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Company Positioning

Energy Storage | Clean Fuel

Energy Storage | Clean Fuel
Essential Technology & Systems

*  Harnessing Renewable Energy

*  Producing Green Hydrogen

*  Regeneration of Power
* A Zero Carbon Footprint Fuel
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Here's the problem: renewable energy such as wind and * You can produce your own fuel

salar are unpredicable and need storage technology 10 B« When you produce Green Hydrogen the caly

fully utilised. How do you store electricty for long periods by-product Is oxygen
of time! The answer is Hydrogen produced by electrolysis
enabling you to

When you buen it no carbon in means no carbon out

Once you've pald for the equipment your ongoing fuel

* Use your rerewable power whenever you need it &% Kok

* Keep the lights ‘on’' during a power cut
* Replace your electricity and matural gas supply Abaut ITM Pawe
ITM has systems design and integration expertise covenng

Green hydrogen ks produced In an electrolyser by the peoduction, stoeage, compression and dispensing of
splitting water using renewable energy. It therefore has high pressure gaseous hydrogen. To find out more visic
» zero carbon footprint. AR other fuels produce carkon our website: www.itm-power.com

somewhere in the supply chain,
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The Case for Energy Storage
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Company Positioning

Energy Storage | Clean Fuel

Energy Storage

Production and Consumption are dynamically coupled

e Sub second response

*  Energy storage today is from the inertia in bid rotating plant
e Intermittent renewable power makes the situation worse

e Energy storage is key

Steam flow 1

»

Steam flow 2 b Light
B Heat
b Force etc.

production -—+— network | —*— | consumption

Atanytime: ZP , =ZP .4
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UK Electricity Demand (*) ITM POVVER

Energy Storage | Clean Fuel

Demand varies daily, weekly, seasonally:

*  Winter peak is 60 GW
. Base load plant 70000 -

. Mid merit plant

60000 -
. Peaking plant
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UK Load Duration Curve Q ) LTQSPQ\C/.VER

Plant utilisation over time:

*  Huge utilisation of inefficient plant

e 40% fully utilised

* of Peak Demand

Base load

0% 10% 20% 30% 40% 50% B60% 70% 80% 0% 100%
% of Time

Data from National Grid
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Shifting the peaks to fill the troughs:

e Turns mid merit in base load 70000 -

. Reduces the need for peaking

) 60000 - - \
. Increases system efficiency

50000 -

. Day night arbitrage!
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Bulk Commodity Storage

Shifting the peaks to fill the troughs:

. Turns mid merit in base load

. Reduces the need for peaking
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Energy Storage | Clean Fuel

. Increases system efficiency

. Day night arbitrage!
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Source: BMRS website
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The Balancing Mechanism Reporting System (BMRS)

The BMRS website provides near real time and historic data about the Balancing Mechanism which is used by the National
Grid (System Operator) as a means of balancing power flows on to and off the electricity Transmission System in the UK.
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UK Electricity Demand 6) ITM POWER
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Adding Intermittent Power:

. Need take or break decisions

*  Undermines Base load 70000 -
*  Increased need for spinning reserve

_ 60000 -
e Pushes you back down merit order
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UK Generation Q ) LTQSPQXVER.

Proposed emission reductions per UK sector
Greenhouse Gas emissions (MtCOze)

@

50

CO, targets to be met by power & heavy industry:
. 6% reduction in GG emissions by 2020 o |

, —
. 31% renewable generation by 2020 \

e This cannot be achieved without energy storage!

500

450

uK ElECtriCit'f' Generatinn 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Years

Power and heavy industry — Workplace and jobs
ZD D'B Z'DZ'D — Transport = Farming, land and waste
Homes and communities

SOURCE: DECC

45%
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The UK Low Carbon
Transition Plan
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SOURCE: DECC
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Renewable Energy Management

Energy Storage | Clean Fuel

Wind Energy: The UK

A plentiful resource?

e BestWind resources in Europe

e Entering Phase Three of construction in UK

*  Onshore capacity factor 30%, offshore 40%

orsswoResmes |
L
&
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Renewable Energy Management

Wind Energy: The Case for Denmark
Study by CEPOS Sept 2009

e 20% of its generating capacity is wind
¢ Only 5% of demand is met by wind

*  Negative electricity prices

*  50% is exported

*  Sweden and Norway used as energy storage
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Storing Renewable Energy
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Supply Chain Logistics

Adding energy storage to the logistics:
*  Five elements are dynamically balanced

*  Adding energy storage would lead to:

