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Prehistoria g
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"On the arid lands there will spring up industrial
colonies without smoke and without smokestacks;
forests of glass tubes will extend over the plains and
glass buildings will rise everywhere; inside of these
will take place the photochemical processes that
hitherto have been the guarded secret of the plants,
but that will have been mastered by human industry
which will know how to make them bear even more
abundant fruit than nature, for nature is not in a
hurry and mankind is. And if in a distant future the
supply of coal becomes completely exhausted,
civilization will not be checked by that, for life and
civilization will continue as long as the sun shines!™

Ciamician, G. The photochemistry of the future.
Science 36, 385-394 (1912)
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Historia

Figure 2.7: First Algae Mass Culture Experiments on a Rooftop at MIT (Burlew, 1953).
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g . Species
Cyanobacteria Ufluellular Multicellular Selection &
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Ruta mas estudiada -
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Robust, productive strains

1 Algal Biology

Sustainable High Lipid Biomass Production
< >50% ::g;/d content at harvest
. - >20 g/m?day productivity (open system)
2 Cultivation . Bgdwil yield (closed system)
Water/
Nutrient Low Energy Biomass Concentration (150X)

Recyc le 3 Harvesting & « 5,000 galiday processing for harvesting unit

Extraction Sustainable Lipid Extraction
« 15 gal/day lipid extraction capacity per unit

Lipid Conversion to Fuel
* LEA. 90% recycle nutrients
= Energy required for conversion is
10% or less of energy in fuel

4 ConVer sion GRSl - Energy Retum on Investment (> 1)
Lipid Conversion to Fuel LEA Usage & Conversion

v _¢ v v

Information Management
Advanced System-level Models

System
6 Sustainability

: d us eeamrmnr o) | Enory Efficency &
S8y o @ENERGY | Ruvivase vy
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Biologia de algas ’:J
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Seleccion de cepas:
- Cepas silvestres
- Bancos de algas
Mejora de cepas:
- Métodos no genéticos
- Modificaciéon genética
Objetivos:
- Maximizar la produccion de biomasa
- Maximizar la produccion de metabolitos
- Optimizar la robustez de la cepa
- Facilitar la recoleccién y extraccion
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Biochemical Composition 5f Algae Is Spe

Starch (% dwt) 0
Protein (% dwt) 60 50

Reversible transformation of a Scenedesmus cell under various culture conditions

Lipid (% dwt) 10 15

Starch (% dwt) 8 5 P 15
Protein (% dwt) ©° 30 20 10
Call wall (% dwt) 10 12 1 16
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Inputs Stabilising interactions Synthetic community Potential contaminants
selective grazers
Selective Top-down
grazers (G) control

:“ other algae
resource
. redators
Biomass producing complementarity P
algae (BA)
- . —— Oil producing algae cormpelitors
0il producing :
algae (OA) Imutuahsms NediiG
: contaminants
gy S— symbiotic bacteria
Syul;loilc
bacteria (S8] w
. . . - Decreased probability
. nutrients of successful
Nutrients ) invasion
o N P Fe

Fig. 3. Principles of “synthetic ecology” to assemble an ideal algal community for industrial cultivation. A synthetic community, aimed at stabilising growth of oil-producing
algae (OA), might be achieved by an assembly of different organisms. Bottom-up control is achieved through the manipulation of the nutrient status of the medium (N,
P, etc.), which will select for certain algal species over others. Inclusion of vitamin B,,-producing bacterial symbionts (SB) mirigates the need ro supplement the medium
with an expensive micronutrient, but also fill the bacterial niche, so as to exclude other bacterial contaminants. Algae with complementary nutrient requirements may be
co-inoculated into the growth medium (BA). They may not be in direct competition with oil-producing species, and will serve to enhance the overall biomass output of the
culture, Top-down control is achieved through carefully selected grazing zooplankron (G). which preferentially eat either comperting algae or the predators of oil-producers.
Invading competing predators are less likely to establish if grazing zooplankton are introduced from the start.
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Sistemas abiertos (open ponds)
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Sistemas de cultivo
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Sistemas cerrados (fotobiorreactores)
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Sistemas de cultivo ":J
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Sistemas cerrados
(fotobiorreactores integrados en entornos urbanos)
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Sistemas de cultivo

