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Charging the gas grid with solar and wind energy – from the “fat duck” to green gas.    
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Charging the Natural Gas Grid  

Challenge of Renewables: 
•  Renewable e- generation is 

intermittent, not responsive to 
demand 

•  Intermittency results in non-ideal 
economic and operational 
outcomes 

•  Storage can mitigate adverse 
outcomes of intermittency if 
scalable and available on demand 

Power to gas as a solution: 
•  Renewable electricity can be 

converted to chemical energy in 
the C-H bonds of methane at grid 
scale 

•  Biological methanation is evolved 
for intermittency and is scalable to 
grid storage applications 

•  Biological methanation produces 
grid quality methane  
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Energy Storage and Grid Integration 
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graphic adapted from Sterner, Specht, 2008 
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Energy Generation is increasingly Green and Intermittent 
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From https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf 

EIA electricity capacity generation addition Prognosis: 
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Intermittency of Power Supply provides Challenges and 
Opportunities 

Intermittency results in 
challenges to grid reliability, 
Supply/Demand imbalances,  
fluctuating power prices, 
curtailment and increasing 
occurrences of low or negative 
pricing and reduced value of 
renewable generation assets 
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From http://www.caiso.com/Documents/Agenda-Presentation-2016AnnualReportMarketIssues-Performance.pdf 
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Power-to-gas can be scaled to meet grid scale storage demand 

Power-or-
gas App 

Power Gas 

BioCat System: 
 
•  Maximize revenue 

from renewables 
 
•  Store & redistribute 

energy and CO2 to 
meet greatest need 

•  Stabilize power 
system with 
dynamic response 

The following charts show monthly year to date wind and solar curtailment by category, if 
any.

The following charts show hourly year to date wind and solar curtailment by category, if 
any.

TYPE YTD CURTAILED MWH
LocalEconomic 69,287
LocalExDispatch 530
LocalSelfSchCut 3,131
SystemEconomic 174,439
SystemExDispatch 142
SystemSelfSchCut 612
TOTAL 248,140

CAISO/HZ                                                      3                                                            May 01, 2017

The following charts show monthly year to date wind and solar curtailment by category, if 
any.

The following charts show hourly year to date wind and solar curtailment by category, if 
any.

TYPE YTD CURTAILED MWH
LocalEconomic 69,287
LocalExDispatch 530
LocalSelfSchCut 3,131
SystemEconomic 174,439
SystemExDispatch 142
SystemSelfSchCut 612
TOTAL 248,140

CAISO/HZ                                                      3                                                            May 01, 2017

5 May 2017 

The first ramp of 8,000 MW in the upward direction (duck’s tail) occurs in the morning starting around 
4:00 a.m. as people get up and go about their daily routine. The second, in the downward direction, 
occurs after the sun comes up around 7:00 a.m. when on-line conventional generation is replaced by 
supply from solar generation resources (producing the belly of the duck). As the sun sets starting around 
4:00 p.m., and solar generation ends, the ISO must dispatch resources that can meet the third and most 
significant daily ramp (the arch of the duck’s neck). Immediately following this steep 11,000 MW ramp 
up, as demand on the system deceases into the evening hours, the ISO must reduce or shut down that 
generation to meet the final downward ramp.

Flexible resources needed
To ensure reliability under changing grid conditions, the ISO needs resources with ramping flexibility  
and the ability to start and stop multiple times per day. To ensure supply and demand match at all times, 
controllable resources will need the flexibility to change output levels and start and stop as dictated by 
real-time grid conditions. Grid ramping conditions will vary through the year. The net load curve or duck 
chart in Figure 2 illustrates the steepening ramps expected during the spring. The duck chart shows the 
system requirement to supply an additional 13,000 MW, all within approximately three hours, to replace 
the electricity lost by solar power as the sun sets.