*  New business models
*  New service strategies

*  New pricing structures

Bulk Energy Storage

Generation m Distribution Custqmer
Services

Distributed Energy Storage
Demand Side Management
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Summary:

Energy Storage | Clean Fuel

Energy storage offers:
*  Improve operational efficiency
* Integrate intermittent renewables

e Support base load nuclear

Join the dots between power & energy

Decarbonisation

However:
*  Many technologies are unproven
*  Cost targets are difficult to define

*  Engineering scale poses a technology risk

Sector Export:

e Ready to implement

*  Addresses the needs of both the power and transport industries
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Sector Export




Power Sector Export (*) ITM POVVER

Energy Storage | Clean Fuel

Dumping power to high value applications

Supply/Demand mismatch can be alleviated by exporting power
*  Power in | Power Out (Conventional Energy Storage)

*  Power in | Fuel Out (Sector Export Energy Storage)

\i i i i Large high-efficiency station
P S
S :

275 or 400 kV supergrid

e
<—§§—’
S

Loads

i Substation

T

K
b ’I‘ T Substation 132 kV
|

Low efficiency or local generation
Loads

Distribution network voltage 33, 11 or 6.6 kV
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Power Sector Export

Dumping power to high value applications
Supply/Demand mismatch can be alleviated by exporting power
e  Fuel is a huge sector
¢ Needs decarbonising
*  Improve air quality

*  Reduce dependence on fossil fuels
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Power Sector Export

Energy Storage | Clean Fuel

World CHG Emissions Flow Chart

Sector End Use/Activity
e
\

\

Road 99%
13.5%

Datorestation
Affcrestation
Rolorestation
Hanseaanagem ant
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Hydrogen Refuelling | Market Developments

Energy Storage | Clean Fuel

Oil Prices
Oil and gasoline prices are steadily rising
e Crude oil approaching $120 a barrel

e The age of cheap oil is over

Daily Europe Brent Spot Price FOB

140

8 B
| |
.‘“.:".

Dollars per Barrel
(o]
o
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20 M
0 y y v T r
1990 1995 2000 2005 2010
Source: §i. . ' THOMSON REUTERS

eia U.S. Energy Information Administration
Independent Statistics and Analysis
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Energy Storage | Clean Fuel

Hydrogen Refuelling | Market Developments

UK Pump Prices
Price of petrol and diesel now a national issue

e Petrol £1.30 per litre

e Trend indicates £1.45 per litre by end 201 |

Forecastto end of 2011
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Hydrogen Refuelling | Green Hydrogen

What's the Solution?

Hydrogen made from renewable power

*  Replaces a revenue cost with a capital item
e Reduces the need for fossil fuels

e Decarbonises transport

*  Improves air quality

* A demand side managed load
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Hydrogen Fuel Cell Electric Vehicles

Hybrid EV

EV and Hydrogen Cars

Hydrogen vehicles are EV’s but with some
significant advantages:

Regenerative Braking

Gas
E85
E100
Diesel
Bio-

¢ Refuelling time (3mins)

Front

Battery Pack
*  Range of over 400 miles

e
o
=
o
=
o
bl
T
]
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*  Well to wheel efficiency

*  Grid demand side management

Hydrogen Vehicle

Regenerative
l Braking

Hydrogen

Front
Fuel Cell K

»
[
o
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Hydrogen Fuel Cell Electric Vehicles
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Well to Wheel Emissions

DokE analysis agrees with the major car companies

*  Hydrogen from centralised wind
e On site hydrogen even better

*  “Atriple zero fuel”

U.5. DEPARTMENT OF

JENERGY
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Well-to-Wheels Greenhouse Gas Emissions
(direct emissions, based on the expected state of the technologies in 2020)

GaSOIInE=..--..- 5¢G E‘I.--.

Conventional ol
Natural Gas v Gasoling
Vehicles venici

Gasoline 250

Dilesel

Corn Ethanol — EB5

Cellulosic Ethanol — E85

Gasollne
Celluloslc Ethanol — EB5

H, from Distributed Natural Gas

H, from Coal w/Sequestration

H, from Blomass Gaslfication

H, from Nuclear High-Temp Electrolysis

H, from Central Wind Electrolysis Eiy

Hybrid
Electric
Vehicles

Plug-in Hybrid
Electric Vehicles

{d0-mile all-electric range)

