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Power -to-Gas: System Overview
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SourceAdapted from ZSWErneuerbaresMethan ausOkostrom April 2012
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Power -to-Gas: Technology Overview

Step 1 (Electrolysis) 4H,0 A 4H, + 2Q + Heat Outputs:
A Biomethane

Step 2 (Methanation) CQ + 44 A CH + 2H,0 + Heat A Oxygor
Net Reaction CQ +2H0 A CH + 20, + Heat “ alika

Inputs:
A Water :
A Electricity System Design
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Powerto-Gas Efficiency of piPlant
78%(incl. heat recovery)
58% (excl. heat recovery)
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A Methanogenic archaea, a singgelled microorganism
A Anaerobicextremeophiles

A Selectively evolved, not genetically modified
Oxygen tolerance
Mass conversion efficiency
Reaction kinetics

Efficient 98.6% of carbon goes into product Energy to product, not biomass
Robust Tolerance to oxygem,S, and particulates Nofeedstock gas treatment required
Productive Demonstratedvolumetric productivity of >850 VVD Small spatial footprint

Scalable Hundredsof kilowatts to multiple megawatts Broadscope of operations
Responsive Quickly return to full activity aftedormancy Ability to ramp system up and down
Selective 100% methaneno intermediates No product polishingequired

Simple Moderate temperature rang€60-65°C) Lowengineering complexity
Flexible Indifferentabout the source of carbon dioxide Broadscope of operations
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The Need for Storage in the UK

Overcapacity & Curtailment

Decarbonisatiomf powerA build out of wind energy (23 GV grid balancing challenges

Overcapacity and Excess Supply Curtailment

lllustrative Baseload LowCarbon Capacity and Demand
Net of Wind Without Additional Flexibility (2030)

REUTERS = w =
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UK paid £13 million to turn off wind farms in
2011

GW of demand net of intermittent generation

Baseload low-carbon E0Empfehlen B Empfieh dies deinen Freunden,

capacity

Demand net of LONDOM | Wed Jan 25, 2012 4:10pm GMT

intermittent generation o . . 3 Tweet | 10
(Reuters) - Electricity network operator National Grid

. e . Link thi

paid 12.8 million pounds to wind farm operators last G nk s
year to compensate them for switching off their share this
turbines when the grid was overloaded during stormy & vi
days, data showed Wednesday. ] Email

The highest sum paid on a single day last year was 1.7 million pounds as (& print

SourcesCCCThe Fourth Climate Budg@&gec 2010; Reuters, www.reuters.com, Jan 20
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Technology Options for Bulk Energy Storage

Pumped Hydro Potential inthe UK: ¢ G¢2RI&x 2yt eé

carriers such as hydrogen an
synthetic natural gas are
viable technological options
for the long-term storage of
electricity from renewable
d2dz2NOSa Ay DS
¢ German Energy Agency, 2011

AEngland & Wales: max. 14088 MW |
AScotland: max. 2.6 GW

N
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Batteries Hour systemis independentof
fossil fuels,up to 80% ofthe
power will comefrom wind
turbines. Power generation
will fluctuate according to
the wind speeds.
Consequentlyrenewable gas
will play a significantole as
- ‘ a buffer in the energy
K |I|i1 X ‘rvlhl I‘v'-'—l ’ I-“s‘x‘}'» I ! I-‘-l-‘" ‘ ) ,"v")_; | ‘,"1.. n ) ~l‘1‘.'| " ‘,"qln n I ”\‘.'7 | : “yl,": ‘1 ) 1 ‘,"‘. n Systerrm é
¢ Energinet.dk, 2011

Discharge Time (H) s——

SourceAdapted from EPRElectricity Energy Storage Technology Optiaf&0

& Electrochaea 7



Anatomy of Power -to-Gas
Unique Properties

et Ao DI a AYFNI a0 NUzZOGdzNBE Aa ySOSN aFdA € @&
SUETCQERITEICII UK has 280,000 km of gas pipelines
Unlimited Storage : .
No seltdischarge; enables seasonal storage
Dissociation of : : ,
Charging/Discharging In terms of time, location, power rating
el ==loyAl Alleviating power grid bottlenecks,
Transmission deferring investment in power grid
Gas prices much less volatile than electricity priCESE=EYs [ {e=1s Bz 0

complementarity of P2G and C Volatility

15/30 years, little dependence on cycling patt

OK I N

Use of gas for power production, transportation, heat production, or indu SBEEINRAYEEE (11
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Anatomy of Power -to-Gas

Fit with the United Kingdom (1)

Seasonal Storageshift winter windto
summer months

GeographicTransmission:

shift northern windto
southern demand

at 25 m above ground level
(meter/second)

Source: UK Wind Speed Database/BERR
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Coincides with times of low
natural gas stocks in UK
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Fig. 3. Monthly wind power availability (averaged over 34 years of wind speed data).
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Anatomy of Power -to-Gas
Fit with the United Kingdom (2)

GHGemissions reductiondecarbonize Energy independencalleviate production
industry, heat sector, and transportation decline in UKCS
Figura 5.18: Medium Abatemant scenario in industry (2008, 2020 and 2030) 120 Energy Crunch Scenario
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A Industry could account for almost all of total allowed UK A UKC$9as reserves argeclining: morethan half of the gas

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

ENLNG MEBEL MNIUE MEENorway BEEUKCS ssApAnnualdemand Totalimports

emissions by 2050 consurrled i§ i[nported fro[n Norway, Continent, aAnd\LNG o
A Decarbonisation of industry is very difficult AGecKS RSOfAYS Ay | YWX@2 Sk 8\5E
A CCS and biomass cited as only options for decreasing .NAGFAY oD. 0 (G2 | cQbeyhaS 2F |

emissions beyond 2030

Source:Committee on Climate Change (§@Zgem
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Anatomy of Power -to-Gas
Fit with the United Kingdom (3)

Natural Gas in the UK

A Dense network of pipelines
spanning 280,00@m

A Most houses set up to be heated
with gas, allowing efficiency of
gas end use of 800%

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

SourcesNationalGrid, The Potentiafor RenewableGas irnthe UK, Jan 2009GreenGas GridsQverview of Biomethanklarkets,March 2012
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