Oversupply mitigation
Oversupply is when all anticipated  
generation, including renewables,  
exceeds the real-time demand.  
The potential for this increases  
as more renewable energy is  
added to the grid but demand  
for electricity does not increase.  
This is a concern because if the  
market cannot automatically  
manage oversupply it can lead  
to overgeneration, which requires  
manual intervention of the market  
to maintain reliability. During  
oversupply times, wholesale prices  
can be very low and even go  
negative in which generators have 
to pay utilities to take the energy. But  
the market often remedies the oversupply situation and automatically works to restore the balance  
between supply and demand. In almost all cases, oversupply is a manageable condition but it is not  
a sustainable condition over time — and this drives the need for proactive policies and actions to  
avoid the situation. The duck curve in Figure 2 shows that oversupply is expected to occur during  
the middle of the day as well.

Because the ISO must continuously balance supply and demand, steps must be taken to mitigate  

Figure 2: The duck curve shows steep ramping needs and overgeneration risk

www.caiso.com   |   250 Outcropping Way, Folsom, CA 95630   |   916.351.4400 CommPR/2016
© 2016 California ISO

California Independent System Operator     3

Curtailed Power 

http://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf http://www.caiso.com/Documents/Wind_SolarReal-TimeDispatchCurtailmentReportMay05_2017.pdf 
Copyright Electrochaea GmbH 2017 
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Curtailment of Renewable Energy 
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From *http://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2016.shtml, Interchange transactions 
**http://www.caiso.com/informed/Pages/ManagingOversupply.aspx, Production and curtailment data May 1, 2014 – May 31, 2017 
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Curtailment Of Electricity  

PJM MISO NYISO Caiso TOTAL 

CURTAILMENT IN 2016 MWh 
PJM* MISO* NYSO* Caiso** TOTAL 

106,848 127,785 216 538,243 773,091 

Equivalent to 
90MW P2G 
Plant 
 
$85mio 
investment 
 
Producing 
~1,500,000 
MmBTU of 
renewable 
natural gas 
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Starting point 

CO2 + 4H2 ! CH4 + 2H2O + Heat 

gas sector heat sink 
Biogas 
Fermentation off-gas 
Oxycombustion flue-gas 
Industrial processes 
Other (landfill, atmospheric) 

4H2O + e- ! 4H2 + 2O2 + Heat 

oxygen sink 
Renewable power supply 

& grid balancing 
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System Design & Chemistry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

"  Water 
"  Low-cost or stranded electricity or H2 
"  CO2 from biogas, fermentation, or other 

sources 
"  Electrochaea’s proprietary biological catalyst 
 
"  Pipeline-grade methane for direct grid injection 
"  Oxygen for industrial or medical applications 
"  Heat for on-site use or district heating grids 

 

Electrolyzer 
(off-the-shelf) 

Heat 

Oxygen 

Power 

Water 

Hydrogen 

Bioreacto
r 

(proprietar
y) 

CO2/Biogas 

CH4 

Heat 

System Design 

Inputs 

Outputs 

Chemical Reactions: 
1) Electrolysis  4H2O ! 4H2 + 2O2 + Heat   η=0.80 
2) Methanation  CO2 + 4H2 ! CH4 + 2H2O + Heat η=0.75 

Net Reaction  CO2 + 2H2O ! CH4 + 2O2 + Heat η=0.60 
 

Chemistry & Biochemistry 

(21), and the heterotrimeric [FeFe]-hydrogenase from Thermotoga
maritima (20), catalyzing reactions 5, 6, and 7, respectively. The three
complexes have in common with the MvhADG/HdrABC complex
(catalyzing reaction 4) that they catalyzeFd-dependent reactions and
that they contain FAD (in the case of the [FeFe]-hydrogenase from
T. maritima, FMN) that is only loosely bound when in the reduced
form, resulting in a gradual loss of activity in the absence of added
FAD (FMN). In the Bcd/EtfAB complex FAD is the only prosthetic
group found. It is thus reasonable to assume that electron bifurcation
is flavin based and that therefore the FAD harboring subunit HdrA
is the site of electron bifurcation in theMvhADG/HdrABCcomplex.
Interesting in this respect is that HdrA is one of the most highly
conserved proteins in methanogens and that its presence is not re-
stricted to them, suggesting an electron bifurcating function within
another context in nonmethanogens (37):

