%
SOLEALGAfImber of units sc 13 59 239 469

SOLEALGAE total market in EUR @ base price of 5.107.44¢ 20.947.83! 75.079.49:  119.514.29

Total
cumulativi 2 2 0. 6 4

Table. Sales forecadbr SOLEALGAE products

Basis for the sales prediction is the Estimated Algae biofuels market in period of 2020 to 2030. Out of these valu
calculate numbers of typical 5ha HOBRs plants to be installed to satisfy those predictiomabAtthouttethe nu
2025 and 2030 appear high, in those years to come the average size of HOBRs in production could increase sif
nevertheless wedol |l use the 5ha unit size for sale
Our targeted market share is rather limited argkoaative. It ranges from the 1% at the begging, down to

0,3% of total market potential in the latter phase. Although the percentage is decreasing due to the emerging o
new competition, our sales will grow organically because of the significant matkeDgre to the further
advancements in the technology

and economies of scale we are expecting that the price will decrease in time, what is presented in the table anc

it is scaling down from 100% to 65% even less in 2030. That will give a boostHOBRtiestallations and
increase ROI on plants.

EU SME partnersd® economic benefit

Besides benefits that are associated with the final customers, it is for sure that the SOLEALGAE will bring
substantial economic and non economic nature benefits to SBHE padijners for the 15 years period.
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I n order to keep the production volumes in |ine w
capacities, particularly at the MICRODEAL and ALGAEDIESEL. It is also expected that the licensing of the
technology to the remote worldwide installers and technology providers could take place in order to insure
required quantities and ensure the added value from the after sales support. The partner SMEs will benefit
economically additionally from this segment.

The SMEOs are expecting to share the total value
SME economic benefits are presenteabigio. Theestimation is based on the roughly agreed percentage of
the partner supplyingbmponents or service.

Benefit
contribution 2015 2020 2025 2030 TOTAL
MSHARF 43% 2. 181 8.946 32.06°¢ 51.04¢ 94.236.39.
EMERGC 13% 647.! 2.655 9.5109 15. 152 27.975.52
ALGAEDIESE 25% 1. 279 5.247 18.80°¢ 29.94¢(C 55.276.96:
ALGAETEA" 20% 999. ( 4. 097 14.68¢ 23.3771 43.160.19:
TOTAL 100% 5. 107 20.947 75.07¢119.51 220. 64

TablelOSMEs 6 benefit contribution

EU jobs safeguarding

One of the major non economic benefits that SOLEALGAE project will generate is the jobs safeguarding effect
that could be roughly estimated and quantified for partners and other organizaticuppiytohainTable

11). We have estimated a rather conservative approach in the jobs estimation. New jobs at the HOBRs are not
considered in the table. The extension of the production at the SMEs coatd geeethigher number of jobs

then presented in the table.

2015 2020 2025 2030 TOTAL ACTIVITROLE
Advanced control and automation system provider, as well a
EMERGC 10 5 5 7 27 other electro energetic systems.
Will be integrator of the HOBR concepts, mechanical, constr
ALGAEDIESE 15 20 30 10 75 parts of the design, after sales will be provided
Will provide part of the plant design, algae strain selection
ALGAETEANMN 3 2 2 2 9 services, biological HOBR operations khow
TOTA 58 37 52 49 196

Tablell S ME s 6 new jobs and jobs safeguardi

Time to market and life cycle of the product

In order to place the SOLEALGAE plant to the market it needs to pass the development, testing and verificatior
phases. It could be assumed that first full equipped and full operating plants is likely not be launched to the
market before the end of gexmd yeaof its development. Therefore assuming that the 2020 is the year of the
development beginning, the first full featured product will enter the market somewhere in 2022/2, although
commercial orders could and will be prepared in advance. Life cycleadubeip estimated at-30 years,

due to the quality of components that will be installed, so it is the estimated exploitation period.
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2.2Measures to maximise impact

EU SMEs and R&D partnero6s cross | ink

Complexity of product, technological demand dodspeeific market niche globalization are justifying the needs fol
a combination of SME and RTD partners from different countries. To satisiEthepedialdeamand for the
specific product as SOLEALGAE is and later to supply it intkegtotted mecessity for creating anaiosal
exploitation capability is unavoidable.

The necessity of creating a-trathsnal R&D, integration, manufacturing, validation capability at all points within
value chain are needed to develop antkppelcific components of the SOLEALGAE.

The vehicle of success of this project is through technology, business partnerships, SME licensees and joir
towards global LEs and European Trade Associations. The result of this projectiaviloba thansatianal

delivery capability able to satisfy a significant proportion of the high demand member states. This will then be ¢
future to have the capability of supplying the remaining EU states and the rest of the world.

