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System analysis

installed wind-power for all EU-regions in [GWV)]

Weather data of 8 years of |h time

resolution for 45km x 45km squares



Storage capacity EU

a% Wind + b% Solar + c% Conventional / Must run *)

Storage minimum

55% wind to 45% solar
generation ratio
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1.5 -X.
Average consumption month

1.4 av. consumption
month

*) Copper plate approach



Motivation for Storage

Grid requirements

The bench mark setting storage technology in terms of grid

compliance is pumped hydro. It provides all features for safe & reliable
transmission grid operation.

Frequency control
Black start capable
Fast load rejection
Long duration self sustain operation (e.g. prior to grid restart)

Reactive / active power adjustment

Seasonal - like storage capacities, similar to gas system

Storage systems must offer a very flexible operation mode. CCPP
provide these flexibility and consequently H2 storage systems as well.
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Volumetric energy density

Physical < Electrochemical < Chemical
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Pumped hydro ' 0,28
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Specific Capacity Costs

0 180 360 540 720 900
Pumped hydro *) EESSSSS |75
CAES *) B8 50

Lead Acid *) l 405
NaS *) _ 375

Li-lon _

Redox Flow*) _ 3&5
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Specific Power Costs

0 400 800 1.200 1.600 2.000

Pumped hydro *) 1750

CAES *) I — 0
Lead Acid *) (E—— 540
NaS *) [ 500
Li-lon 540
Redox Flow *) —l 860
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LCOE-Methodology

Initial investment & yearly depreciations Operations & Maintenance expenditures Fuel expenditures
= Reduction of cost = Availability not appficable for

- Material = Equivalent forced outage rate (EFOR) RE plants

- Manufacturing = Automated operation

- System integration
- Commissioning
= Supply chain management
= Elimination of components
= Minimize additional
invest of storage
solution

Life-time of system

* Increased durability of
components

= Preventive
maintenance to
extend lifetime

= Total plant management

= Serviceability

= Minimize additional O&M cost
for storage solution

ectricity generation Discount rate

* Increased efficiency = Decreased interest rates
- Optimized receiver - Increased bankability
- Higher operation temperatures - Support of SFS

- Steam turbine enhancements
- Front surface mirror with
higher reflection rate

»Energy storage solution
= Economy of scales



LCOE-Methodology




LCOE Storage

- ST 5
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Annual OPEX & CAPEX = higher Inclination [€/kWh Tank size]
-Low efficiency (OPEX) -Zero: fnssill back-up

-High costs for conversion in / out (CAPEX) ~Very steep: Li-lon

-Low accumulated operation time -Very flat: H2 \

Graph shifts down with higher annual
discharged energy

LCOE [€/MWh]

Annual CAPEX & OPEX
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LCOE Storage

3000h/a Operation
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Dispatchable
Renewable Power




Electrolyzer (@ Siemens

PEM elektrolyzer development since 1998
* continuous lab operation >40kh
* | Oy fiel operation
* |00bar prototype
*40y electrode know-how
*>50y heavy duty rectifiers

Solution provider
*heavy duty rectifier up to 70kA
*transformer & control units
*grid connection




PEM Electrolyzer
Best fit for Energy Storage




Elektrolyzer & Control
Power

Power in %

providing ' providing eq.
negative control power ' ! positive control power ! 100 KW System.

normal operation

negative
control power:

*cold start 10min
*warm start <|0s

*load dynamic 0% to 300%
*secondary and even primary control power possible
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Product Road Ma

Layout

Gen | Gen |l Gen lli
0, MW 2, I MW 90MW
—

2012 2015 2018



H2 Gas Storage

Low pressure vessel |50 MWh

High pressure vessel 2.250 MWh

High pressure tube  4.300 MWh / ! ‘

Cavern 240.000 MWh
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Underground Storage

rﬁhulfer: and
Daplotpd Reservoirs
[




Underground Storage
in the USA

Consuming West

Consuming East

+ Depleted Fields
@ Salt Caverns
& Aguifers




Gas Turbines |5-50MWwW

SGT-700 (GT10C): 29 MW, 36% SGT-800 (GTX100): 47 MW, 38%




Fully dispatchable small wind

60MW @ 2 days




Fully dispatchable big wind

500MW @ | | days




Thank you for your attention!




SIEMENS
Disclaimer

This document contains forward-looking statements and information — that is, statements related to future, not past,

events. These statements may be identified either orally or in writing by words as “expects”, “anticipates”, “intends”,
“plans”, “believes”, “seeks”, “estimates”, “will” or words of similar meaning. Such statements are based on our current
expectations and certain assumptions, and are, therefore, subject to certain risks and uncertainties. A variety of
factors, many of which are beyond Siemens’ control, affect its operations, performance, business strategy and resulis
and could cause the actual results, performance or achievements of Siemens worldwide to be materially different from
any future results, performance or achievements that may be expressed or implied by such forward-looking
statements. For us, particular uncertainties arise, among others, from changes in general economic and business
conditions, changes in currency exchange rates and interest rates, introduction of competing products or technologies
by other companies, lack of acceptance of new products or services by customers targeted by Siemens worldwide,
changes in business strategy and various other factors. More detailed information about certain of these factors is
contained in Siemens’ filings with the SEC, which are available on the Siemens website, and on
the SEC's website, . Should one or more of these risks or uncertainties materialize, or should underlying
assumptions prove incorrect, actual results may vary materially from those described in the relevant forward-looking
statement as anticipated, believed, estimated, expected, intended, planned or projected. Siemens does not intend or
assume any obligation to update or revise these forward-looking statements in light of developments which differ from
those anticipated.

Trademarks mentioned in this document are the property of Siemens AG, it's affiliates or their respective owners.

© Siemens AG 2011. All rights reserved
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