2 NADHþ Fdox þ crotonyl-CoA → 2 NADþ þ Fdred2"

þ butyryl-CoA
[5]

NADHþ Fdred2" þ 2 NADPþ þHþ → NADþ þ Fdox
þ 2 NADPH [6]

NADHþ Fdred2" þ 3Hþ → 2H2 þNADþ þ Fdox: [7]

The proposed mechanism of flavin-based electron bifurcation is
based on the findings that flavoproteins (FP) can exhibit three

different redox potentials, namely an Eo′ for the FP/FPH2 couple
(n= 2), an Eo′ for the FP/FPH couple (n= 1), and an Eo′ for the
FPH/FPH2 couple (n = 1). Eo′ (FP/FPH) is generally more
positive and Eo′ (FPH/FPH2) more negative than Eo′ (FP/
FPH2). Oxidation of FPH2 by two one-electron acceptors with
different redox potentials thus leads to a bifurcation of the two
electrons in FPH2 (21).
The H2-threshold concentration of hydrogenotrophic metha-

nogens was confirmed to be somewhat <10 Pa, indicating that
methanogenesis from H2 and CO2 is coupled with the generation
of <1 mol ATP per mole methane, which is also indicated by the
relatively low growth yields (Table S1). The metabolic scheme
shown in Fig. 5 was drawn such that permolemethane 0.5mol ATP
is formed. It assumes that reaction 4 catalyzed by the MvhADG/
HdrABC complex is fully coupled (one Fd reduced per mole CoM-
S-S-CoB), that methyl group transfer from methyltetrahy-
dromethanopterin (CH3-H4MPT) to coenzyme M is associated
with the electrogenic translocation of 2 Na+, and that ATP syn-
thesis via the A1Ao-ATP synthase consumes four electrogenic so-
dium ions (2, 3). Fig. 5 does not take the recent evidence into
account that inMethanococcusmaripaludis theMvhADG/HdrABC
complex forms a supercomplex with the formylmethanofuran de-
hydrogenase complex (38) and that therefore the first and the last
step of methanogenesis from H2 and CO2 proceed in close prox-
imity which was already proposed 20 y ago in a review by Rouvier
and Wolfe (39).
One can make other assumptions, e.g., if in the scheme shown in

Fig. 5 the Na+/ATP stoichiometry was chosen to be 3 to 1 rather
than 4 to 1, then theATP gainwould be 0.75ATP, which would also
conform with the determined H2-threshold concentrations. Or, if
Fd reduction via the MvhADG/HdrABC complex is partially
uncoupled, then Fd has to be additionally reduced with H2 via the
energy-converting hydrogenase complexes EhaA-T or EhbA-Q so
that CO2 reduction tomethane can proceed. In this case the energy
required to drive the reverse electron transport fromH2 to Fd is no
longer available for ATP synthesis with the result that theATP gain
and thus the growth yield decrease.
Methanosarcina species show a much higher H2-threshold

concentration than hydrogenotrophic methanogens (Table S1),
indicating that methane formation from CO2 and H2 in these
methanogens is coupled with the generation of more than one
ATP. In Methanosarcina species Fd reduction with H2 is coupled
to CoM-S-S-CoB reduction with H2 mainly via a chemiosmotic
mechanism (for a scheme see ref. 2).

Materials and Methods
M. marburgensis (DSM 2133) was obtained from the Deutsche Sammlung
von Mikroorganismen (DSMZ). The Archaeon was grown anaerobically at
65 °C on 80% H2/20% CO2/0.1% H2S in a 2-L fermenter containing 1.5 L
completely mineral salt medium (32). The methods for the cultivation of the
other organisms and for the determination of the H2-threshold concen-
trations and of growth yields are described in SI Materials and Methods.