Fuel Cell
Vehicles

T |
100 200

| T
300 400

Grams of COzequivalent per mile

*Net emissions from these pathways will be substantially lower if these figures are adjusted to include:
= The displacement of emissions from grid power—generation that will occur when surplus electricity is co-produced with cellulosic ethanol
= The displacement of emissions from grid power—generation that may occur if electricity is co-produced with hydrogen in the biomass and

coal pathways, and if surplus wind power is generated in the wind-to-hydrogen pathway
= Carbon dioxide seqguestration in the biomass-to-hydrogen process
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Energy Storage | Clean Fuel

Japan, US & Germany Adopt Hydrogen
Toyota, Honda and Nissan join forces to promote hydrogen

¢ Total of 100 hydrogen refuelling stations planned in Japan
* 1000 refuelling stations in Germany in 4yrs ($2.6bn)

* 150 planned in California (30 already built)
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Energy Storage | Clean Fuel

The Clean Fuel Conundrum

A chicken and egg type situation

e The vehicles need somewhere to refuel for large scale deployment

e The infrastructure is expensive and needs customers for the business case

*  Vehicle and refuelling infrastructure technologies need to be compatible
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Energy Storage | Clean Fuel

Breaking the Chicken and Egg

Some joined up thinking is required

e The vehicles need somewhere to refuel for large scale deployment

e The infrastructure is expensive and needs customers for the business case

*  Vehicle and refuelling infrastructure technologies need to be compatible

DAIMLER ~——EnBW ™HE J:o(lzaouv

HONDA. renvault Nissan  TOYOTA

pAaIMLER €2 [ © @@

DAIMLER EnBW L

THE LINDE GROUP

oMV

QUY  arrenrawL o P NOW
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Hydrogen Fuel Cell Electric Vehicles

Energy Storage | Clean Fuel

Hydrogen Vehicles

Serious traction envisaged around 2015

+ Air quality may drive early adoption mmmmm ) 2018 2 2020 2

*  Commercial fleet early adoption Daimler 1000/yr 10,000/yr 100,000/yr
° Return to base r-efue”ing GM 100 — 10,000/yr 100,000/yr 250,000/yr
Honda 200 <1000 —~ Commercialisation

e Perfect for embedded electrolysis

Hyundai < 1000/yr ——— >100,000/yr
Rampup
Purpose design FC
hybrid vehicles

Trials, conversion design cars and niche vehicles

B =B a __

—

10,000/yr\pe-r\\-\ A,

Potential trickle to London manufacturer

<_._,_._._..
,<____.___-

elementenergy
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Hydrogen Fuel Cell Electric Vehicles

Energy Storage | Clean Fuel

Return to Base

Early adoption from commercial fleets

e Scheduled routes

*  Sophisticated fuel procurement

*  Sophisticated environmental impact models
e Carbon footprint targets

e Air quality targets
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Hydrogen on Site Trials

Trials to establish

(entérParcs
-

Center Parcs

www.centerparcs.co.uk

(_{:_“ Forestry Commission

The Forestry
Commission

www.forestry. gov.uk

London

Stansted Vi

London Stansted Airport

www.stanste dairport.com
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SEATHNY CHAN

DHL Supply Chain

www.dhl.co.uk

f_:ﬁ Camden

London Borough of
Camden

www.can den.gov.uk

<
¥

Scottish Police Services
Authority

www.spsa.police.uk

RAC

WWW.IBC.CO.UK

GROUP

Commercial Group

wWww.Coni niercial.co.uk

SOUTHAMPTON
CITY COUNCIL &

Southampton City
Council

www.southam pton.gov.uk

SCOTTISH 55,
WATER _#

Scottish Water

www.scottishwater.co.uk

Vesitas.

Vestas Wind Systems
www vestas.con
&% VolkerHighways

VolkerHighways

www.volkerhighways.co.uk

commercial benefits and environmental impact models

Sheffield

City Council

Sheffield City Council

www.sheffield.gov.uk

Tarmac I

Tarmac

www.tarmac.co.uk

amey

Amey

WWW.aney.co.uk

( Scottish and Southern

Scottish & Southern
Energy

wwnw.scottish-southern.co.uk

MAY GURNEY

May Gurney

WL aygumey.co.uk

Enterprise

maintaining the infrastructuse of the UK

Enterprise

www.enterprise.plc.uk

Isle of Man Government

|
AUTOGLASS

Autoglass

UPs

WWW.UpS.com
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Hydrogen Energy Storage

What's the Solution?

Hydrogen made from renewable power
*  Via the grid as a demand side managed load
e Direct coupling to renewables

*  Joined up thinking between the Power & Transport sectors
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Summary