Sistemas para macroalgas
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Sistemas de cosechado y secado ~
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Floculacion
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Sistemas de cosechado y secado
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Sistemas de cosechado y secado

3 Algal BioMass DeWatering Application
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Sistemas de extraccion de aceite

Single-Step Oil Extraction anmOII

Processed

Moture
Algor

Extroction
Tank

COforph _—— —-
Maoddiation 7 “ Becvomognetic Flalds SO

b 4464

Woater Recycling
| {Return to Bioreoctor)

Quontuin
Frocturing ™

Sistemas de extraccion no convencionales
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Aplicaciones energéticas *:J
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Sunlight
Gas and Water Ahla Biofuel
Conditioning Refinery
Recyclad Waer mof
Biomass

—~
-&u a
D, tmassions

Primer vuelo de un avién con combustible de algas (EADS)
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Pros
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Alta productividad

Capturan CO,

No necesitan suelo cultivable

No necesitan agua dulce

No contaminan suelos o acuiferos
Cosechado continuo

Coproductos de alto valor
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Contras

X Tecnologia poco madura
X Productividad a gran escala limitada
X Altos costes de produccion

X Lipidos no siempre aptos para
biocombustible

X Sostenibilidad cuestionada

© Repsol SA. D. Tecnologia y Corporate Venturing. Octubre 2018
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Why microalgal biofuels won't
save the internal combustion
machine
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Contras: exceso de expectativas "3:
REPSOL

1300 KWh/m2 year

1

46.800.000 MJ/ ha
year

1

With a PE of 10% and an
energy content of algae of 20
MJ/Kg maximum productivity

is £ 240 ton/ ha year

§d488a5a53%

© Repsol SA. D. Tecnologia y Corporate Venturing. Octubre 2018



_
-
REPSOL

© Repsol SA. D. Tecnologia y Corporate Venturing. Octubre 2018



Retos: sostenibilidad

Desarrollo sostenible

DESARROL
SOSTENIB
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Sostenibilidad econémica ":J
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Baseline Production Cost of Algal Oil per GGE

§ \ Areal productivity (g/m?/day) 15
) Culture density (g/L) 0.5 $12.00
‘mmm Lipid content (%) 2%
. COz uptake efficiency (%) 50% @ $10.00
\\ Nitrogen uptake efficiency (%) 75% E
N K_ Phosphorous uptake efficiency (%) 50% % $8.00
\1’5 Nutritive supplements Harvesting efficiency (%) 90% g
< B IR Extraction efficiency (%) 8o% .é $6.00
1““ Ceuten CO2 price (s/ton) $0 é
[ $4.00
JURCHONM Jonees ivati g
e L - o o 20
Extraction $ 2.88
Total $13.46 =

W Cultivation M Harvesting M Extraction

Fuente: Proviron Fuente: Lux Research

Precio actual de los biocombustibles de algas: 2 a 20 €/

—

Precio actual de otros biocombustibles: 0.5 a 1 €/
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Sostenibilidad medioambiental ’:J

REPSJOL

Sustainable Development of Algal
Biotuels in the United States

Cannas oo e Vormahh Do sowaew of Al Seonat.

SUMMARY FINDINGS FROM THIS AND EARLIER CHAPTERS

Meme ca Agirbome o Fermen| §rvmaes
Dhonaton. vt Lart wt Uitk Yentan

L L e b

(et o g o P e Based on a review of literature published until the authoring of this report, the committee
concluded that the scale-up of algal biofuel production sufficient to meet at least S percent
of U.S. demand for transportation fuels’ would place unsustainable demands on energy,
water, and nutrients with current technologies and knowledge. However, the potential to
. shift this dynamic through improvements in biological and engineering variables exists.
- S (See also Chapters 2 and 3 on improvements in biological and engineering variables.)

