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Climate change has alerted
photosynthesis research
solutions for clean ene
(2004 — 2005)

For sustainable
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The global concept

20% of all land where things
can be grown (7-10 TW)

There Is not a single solution.......
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The global concept

Annual global photosynthesis 125 TW

Solar energy influx = 120 000 TW per year

Solar/hour

In less than 1 hour this corresponds to

mankinds total yearly consumption

IOl e NG [l 2050; 30 TW (28-35)

80%

iom

as+coal(Be

.,nuclear

2007:cald TW

0 10

20 30
TW year




Use of solar energy

1. Strong development in solar energy
conversion to electricity. Electricity iIs
used to carry a minor part of the
energy that is used in the world.

2. Production of biomass is limited on a
global scale — not enough even in
Finland for sustainable Bioeconomy.
There Is not enough biomass to
exchange for fossile fuels.




SOLAR ENERGY - OPTIONS

Converted | hydrogen or carbon
solar energy:

based direct fuels
Oil, Biomass 7
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Efficiency of Solar Energy Conversion

ng h Solar energy stored via photosyntesis in: Nature of the fuel/feedstock:

A\

Photosynthetic light reactions can convert about = 40% .
from solar energy into chemical energy in the form of SO I a‘r Fu el S -

reducing power and proton motive force _ Artlfl Cial Ph Otosynth eSiS

First glucose units — | Liquid fuels directly from @ - B | (@) SO | al Fu el S
< 30% of energy left

The most efficient form of biomass.
—¥ | Mass culture of micro algae - easy to
convert into alcohols, hydrogen...

Chloroplast starch and cyanobacterial glycogen - the
first hydrocarbon polymers synthesized from primary

jJuawidg

Ethanol: sugar cane - the most efficient existing feedstock

Storage starch in seeds and tubers -~ aPPen DT O

(Many energy consuming conversion _ Inefficient, danger for food security.
and transport reactions of biomolecules required) Only for limited and controlled use

\
. . ) More efficient algal production
Seed or fruit oil (Many energy consuming conversion /' under developm?entp

and transport reactions of biomolecules required) 7

i il Vv | 3 —— ith Abundant but inefficient feedstock.
ignocellulose. Very complex structure with energy ] Sustainable only if the volume of

icnodnssliwalllngrgfesgg;hess and inefficient and expensive the use is based on careful
u P 9 calculations
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Animal fat. Very far from online photosynthesis

Very inefficient and limited feedstock.

Very inefficient feedstock. Plenty, but
sustainable only in very limited use.
Extremely slowly renewable
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Ol | y i Extremely inefficient feedstock. Very
HIGH abundant, but practically not renewable
Least amount of solar energy stored :



SolarFuels
Vision — make a fuel from the

endless resources of solar
energy — water - CO,

Photosynthesis
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Photosystem Il, the water oxidizing
enzyme

The water

oxidizing -~ a O e~
complex W A ot
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EU FP7 Solar-H2 network develops two novel
processes; both unproven and conceptually new

H,0 H,

Artificial
photosynthesis

Vg

Hydrogenase j
Photobiological

Photosystem I hydrogen production

Coordinator Stenbjorn Styring, Uppsala University




Interdisciplinary science
Building closely integrated networks

@ Spectroscopy, chemistry
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Coordinator Stenbjorn Styring, Uppsala University




Biodiversity of Cyanobacteria

% = Screening of Cyanobacteria culture
“$% ¥ collection (University of Helsinki,
Department of Applied Chemistry
and Microbiology) for excellent
H, producers

« Cyanobacteria isolated from Finnish lakes
and the Baltic Sea (water, sediment and mats)

v '« Over 1000 strains

« N2-fixing filamentous strains, non-N2-fixing
filamentous and single cell strains

Further improvement of naturally
efficient H, producers




"Design cell strategy”

Craig Venter Approach | CyanoBioEnergy Approach

"Bottom up” "Top down"

Matthias Rogner Ruhr University .



® -

Energy metabolism design :

Removing energetic barriers for PS-powered H,-production

CO, biomass

"Design organism”

design!

Matthias Rogner Ruhr University



BioEnergy group ~ 800
University of Turku, Department of Blochemistry, Centre for Biotechnology, — . .
~

Tykistiskatu 64, Skrs, 20520 Turku, Finland, +358-2333-8094, patrik jonesabek A 4 2

H,0 Efficient and
i oxygen tolerant

__hydrogenase
e H,
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Direct photobiological conversion of solar energy to
volatile biofuels

May 2010, Patrik Jones



EU’s roadmap to the hydrogen economy

Renewable H2 to 2050
dominate

Non-coal based H2 beginning to /

become important. Start of renewable H2.

Hydrogen
based economy

ome determining
factors according
to the EU!

A dominating industry and a huge

Hyrdogen first choice in vehicles
source for renewable H2

with fuelcells

Fuelcells for vehicles

H2 from fOSSiIe fue|S In massproduction
using CO2 sequestration 2020

Cheap massproduction
IS necessary, established

Industry and market
H2 from
natural gas

£
\ Many early users demand H2 from
2000 Renewable resources

@)
s O
>
: Basic research
towards technology
/ \

Fossile based NOW!! Basic research towards
economy now break through

\ Technique development 15 years

Fuelcell development /

Cheaper, better, versatile
y4v) 10

H2 from
Photosynth




sioknergygrop — EU FP7 DirectFuel Network =400

Tykistiskatu 64, Skrs, 20520 Turku, Finland, +358-2333-8094, patrik jonesabek A 4 2
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Synthetic Biology

)
.

co,
O2

Direct photobiological conversion of solar energy to
volatile transport fuel

May 2010, Patrik Jones



Direct photobiological synthesis of engine-ready fuel

Engine-
Ready
FUEL

Boiling point
-42.1 -C







Solar Land Area Requirements




How it Works

Highly engineered
product-specific photosynthetic
organisms in non-freshwater solution

SolarConverter™

Direct-to-Product™
Systems Process, eliminatés'need

for agricultural feedstock
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Non-Agricultural Land

JOULE ‘ .‘ TG Commercial;Production Unit

Helioculture ™ Technology




Miinchen, Samstag/Sonntag, 4./5. November 2006

oy Tiefe des Weltalls fotogra-
§ fiert worden. Diese Auf-

¥ 1165 Weitwinkel-Fotos

62. Jahrgang

Ein Punktchen

Erde im All

Zum zweiten Mal in der
Geschichie der Raumfahrt
ist der Planet Erde aus der

fnahme stammt von der
europaisch-amerikani-
$chen Raumsonde Cassini.
Bie zeigt die Heimat der
tMenschheit als Licht-
unkt iiber dem linken
Rand der Ringe des Saturn
(Pfeil). Das Bild wurde aus

7usammengesetzt, die
LCassini schoss, wihrend
die Sonde den Schatten
es Saturn durchquerte.
bie Sonne steht hinter
dem Planeten und erzeugt
einen gleifenden Kranz
Earn den Saturn, wihrend
ein Teil des Sonnenlichts
‘auf die Erde fallt und sie
als Fleckchen sichtbar
macht. Folo: AP/Nasa

‘