Purification of the MvhADG/HdrABC Complex from M. marburgensis. Purifica-
tion was performed under strictly anaerobic conditions at 4 °C except for the
chromatographic steps, which were performed at 18 °C in an anaerobic
chamber (Coy Laboratory Products). All buffers used contained 2 mM DTT,
2 mM CoM-SH, and 20 μM FAD. Cell extracts were routinely prepared from
15 g (wet mass) of M. marburgensis cells that had been freshly harvested
under anoxic conditions. The cells were suspended in ∼30 mL 50 mM Tris/HCl,
pH 7.6 (buffer A), and passed three times through a French pressure cell at
150 MPa. Cell debris was removed by centrifugation at 160,000 × g for 30
min. The supernatant (35 mL), designated cell extract and containing ∼800
mg protein, was applied to a DEAE-Sepharose fast flow column (2.6 × 16 cm)
equilibrated with buffer A. Protein was eluted by a NaCl step gradient in
buffer A: 100 mL 0 M NaCl, 100 mL 0.2 M NaCI, 100 mL 0.3 M NaCl, and
100 mL 0.4 M NaCl (flow rate: 5 mL/min). H2: CoM-S-S-CoB oxidoreductase
activity (measured as described in the legend to Table 1) eluted in the last
peak. The fractions with the highest activities (∼40 mL) were applied to a Hi-
Load Q-Sepharose column (2.6 × 16 cm), equilibrated with buffer A. Protein

Fig. 5. Reactions, coenzymes, and enzymes involved in CO2 reductionwith 4 H2

to CH4 in M. marburgensis. Reduced ferredoxin (Fd), which is required for CO2

reduction to formylmethanofuran (CHO-MFR), is regenerated in the MvhADG/
HdrABC catalyzed reaction. If the latter is not completely coupled, then less re-
duced Fd is regenerated than required. In this case the energy-converting
hydrogenases (EhaA-T and/or EhbA-Q) that catalyze the sodium motive force-
driven Fd reductionwith H2 are proposed to step in. Eha and Ehbmainly have an
anabolic function in providing the reduced Fd required for the reduction of CO2

to CO and of acetyl-CoA + CO2 to pyruvate. InM.marburgensis there are several
ferredoxins that are considered to form a pool into which electrons are fed and
from which electrons can be taken out (Discussion) (9). MFR, methanofuran;
H4MPT, tetrahydromethanopterin; CH≡H4MPT+, methenyl-H4MPT+; CH2 =
H4MPT, methylene-H4MPT; CH3-H4MPT, methyl-H4MPT; MtrA-H, methyl trans-
ferase; FwdA-DFGH/FwdAFmdBCE, formyl-methanofuran dehydrogenase;
AhaA-IK, A1A0 ATP synthase.

Kaster et al. PNAS | February 15, 2011 | vol. 108 | no. 7 | 2985

M
IC
R
O
BI
O
LO

G
Y

Copyright Electrochaea GmbH 2017 

Kaster etal. 2011: www.pnas.org/cgi/doi/10.1073/pnas.1016761108  



www.electrochaea.com 

Proprietary Electrochaea Biocatalyst 

Electrochaea is using an 
optimized strain of 
methanogenic archaea (not 
genetically modified) to 
perform methanation at very 
high efficiency under 
industrial conditions 

•  Archaea are 3.5 billion year old single-celled organisms 
•  Identified only 30 years ago by pioneers Prof Carl Woese (Illinois) and  

Prof Karl Stetter (Regensburg) 
•  Specialized and self-contained „tiny manufacturing cells“ 
•  „Archaeal diet“: CO2 and H2 (the only carbon and energy source needed) 
•  Make a single high energy product: „biomethane“ 
 