SARONAL BESRARDS LOLMCL
"o

Ity

Sustainable development of algal biofuels would require research, development, and
E—— demonstration of the following:

* Algal strain selection and improvement to enhance desired characteristics and
biofuel productivity. (See Chapter 2.)

¢ An EROI that is comparable to other transportation fuels, or at least improving and
approaching the EROIs of other transportation fuels.

* The use of wastewater for cultivating algae for fuels or the recycling of harvest
water. parficularly if freshwater algae are used.

* Recycling of nutrients in algal biofuel pathways that require harvesting unless
coproducts that meet an equivalent nutrient need are produced.

A national assessment of land requirements for algae cultivation that takes into account
climatic conditions: freshwater, inland and coastal saline water, and wastewater resources:
sources of CO;: and land prices is needed to inform the potential amount of algal biofuels
that could be produced economically in the United States.
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Potencial en Europa "31
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Fig. 2:  Map showing the microalgae biomass resource potential
(for each EU-27 country in Mt a and the mean biomass vield in t ha™ a™)
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Exxon Makes aBiofuel
Breakthrough

Zv Jenniter A Diouhy

19 de junio de 2017 17:00 CEST Media Q GTM RESEARCH 2 GTM EVENTS 2 GTM SQUARED 2
From Climate MostRea
Apple, Goog|
= J. Craig Venter’s Synthetic Genomics teamed with Exxon Mobil . hower.as 0 G t. P H c H v t d E cl 1
crae v Censorship enetics Fioneer Craig venter an XXon CiLaim

=+ Technique could lead to commercialization of algae-based fuels - -

& CVS to Buy Algae Biofuel Breakthrough (Again)

=~ Remaking H{

GRID EDGE .
. . . ’ 2 We're still not much closer to commercialized algae biofuels.
It’s the holy grail for biofuel developers hoping to coax energy out of algae: Keep the «2 Europe Set{
organism fat enough to produce oil but spry enough to grow quickly. < Grair' with T4 FRRER I ERICWESOFF: | JUNE:21;. 2017
J. Craig Venter, the scientist who mapped the human genome, just helped Exxon Mobil & ;i‘ve('r\l;mgsD n o o @
e . art Your

Corp. strike that balance, with a breakthrough that could enable widespread
commercialization of algae-based biofuels. Exxon and Venter’s Synthetic Genomics Inc. & Dollar, Yielo S

are announcing the development at a conference in San Diego on Monday.

They used advanced cell engineering to more than double the fatty lipids inside a strain
of algae. The technique may be replicated to boost numbers on other species too.

Stocks Mixe

Webinars
White Pej

Vidsos

Every few years, J. Craig Venter of Synthet cs and Exxon issue a joint proclamation
about progress in biofuels derived from algae. Venter gets funded, Exxon gets green cred
breathless articles get written in the business press, and we are once again reminded that

algae is the fuel of the future

Venter has made brilliant contributions to modern genetics. He was part of the team that
sequenced the second human genome

Still, the team of Exxon and Synthetic Genomics have been working on algal biofuels since
2009. and although they are claiming a biofuel “breakthrough” in their latest release, the
time frame for commercialization verges on generational as opposed to the decade-scale

e i

is easierthan ever.

@D o0 | Scpeider

Sign up for the 6TM
newsletter. Stay up to date
on all the latest!

TOP ARTICLES
MOST POPULAR
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JOULE® Home  About  WhyJoule  Partner  News&Media  Careers  Contact

mous @ @
Contact Us Press Releases

Joule
12 Crosby Drive

Bedford, MA Q1730 JOULE AND RED ROCK BIOFUELS ANNOUNCE INTENT TO MERGE, CREATING AN INDUSTRY-LEADING CARBON-NEUTRAL

FUEL PRODUCTION PLATFORM

721-533-9100 (P
340 (F) 11/12/2015 Bedford, MA and Ft. Collins, CO Joule, the pioneer of liquid fuels from recycled CO2, and Red Rock Biofuels, a leading

General Inquiries: developer of renewable jet and diesel fuel bio-refineries, today announced their intent to merge. Red Rock adds a proven technology
o euntim om pathway to Joule’s own Helioculture technology and strengthens Joule’s platform for global supply of carbon neutral fuels. The
transaction is expected to close during the coming 30 days.