Clusters arepeead across West Northern Europe to Southern and Eastern member states and even include
candidate country, Croatia.

Exploitation plan for use of foreground results, route to exploitation

In order to tackle the market with the challenging produ€ldSAR GAE is partners produced the Exploitation
Plan for the use of the foreground results which is defifedbliel2
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Years Phase Description

o) During this period, research and innovation activities for developing single components for
% SOLEALGAE will be completed. With these innovations, we will build a complete proof of
% o prototype and will carry out an extegadiesting programme during this phase to ensure that
1 é % SOLEALGAE can operate efficiently at extreme conditions.
<
- 0
S During this period we will seek to establish a trademark and ensure that our innovations ar
S protected.
o
g Our Initial Exploitation phase will concentrate on establishing a market presence in EU anc
8 markets. Those markets have been selected as there are national regulations and price in:
—8_ use renewable source for biofuels production. ALGAEDIESEL@GAETEAM that possess
24 > extended networks in the biofuels segment will be focused on the current Algae plants/ At
15 time the SME members will target potential new plant producers in EU and worldwide.
(2]
= Some initial activities and moves to targedrAgirritories will be made in this phase as well.
LL
The main activity during this period will be to consolidate the market in the EU and USA, a
training and equipment needs for first 3 years to penetrate key markets. We will target sou
5 European countries primarily Spain, Portugal and Itahg wiore solar irradiation available.
% ALGAEDIESEL and EMERGO will lead the sales here. We will also expand into countries
S Germany, France and UK which our extended partners representing.
()
48 E) During this period, we expect demand to ramp up significamtéytzuild a portfolio of successfu
=i installations.
S
a As a result, we expect to license some aspects of production as well as approving new wo
partners. Intense activities to target Asian territory will be made here in partnership with pri
partnes.
Once we have sufficient European and US penetration, we will be in a position to exploit tt
E c technology on the global market. There are four other potential countries Brazil, India, Aus
above & S Canada identified where we can exploit SOLEALGAE appldatitve support of our partners.
E 2
815 < i We will continue our global expansion in Chine. As such, we will monitor the market situati
85 t hroughout the project and will coll ate

appropriate changes in expédion strategy.

Tablel2 Exploitation plan for use of foreground results

2.2.1. Project results and IPR

The goals of the Project are folal. In the first case to provide each of the SME partners with technical
developmentwhich support their core activities in the fields they are engaged, and in the second part to assist
in the development of an overall development which can be pursued by a cooperation between the partners.
The following table indicates the specific interaisthe SME partners and their links to the results from the
Project

SME Partner Specific Interest Associated Result

MICRODEAL Optical systems including solar R1: Novel concept of light collector for Algae
concentrators, both lens based and | cultivation
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luminescent concentrators. Low cost R2: Novel concept of light distributors for Algae
waveguides. Coatirtigchnologies. cultivation

R3: Environment Control system for Algae cultivatior

Emergo Control systems, novel engineering = R1: Novel concept of light collector for Algae cultivati
solutions for renevide energy _ . L
applications R2.'Noyel concept of light distributors for Algae
cultivation
R4: HOBR integrated concept
ALGAETEAM Development of algae photobioreactc R3: Environment Control s for Algae cultivation

including sale of complesgstems
including growth systems, monitoring
and control, cleaning. Systems for
processing of algae biomass.
Consultancy in selection of algae stra
and use in aquaculture, nurtraculatur
and biofuels, including aircraft fuels

R4: HOBR integrated concept

ALGAEDIESEL Production of ALGAEDIESEL R3: Environment Control system for Algae cultivatior

R4: HOBR integrated concept

Consortium members are aware of the importance of protection of IPR anjectifequs is on exploitation,
not dissemination, where any dissemination that will be carried out, will on&ftedtier IPR, or knowledge
created in the project has been protected by means of patents or other appropriate means.

The ownership of relési has been agreed between the partners on the basis of their interests in the
predominant results of the project as given in the following table.

The partnership has already developed an Exploitation Strategy for the management of knowledge, intellectual
property and of its inteelation with the various innovati@hated activities planned.

This will also include the management of the activit@ssure that the results are adequately protected and
that the dissemination is carried out without thr

Prior to the programme the conclusion of the innovation related activities, MICRORBGKtenilie patent
for theLuminescent Concentrator Collectors and another one for the Lens basahSattectoras already
confirmed with a patent attorney that the shield composition is patentable.

