New Smartgrids




Complete Offering in Clean Energy &
Transportation Infrastructures




Key Drivers for Smart Grids

1. Maximize CO2 free energy and reduce environmenta | impacts
* Enable renewable grid connection and improve thermal generation flexibility
* Maximize dispatch of intermittent renewable generation (wind, solar)
 Integrate distributed generation, eco-buildings and electric vehicles

* Develop new energy storage capabilities

2. Improve energy efficiency across the value chain

Optimize real-time CO2 free energy delivery to end-users

Maximize energy flow in constrained and aging grids

Enable end-users dynamic participation to the market (“prosumers”)
Integrate smart metering and demand side information integrate

3. Increase Grid Reliability and Stability
« Estimate Grid Asset condition through real-time and react accordingly
e Prevent transmission blackouts and minimize outages in distribution

e Monitor Grid stability / oscillations and implement Defense plans/Grid self
healing
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The Flexibility Challenge
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Smart Grid technologies will allow new sets @

regulated/unregulated flexibility services

Reaction

Application A EET Time : Duration
(MW) horizon  time
Generation 100 - 1,000 | Hours Minutes Hours
<100
<100 Minutes Seconds Minutes
Arbitrage > 50 Weeks Minutes Hours
Grid Grid <200 Hours Minutes Hours
SEIY Minutes
<10 | Hours Hours
<200 | Hours
<200 Minutes Seconds Minutes
Load Management <10 Hours Seconds Hours
Demand Power <10 Seconds | Minutes Minutes
Seconds Seconds

Each services needs to be mapped against specific market regulatory
structures
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The SmartGrid efficiency value chain

Wholesale Markets Urban Grids

~ © -
g S Smart \. 2 \
O Clean Cofl Smart
i N Combined .
- ,/ J Cycle /
/ 3
- g | ./
2., \ \
"o - ‘
&
= \ :
o Ly
g / * /

/ Smart Wi}rd. )

Virtual Power Plant are critical agents to guarantee '
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Need to map Smart Grids service value & cost
Impact on the various actors of the value chain




Electric Utility Evolution




Smarter
equipment

Smarter grid
management

TECHNOLOGY EVOLUTION
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Alstom supporting advanced pilot initiatives
across the world




Pilots need to evolve towards consistent
multi tier decision IT frameworks
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Pilots require demonstration of end to end
Integrated services within Grid clusters

Deregulation &
Real-time Pricing

Difficulty
to expand Grid
Infrastructures

Consumers
turning
to “Prosumers”

Smart Energy
Positive Infrastructures

Increased energy
density Integrated
during peaks Mobility Services




www.grid.alstom.com




