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. Energy Storage and Grid Integration & Electrochaea

Power Grid Gas Grid

Uses:
. * Electricity
Wind Energy « Heat

« Transportation fuel
* Industrial fuel
* Chemical feedstock

- -
Solar Energy 1

Gas-Fired Power Plants

Water  Oxygen

Low-Carbon
Energy Sources

Gas Storage

Renewable

Electrolysis Natural Gas

Carbon
Dioxide Supply

Suitable CO, Sources: Carbon Dioxide Methane

‘ * Biogas
» Fermentation off-gas
* Oxycombustion flue-gas

- Othr landi atmospheric EEREEEEEEE Power-to-Gas-System ----------------- |

graphic adapted from Sterner, Specht, 2008

www.electrochaea.com



. The Natural Gas Grid Is a ,Battery‘ for Renewables 6 Electrochaea

Electricity Storage Requirements and Capacity of
Potential Solutions in Germany:

Gas and power grid owners/operators need to store and
redistribute low carbon energy to stabilize power grids and
meet financial, regulatory and strategic goals

Sources: Trost et al. (2012); ZSW, Schwerpunktbericht 2009

www.electrochaea.com



. Don’t Underestimate the Impact of CO, Capture 6 Electrochaea

Our Market Will Be Limited by the Available Grid, not
by Available Battery Capacity:

CO, Mitigation Is a Growing Market Driver:

» CO, reduction targets for transportation and
power generation are converging on the grid

* Power-to-Gas combines carbon capture and
energy storage solutions

* 4 GW Power-to-Gas capacity can provide most
of the energy storage capacity anticipated for
Germany and removes 3 mn tons/a of CO,

» Market for CCS (Carbon Capture and Storage)
of 8 bn US$ predicted by 2021** and may grow
larger by enabling grid storage

(**MarketsandMarkets 2016) Sources: Trost et al. (2012); ZSW, Schwerpunktbericht 2009

www.electrochaea.com



. Biomethanation to Convert and Store Energy & Electrochaea

Proprietary Biocatalyst

CO.,/Biogas

4 issued patents, active patent applications worldwide

Operating Conditions

temperature 65°C, pressure 1 to 10 bar(a)

Chemical Reactions

Any H, Source — H,
Methanation CO, +4H, > CH, + 2H,0O + Heat

Electrolysis 4H,0 - 4H, + 20, + Heat

Net Reaction

Power ———m

Water ——8 —

CO, + 2H,0 - CH, + 20, + Heat

www.electrochaea.com



. Unique features of Electrochaea Technology 6 Electrochaea

Unique Biocatalyst , N Ay

« Patented strain N (N Scalable Bioreactor
» Optimized methane LS » Mild operating conditions

productivity (20 x incease) z I/ | ' » Optimized and proprietary
+ Outstanding robustness = \ Zoha design
 Fast start/stop cycles R « Broad range of applications
« Self-sustained sy —

Efficient 98.6% of carbon goes into methane

Productive VVD* of 800, H, mass-transfer limited

Responsive Quick return to methane production — ideal for intermittent duty cycles and load following
Selective 100% methane, no intermediates

Robust Tolerant to oxygen, H,S, CO, Sulfate, Ammonia, particulates

Simple Moderate temperature range (60-65°C)

*VVVD = volumes of gas per volume of reactor per day (24-hr)

www.electrochaea.com n



. Proven Technology and Scale-up 6 Electrochaea

Commercial-Scale Field Trial o DN
Building phase: 2014 — 2016 BioCatProject
Operation: since 04/2016

Preparing for market entry with a commercial-scale
Financed until: 12/2018

demonstration unit, using an optimized reactor, Avedgre (DK)

Pre-Commercial Field Trial
Process demonstration in a 5ms3 stirred tank bioreactor
using raw biogas, Foulum (DK)

Lab-Scale Field Trial
Biocatalytic capability test with raw biogas

Basic Research
In Dr. Mets’ laboratory at the

University of Chicago, USA

2011 - 2012

2006 - 2010

www.electrochaea.com



BioCat Technology Demonstration Project

Scale-Up to Commercial Size
S————
N/
BioCatProject

POWER-TO-GAS VIA BIOLOGICAL CATALYSIS

' EL

HVYRDAC( A, C
NYDROGENICS

 @sloFos

Audi
Vorsprung durch Technik f ‘

v
HMN
Y. INSERO GASHANDEL

NEAS/ENERGY

1 MW electrical input

Alkaline electrolysis and
biological methanation

CO, from biogas

Injection into 4-bar distribution
grid

Heat used in buildings

Frequency regulation
provision

Location: Avedgre WWTP,
Copenhagen




BioCat Integration

Biogas Production

o=

Biogas
65% CH,/35% CO,
Anaerobic — (50Nm3/h CO,)
Digesters
@ sioros 1 @

S 200KW Electrolyzer
To atmosphere Heatat @ 62°
Heat

HYDROGE)NICS

N

=
1 .

