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About Electrochaea  

Founded September 2010 as spin-off from University of Chicago 
 

Mission Develop biological methanation technology for grid-scale energy 
ǎǘƻǊŀƎŜ όάǇƻǿŜǊ-to-Ǝŀǎέύ 

 

Partners Universities, public agencies, grid operators, utilities, gas distributors, 
technology developers, engineering firms 
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Power -to-Gas: System Overview 

Source: Adapted from ZSW, Erneuerbares Methan aus Ökostrom, April 2012 
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CO2 Sources: 
Á Biogas 
Á Fermentation off-gas 
Á Biomass 
Á Industrial processes 
ÁOther (landfill, atmospheric) 

9ƭŜŎǘǊƻŎƘŀŜŀΩǎ tƻǿŜǊ-to-Gas System 
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Power -to-Gas: Technology Overview 

Step 2 (Methanation) CO2  +  4H2  Ą  CH4  +  2H2O  +  Heat 

Step 1 (Electrolysis) 4H2O  Ą  4H2  +  2O2  +  Heat 

Net Reaction CO2  +  2H2O  Ą  CH4  +  2O2  +  Heat 

Biogas/CO2 CH4 
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System Design 

Bioreactor 
(proprietary) 

Electrolyzer 
(off-the-shelf) 

Power-to-Gas Efficiency of nth Plant 
 78% (incl. heat recovery)  

 58% (excl. heat recovery) 

Inputs: 
ÁWater 
ÁElectricity 
ÁCO2 

ÁCatalyst 

Outputs: 
ÁBiomethane 
ÁOxygen 
ÁHeat 
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%ÌÅÃÔÒÏÃÈÁÅÁȭÓ "ÉÏÃÁÔÁÌÙÓÔ 

Property Description Implication 

Efficient 98.6% of carbon goes into product Energy to product, not biomass 

Robust Tolerance to oxygen, H2S, and particulates No feedstock gas treatment required 

Productive Demonstrated volumetric productivity of >850 VVD Small spatial footprint 

Scalable Hundreds of kilowatts to multiple megawatts Broad scope of operations 

Responsive Quickly return to full activity after dormancy Ability to ramp system up and down 

Selective 100% methane, no intermediates No product polishing required 

Simple Moderate temperature range (60-65°C) Low engineering complexity 

Flexible Indifferent about the source of carbon dioxide Broad scope of operations 

ÁMethanogenic archaea, a single-celled microorganism 

ÁAnaerobic extremeophiles 

ÁSelectively evolved, not genetically modified 
Oxygen tolerance 

Mass conversion efficiency 

Reaction kinetics 
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The Need for Storage in the UK 
Overcapacity & Curtailment  

Sources: CCC, The Fourth Climate Budget, Dec 2010; Reuters, www.reuters.com, Jan 2012 

Decarbonisation of power Ą build out of wind energy (23 GW) Ą grid balancing challenges 

Illustrative Baseload Low-Carbon Capacity and Demand 
Net of Wind Without Additional Flexibility (2030) 

Overcapacity and Excess Supply Curtailment 
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Source: Adapted from EPRI, Electricity Energy Storage Technology Options, 2010 

Technology Options for Bulk Energy Storage  

ά¢ƻŘŀȅΣ ƻƴƭȅ ŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ 
carriers such as hydrogen and 
synthetic natural gas are 
viable technological options 
for the long-term storage of 
electricity from renewable 
ǎƻǳǊŎŜǎ ƛƴ DŜǊƳŀƴȅΦέ 
ς German Energy Agency, 2011 

 
 
ά²ƘŜƴ ǘƘŜ Danish energy 
system is independent of 
fossil fuels, up to 80% of the 
power will come from wind 
turbines. Power generation 
will fluctuate according to 
the wind speeds. 
Consequently, renewable gas 
will play a significant role as 
a buffer in the energy 
systemΦέ  
ς Energinet.dk, 2011 

Pumped Hydro Potential in the UK: 
ÅEngland & Wales: max. 146-248  MW 
ÅScotland: max. 2.6 GW 
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Anatomy of Power -to-Gas 
Unique Properties  

Practically Unlimited 
Charging Duration 

Unlimited Storage 
Duration 

Dissociation of 
Charging/Discharging 

Geographic Energy 
Transmission 

Reduced Revenue 
Volatility 

Greater Longevity 

Flexibility & Versatility 

Dŀǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƴŜǾŜǊ άŦǳƭƭȅ ŎƘŀǊƎŜŘέΤ 
UK has 280,000 km of gas pipelines 

No self-discharge; enables seasonal storage 

In terms of time, location, power rating 

Alleviating power grid bottlenecks, 
deferring investment in power grid 

Gas prices much less volatile than electricity prices; 
complementarity of P2G and CHP 

15/30 years, little dependence on cycling pattern 

Use of gas for power production, transportation, heat production, or industry 
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Seasonal Storage: shift winter wind to 
summer months 

Geographic Transmission: 
shift northern wind to 
southern demand 

Anatomy of Power -to-Gas 
Fit with the United Kingdom (1)  

Source: Sinden (in press), National Grid, DECC 

Coincides with times of low 
natural gas stocks in UK 
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GHG emissions reduction: decarbonize 
industry, heat sector, and transportation 

Energy independence: alleviate production 
decline in UKCS 

Anatomy of Power -to-Gas 
Fit with the United Kingdom (2)  

Source: Committee on Climate Change (CCC), Ofgem 

Á Industry could account for almost all of total allowed UK 
emissions by 2050 

ÁDecarbonisation of industry is very difficult 
ÁCCS and biomass cited as only options for decreasing 

emissions beyond 2030 

ÁUKCS gas reserves are declining: more than half of the gas 
consumed is imported from Norway, Continent, and LNG 

Áά¢ƘŜ ŘŜŎƭƛƴŜ ƛƴ ¦Y ŎƻƴǘƛƴŜƴǘŀƭ ǇǊƻŘǳŎǘƛƻƴ ώΧϐ ŜȄǇƻǎŜǎ Great 
.Ǌƛǘŀƛƴ όD.ύ ǘƻ ŀ ǊŀƴƎŜ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ǊƛǎƪǎΦέ ς Ofgem 
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Anatomy of Power -to-Gas 
Fit with the United Kingdom (3)  

Sources: National Grid, The Potential for Renewable Gas in the UK, Jan 2009; Green Gas Grids, Overview of Biomethane Markets, March 2012 
 

Natural Gas in the UK 

ÁDense network of pipelines 
spanning 280,000 km  

ÁMost houses set up to be heated 
with gas, allowing efficiency of 
gas end use of 80-90% 

ÁUK government regards 
biomethane as key solution to 
achieving renewable target of 
15% of total energy 
consumption 