In association with this merger, after a year of important service at a critical transition phase for the company, Joule also announced
that President and CEO, industry veteran Mr. Serge Tchuruk, will return to his previous board role. Dr. Brian Baynes, a current board
member of both Joule and Red Rock and partner at Flagship Ventures, will succeed Tchuruk and will lead Joule as it enters a
commercial deployment phase

e ___________________________________________________________ |

REPSJOL

DIRECT, CONTINUOQUS PROCESS FOR RENEWAELE DIESEL PROOUCTION

WASTE €O,
woNPOBLE X ‘

ALGAM RIOMASS DIESEL FRODIXTION

AXAN DESEL

Joule Sunflow-E Conventional Ethanol - E“'> \
.
v Requires only waste CO,, sunlight and non-potable water ®x Requires biomass feedstocks that fluctuate in price and availability

v Produced in a single-step conversion, with no downstream processing % Produced in a multi-step conversion, including biomass growth,

collection and processing
v Available in high volumes at competitive costs, targeting 25,000

gal/acre/year at approximately $1.28 per gallon x Productivities are limited (200 gal/acre/year for corn ethanol and 2,000
gal/acre/year for cellulosic ethanol)

v Requires no depletion of agricultural land, fresh water or crops
x Requires use of agricultural land and, in some cases, f

JOULE

SunSprings™ Froduction Plant

BOOMSIL
TRIGISCEIDE FSTERS

Product is collected
and ransported to
central plant for

Our propnetary
organism
continuously
produces and
secrets desired
product;
Central Plant SolarConverter
performs initial
ration

final separation
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Sinergias con tratamiento de aguas residuales -:

REPSOL

T%_m Invitacion -
All-gas l

Inauguracion de la fase Demo
del proyecto All-gas en la depuradora El Torno, en !

1 de diciembre de 2017, 12:30 h
S.R.C. Alberto Garcia jagarciam@fcc.es m: 696 931 772

LIFE ALGAECAN

Adding sustainability to the fruit and vegetable processing industry through sol

36



Co-productos no energeticos

Cost Price > € 200/kg — Nutraceuticals
€
Cost Price < € 20/kg ‘:{) Aquacultures

bulk chemic
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Carp grown on algae meal instead of fishmeal
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TOP 10 COMPANIES IN ALGAE PRODUCTS MARKET

5 @ ioter @ =
m Corbion RS DSM - rrys

@ CANUAY Calltledad sl ALGAL \ BLUEBIOTECH
ies MIKROALGERMN BIOTECHNOLOGIE

TAIWAN CHLORELLA MANUFACTURING OO., LTD. Technolog

, e
slgae-based products
2 sustail future
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Sinergias con produccion de proteinas g
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a-‘ ' AlgaVia® PROTEIN-RICH
WHOLE ALGAE

A NEW VEGAN PROTEIN.

AlgaVia® ProfeinRich Whole Algae delivers profein along with a rich
collection of fiber, healthy lipids' and micronutrients. With a protein
that is protected by a natural cell wall, this ingredient enables
fortification in challenging applications such as low pH beverages,
dressings Ond crackers.

PRODUCERS

Protein Goes Green: Can Algae Become
The Next Soy?

August 11, 2015 - 5:27 P

JESSIE RACK
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Sinergias con produccion de nutraceuticos

&
«AQ&QO
&

Comprehensive
Algae Nutraceuticals Report

June 2017

Functionalingredients
from algae for foods

and nutraceuticals

Edited by Herminia Dominguez
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