10  Copyright Electrochaea GmbH 2017 
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CH4 
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H2 

H2 

H2 

H2 
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1 enzyme complex 

Peak measured productivity*: 
Current productivity: 

 

*assuming that vvd=800VolCH4/VolBioreactor/Day at a dry weight of 10g/L can be reached 

1 cell 
5.5x1014 

cells 
1.83x1018 

cells 

8.3x10-14 Nm3/hour  
nd 

0.045 Nm3/hour 
0.007 Nm3/hour 

152 Nm3/hour  
31 Nm3/hour 

1 single cell 1.5L bioreactor 3500L bioreactor 

BioCatalyst System Productivity 

Copyright Electrochaea GmbH 2017 
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Properties of Biological System 
Conversion Rates & Volumetric Productivity 
"  Microbes display very high volumetric productivity and are not rate-limiting 
"  Conversion rate is significantly faster than in other bioenergy systems 

•  Conversion rate is measured by 
volume of methane produced per 
volume of culture per day (“vvd”) 

•  Goal is to achieve vvd of 500 
with 98% CO2-to-CH4 mass 
conversion efficiency at gas 
stoichiometry of 4/1 (H2/CO2) 
•  To date in lab, vvd of 40 with 

conversion rate of ~100% and 
a vvd of >800 with a 
conversion rate of 55%  

•  ! Microbes are not rate-
limiting 

L Mets  U Chicago 2009  
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Hydrogen mass transfer is limiting 
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Electrochaea Lab - Conversion rates versus stirring speed  (mixing energy) 

Gas conversion  Methane vvd Methane production  

*Methanothermobacter strain developed by L Mets, U Chicago 
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Unique features of Electrochaea Technology 

*Methanothermobacter strain developed by L Mets, U Chicago 
**VVD = volumes of gas per volume of reactor per day (24-hr) 

Unique Biocatalyst 
•  Patented strain* 
•  Optimized methane 

productivity (20 x incease) 
•  Outstanding robustness 
•  Fast start/stop cycles 
•  Self-sustained 

 
Scalable Bioreactor 
•  Mild operating conditions 
•  Optimized and proprietary 

design 
•  Broad range of applications 
 

Efficient 98.6% of carbon from CO2 converted into methane 

Productive VVD** of 800, H2 mass-transfer limited 

Responsive Quick return to methane production – ideal for intermittent duty cycles and load following 

Selective 100% methane, no intermediates in gas product 

Robust Self-maintaining and tolerant to oxygen, H2S, CO, Sulfate, Ammonia, particulates 

Simple Moderate temperature range (60-65°C) 

14 Copyright Electrochaea GmbH 2017 
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In Dr. Mets’ laboratory at the 
University of Chicago, USA 

Biocatalytic capability test with raw biogas 

Process demonstration in a 5m³ stirred tank bioreactor 
using raw biogas, Foulum (DK) 

Preparing for market entry with a commercial-scale 
demonstration unit, using an optimized reactor, Avedøre (DK) 

   Power  
Input 

n/a 

1 kW 

50 kW 

1 MW 
Commercial-Scale Field Trial 

Pre-Commercial Field Trial  

Lab-Scale Field Trial  

Basic Research 

From Benchtop to MW Scale 

2006 - 2010 

 2011 - 2012 

 2013 

Building phase: 2014 – 2016 
Operation: since 04/2016 
Financed until: 12/2018 

Copyright Electrochaea GmbH 2017 
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Electrochaea‘s BioCat Methanation System Design 

16 Copyright Electrochaea GmbH 2017 
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 Operational schedules and programs:  
•  14 months of intermittent operation with scheduled campaigns 
•  Typically 6-12 hrs of operation 5 days per week  
•  Continuous operations campaigns for ~500hrs with >94% plant availability 
•  Total operational hours ~ 3000hrs 