The consortium partners have agreedahithe SMEs will own the IPR from the andjdicat all RTD
performers TEAV, SCIMERGO and SCIENTX are expressly prevented from owning any of the resulting IPR frc
the project. Any other results that may arise from the project will alsodoeby the SME

Different types of Intellectual Property Rights (IPR) will be developed in this project. These include patents
(collectors and distribytasnceptual design of production plant (both registered and unregistered), software
and databases for the exppgystems and advanced control system, and other secreh&now

The most valuable project results are:

0 Novel concept of light collector for Algae cultivation
o Novel concept of light distributors for Algae cultivation
o Environment Control system far éltjavation
0 HOBR integrated concept
Distribution of the IPR results among SMEs is displayed in Part A (A5 Project Results).
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Background owned by the RTD performers or the SME partners which is or will be found necessary for the
implementation of thgroject will be granted royalty free to all partners. For use purposes after the end of the
project access to background will be granted royalty free in the most case, except for some prior patents of
ALGAETEAM which will be provided on a fair and relesbaals.

The SMEs will ensure t@mmand on the Rugh the CA that the licensing incomes from the direct sales to
third parties will be regularly controlled. Access rights to the foreground and background will be fully provided
to all partners in der to carry out the project.

Background owned by the RTD partners for the SME partners which is necessary for the project to be
undertaken will be granted royditge to all partners for the purposes of undertaking the project and

subsequent R&D acties. After the end of the project, where required, RTD and SME partners will grant royalty
to such necessary background as free access except in the case of patents owned by ALGAETEAM which will
be provided on fair and reasonable conditions to other $t&rpavhere they are required for commercial
exploitation (since these patents form the basis of ALGAETEAM current commercial activities). The specific
terms of the conditions for the other partners in the consortium to licence ALGAETEAM backgtduend IP wil
agreed and included in deliverable D7.3 Interim Plan for the Use and Dissemination of the Knowledge. These
terms will match or be better than any existing licence entered into by ALGAETEAM for this IP.

For Ip exploitation and development rightsallmning table provides the background IP position as currently
understood:

Background IP Holder Description

MICRODEAL Filed patent: luminescent concentrators for algae gro

MICRODEAL US 2011048411 (AIPRISMATIC LENS

ALGAETEAM WO 20090514782) - PHOTOBIOREACTOR AND
METHOD FOR THE PRODUCTION OF PHOTOTRO
ORGANISMS

ALGAETEAM WO 2009051478 (AZPHOTOBIOREACTOR WITH A
CLEANING SYSTEM AND METHOD FOR CLEANIN
A REACTOR

For IP exploitation and development rights, the followilegpralvides an initial position on foreground
exploitation:

Forground IP description Exploitation Partners
Novel concept of light collector for Algae cultivatiq MICRODEAL, Emergo

Novel concept of light distributors for Algae cultivg MICRODEAEmMergo
Environment Control system for Algae cultivation | MICRODEAL, ALGAEDIESEL, ALGAETEAM
HOBR integrated concept ALGAEDIESEL, Emergo, ALGAETEAM

IPR will not be shared with the RTD performers. Therefore the SMEs will keep full ownership and reimburse at
100% the invoices for the RTD subcontracted to the RTD performers. RTD performers will be free to use the
results for further research (that is fvommercial exploitation) if those results are not identified as

confidential.

International consortiubenefits for the SMEs
With the newly implemented technological SOLEALGAE solutions the project will provide, by creating higher
levels of differentiation the partners will be able to overcome market obstacles in order to begin selling the
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product to EU arglobal markets. The differentiation for the worldwide market will be gained through a suitable
IPR strategy for the consortium, to be developed at the consortium meetings and laid out in the teaming
agreement.

Since the products and systems to be devdlathin this project are of the global reach, the market approach
will be ultimately global as well, and the worldwide distribution will be explored for the immediate market
penetration phase.

Once entered on the market with proven functionality SOLE#lcBiAdtogy (components and the integrated

novel plant design) will surely improve existing and stimulate new algae production plants. Selected project
partners of different areas of influence and market opportunities will target in different expiasgagon

different territorial areas. Thus the EU, Near East, Middle East and North African markets will predominantly be
covered by organizations partners within the consortium ( EMERGO, ALGAETEAM and ALGAEDIESEL). GAS
as the norBME partner will alsomtribute to the EU wide market penetration in areas of its influence. The later
stage global market distribution will be planned initially with ALGAETEAM and other regional partners as
required.

Second phase distribution strategy of the product @ankebdreas that are not yet directly covered by the project
partners (South Africa, USA, Asia and other worldwide regions) will be developed and presented within the pre
time. The provisory distribution for the product at the globaldetel isnpties Figure Gdobal market coverage

and european market coverage if preserigpater2

Figurel2. European market coverage
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