1 MW electrical Power

www.electrochaea.com

120 KW Reactor
Heat at @ 62°
Heat

[J Electrochaea

Methanation
System

200 Nm?/h H,

Biomethane Injection

% Fre New Pipeline

_®rrz

Biomethane
>98% CH,

Polishing

Power-to-Gas

¢

HMN

GASHANDEL

Grid Injection

Facility

Power-to-CH, Efficiency:
= 78% (incl. heat recovery)
= 58% (excl. heat recovery)



. Successful Commissioning and Operation of BioCat

Operational schedules and programms:

« >1 year of intermittened operation with various campaigns

Typically 6-12 hrs of operation 5 days per week

Continuous operations campaigns for ~500hrs with >98% plant availability
Non-availability due to smaller technical challenges (switches, valves etc)
Total operational hours ~ 3500hrs

Grid quality product gas:
« 97-98.5% CH,

* 0.2-1% CO,

¢ 1-2% H,

Operating conditions:

» 8 bar pressure

* 62°C

« 55-70 Nm?/hr biogas (37% CO,, 63% CH,)
« 80-105 Nmé3/hr H,

www.electrochaea.com



http://biocat-project.com/

Stable Gas Quality & Electrochaea

OD: 50 | pH: 7.5 | Mixing energy: 1.2 kW/m?3culture | Pressure: 9 bar | Flows: H2: 67 Nm%¥h & Biogas: 42 Nm%¥h

100 s

S

= 80

o

.‘E

8 60 e CH4 % (HMN)
£

S * CO2 % (HMN)
g 40 e H2 % (HMN)
‘g’ * H2S ppm (HMN)
T 20

a

(O o e S

0 10 20 30 40 50 60 70 80 90 100 110
Run time (hours)

Hydrogen % vol. Max. 2 2
e




Full load versus partial load operation 6 Electrochaea

——CH4 (%) —+—-CO2 (%) H2 (%) Flow Biogas (kg/h) —Flow H2 (kg/h)
100 R s S R ™ 45
80
_5 35
.*é 70 30 %
60
g 25 %i’
o 50 =
8 20 ©
2 40 ;
o 15
g 30 E
10
193 20
O 10 = ‘r‘\.._/“—“‘"wu‘\_f“ I.f Jj\ "o 2
0 ¢ 7 _— o = ' 0
0 2 4 6 8 10 12
Run time (h)

- Flexibility of operation between 0 - 50 - 100% of the total capacity
- Quick adaptation of the biocatalyst: no impact on the product gas composition at
different loads



. Details of Demonstration Plant & Electrochaea

1 MW BioCat Plant in Avedgre (DK)

1 MW electrical
power

200 Nm3/h H,

50 Nm3/h CO,
(from Biogas)

75 Nm3/h CH,
(from Biogas)
| EL

10t LT S

s .

(]
———— 550) put
Rl HMN ~ s FO I'-E?:/EL ‘ BIOEOS HYDROG(ENICS
BiocatPrOJeCt CASHAMDEL Varsprung durch Technilk i i

www.electrochaea.com
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. Scalability of BioCat System (; Electrochaea

Scalability to 50 MW BioCat System and beyond

= I\

AT RS RN o
E =

» Easy scalability to 50MW in single bioreactor design and

significant cost savings
» Scalable to 100s of MW with replicable 50MW units and cost

savings in Balance of Plant

Capabilities of a 50 MW BioCat System

Storing 610 GWh/a of energy e l(\;ﬂo?lrseutrf:]?)r:i()lr?g,e()rO;ez?useholds .__,ﬁ*? .

EEED
HE B
@ [ |

Future 50 MW plant

assumptions:
Heat and electricity for one year 3,200 kWh in a household with 4 person in Germany (2013)

L / - Future 10 MW plant

BioCat 1 MW plant

» 8,000 h/a of operation

www.electrochaea.com



. Contact information 6 Electrochaea

Electrochaea GmbH
Semmelweisstrasse 3
82152 Planegg, Germany
www.electrochaea.com

Doris Hafenbradl, PhD, CTO
doris.hafenbradl@electrochaea.com

Mich Hein, PhD, CEO
mich.hein@electrochaea.com

Markus Forstmeier, PhD, VP BD
markus.forstmeier@electrochaea.com . —-\

ECOSLIMMIT RMuwMmR D

Best Smart Green Startups

Bronze medalist 2016 in early
stage start-up category

L\ TOP 100 COMPANY £

.zx‘m.u'n;r

www.electrochaea.com
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