  
Grid quality product gas:  
•  97-98.5% CH4 
•  0.2-1% CO2 
•  1-2% H2 

 
Operating conditions:  
•  8 bar pressure 
•  62°C 
•  55-70 Nm3/hr biogas (37% CO2, 63% CH4) 
•  80-105 Nm3/hr H2   

Successful Commissioning and Operation of BioCat 

Copyright Electrochaea GmbH 2017 
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Measurement Required value for Grid Injection Average product gas 
BioCat  

CO2 mole % (Carbon dioxide) Max. 3,0  1  

Methane mole % Min. 97 97 

H2S  (Hydrogen Sulfide) mg/ mn
3 Max. 5  0 

Hydrogen % vol. Max. 2 2 

Grid gas quality  
 

CH4 production: 777 Nm³ CH4/ day 

Stable Gas Quality  

Biocat performance data Copyright Electrochaea GmbH 2017 



Morphological differences of biocatalyst cultures – 
Raster Electron Microscopy – LMU, Prof Andreas Klingl 

BioCat culture Lab reactor culture 

Copyright Electrochaea GmbH 2017 
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Achieving Grid Scale Production 

2006 - 2010 

 2011 - 2012 

1 MW BioCat Plant in Avedøre (DK) 

200 Nm3/h H2 

50 Nm3/h CO2 
(from Biogas) 

1 MW electrical 
power  

Heat 
320 kW 

Biomethane      
50 Nm3/h 

BioCat 
Biological methanation 
system in megawatt scale 

•  Conversion of excess renewable power into biomethane 
•  Proprietary Bio-Catalyst (4 patents), in-house system design & operation 
•  Competitive advantage: dynamic operation, high tolerance to impurities 
•  Scaling: to 10 MW and 50 MW systems and in worldwide markets 

20 

grid 

Copyright Electrochaea GmbH 2017 
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Capabilities of a 50 MW BioCat System 

21 

Storing 400 GWh/a of 
electrical energy*  

More than 125,000 
households consumption 
per year 

Achieving a CO2 
sequestration of 
37,000 tons/a* 

Emissions of ~20,000  
cars per year 

Future 50 MW 
plant 

*assumptions:  
•  Heat and electricity for one year 3,200 kWh in a household with 4 person in Germany (2013) 
•  132.6 gr/km emission per car and 14,000 km driving average km per year in Germany (2014) 
•  8,000 h/a of operation, electrolysis included 

BioCat 1 MW 
plant 

Strong Impact of a 50 MW BioCat System 

Future 10 MW 
plant 

 Copyright Electrochaea GmbH 2017 
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Levelized Cost Of Delivered Electricity (LCODE) 

22 
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Lifecycle Cost Analysis of Different Bulk Power Storage Solutions 
(Levelized Cost of Delivered Electricity at $34.5/MWh Power Price) 

Annualized capital cost Total annual replamcent cost Total annual fixed O&M cost Variable O&M cost Electricity cost Est. non-fuel LCOE of CCGT 

Own elaboration, from [1] L A Z A R D ’ S L E V E L I Z E D C O S T O F S T O R A G E — V E R S I ON 2 . 0,  
[2] Schoenung (2011), Energy Storage Systems Cost Update - A study for the DOE Energy Storage Systems Program, SANDIA REPORT (SAND2011-2730), April 2011  
[3] Electrochaea’sassumptions 
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California Biomethane Market 

23 

Electrochaea’s goal for CA transportation 
biomethane is 1.4TWh (10% of transport gas market) 

California Gas Consumption TWh CA Gas for Transportation TWh 

Biomethane Market 10% TWh 

932.5 TWh 
 98% 
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California Transportation Gas Consumption is 
<2% of Total CA Gas Consumption* 

CA Gas for Transportation TWh California Gas Consumption TWh 

14.03 TWh 
 1.4% 

 

1.4 TWh 
0.15% 

 

*Adapted from the EIA https://www.eia.gov/outlooks/aeo/data/browser/#/?id=2-AEO2017&region=1-9&cases=ref2017~ref_no_cpp&start=2015&end=2050&f=A&linechart=ref2017-d120816a.3-2-AEO2017.1-9~ref_no_cpp-d120816a.3-2-AEO2017.1-9~ref2017-d120816a.80-2-
AEO2017.1-9~ref_no_cpp-d120816a.80-2-AEO2017.1-9&map=ref_no_cpp-d120816a.3-2-AEO2017.1-9&sid=ref2017-d120816a.65-2-AEO2017.1-9~ref_no_cpp-d120816a.65-2-AEO2017.1-9&sourcekey=0   

WWTP 2.2 TWh 

Dairy 4.2 TWh 

MSW 4.5 TWh 

Landfill Gas 14.5 TWh 

Biomethane Production Potential** 

Sector** Price Supplement       
$/MWh (LCFS + RINs) 

WWTP (waste water treatment plant) $105 

Dairy  $232 

MSW   (municipal solid waste) $122 

Landfill $92 

Average Price $138 

Natural Gas Price ~ $10 MWh 

**Adapted from the Air Resource Board California https://www.arb.ca.gov/research/apr/past/13-307.pdf   Copyright Electrochaea GmbH 2017 
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Second Generation with Improved Efficiency 

Power-to-RNG Efficiency 
System Design 1.0 
▪  58% (RNG Only) 
▪  78% (RNG + Heat) 

Electrolyzer 

BioReactor 
CO2 CH4 

Heat 

Oxygen 

Hydrogen 

Power 

Water 

Heat 

Hydrogen 

System Design 1.0 System Design 2.0 

Integrated 
Bioelectrochemical 

Reactor 

CO2 
Power 
Water 

CH4 
Heat 

Oxygen 

Rationale: higher efficiency, lower capital cost 
Status: lab-scale proof of concept 

System Design 2.0 
▪  67% (RNG Only) 
▪  84% (RNG + Heat) 

Copyright Electrochaea GmbH 2017 
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Electrobiological Methanogenesis 

Net equation: CO2 + 2 H2O # CH4 + 2 O2 

 
Cathode: CO2 + 8e- + 8 H+ # CH4 + 2 H2O 
PEM: ------------------------------------------------- 

Anode: 4 H2O # 8 H+ + 8e- + 2 O2 

 
Biological Cathode Catalyst: 60-90°C; carrier-mediated or direct 

electron transfer 

25 Copyright Electrochaea GmbH 2017 
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Integrated System with BioCathode 

(Water) 
4 H2O 

2 O2 
(Oxygen)  

CO2 
(Carbon 
Dioxide) 

CH4 + 2H2O 
(Methane and 

Water) 

Electrical 
Power Anode  

Water Oxidation 
BioCathode 

Carbon Dioxide 
Reduction 
to Methane  

8e- 

Methanogenic Archaea Proton 
Exchange 
Membrane  

8H+ 

(Protons) 
8H+ 

(Protons) 

26  Copyright Electrochaea GmbH 2017 
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What’s next? 

•  First Grid Scale Project ‘events’ to demonstrate scalability, flexibility and 
reliability to incumbents 

•  Regulatory changes to make power for storage available at marginal 
cost of production to induce capital to fund energy storage at grid scale 

•  Next generation innovations – bioelectrochemical cells for scalability 
and cost-down,ong term cavern replenishment with renewable CH4, 
colocation and integration with WWTP, MSW, fermentation industries to 
close carbon cycle 

•  Sector coupling (power, heat, gas, transportation) for system efficiency 
gains 
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Partners and Investors 
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82152 Planegg, Germany 
www.electrochaea.com 
 
Mich Hein, PhD, CEO 
mich.hein@electrochaea.com 
 
Markus Forstmeier, PhD, VP BD 
markus.forstmeier@electrochaea.com 
 
Doris Hafenbradl, PhD, CTO 
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Bronze medalist 2016 in early 
stage start-up category 
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