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Renewable Energy will continue to grow

Market:

Global renewable energy 5 Continue to drive towards CO2 free. energy
installations Most renewable energies now at grid parity
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v" More visibility and accountability
towards customers & shareholders

GE: leader in the fastest growing Energy market segment




Hydro Industry Main Development Trends

Maximising flexibility
* Power regulation in turbine & pump

* Increased cycling

Increasing Hydropower production
 Efficiency increase in refurbishment

* New projects

Maximising storage dissemination
» Overcoming equipment limitation

* New plant concept

Environmentally friendly solutions
* Reducing use of oil

e Fish friendliness




Variable renewable integration
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Power regulation need increase
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Increase of unit cycling
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Fatigue In Motor-Generators

Life time analysis on structural design

Design criteria
» Start up to rated speed (HCF)

» Acceleration to runaway speed (LCF)

Calculation methods

> Finite element calculations

» Assessment of fatigue strength and
maximum number of cycles
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Extension operating range
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Variable Speed PSP

Advantages

« Adjustable pumping power
* Turbine global efficiency

e Compatible with more challenging
sites

» Faster power adjustment



PSP In Europe

199 plants,
48,8 GW turbine capacity

537 machines wit
a pumping mode (representing
a turbine capacity of 46,6 GW)

Source: eStorage



Feasible sites for new PSPs

United

Portugal 3%
8 Spain 8%
Sweden 4%
Switzerland
Norway 57% 7%
Kingdom 2%

Austria 0%

%Belgium 0%
Finland 0%

France 5%

Germany
0%

Greece 7%
Italy 7%

Realisable potential

B very nigh (> 1000 GWh)
B High (100 - 1000 GWh)
] Low (10 -100 Gwh)
L] verylow (1-10 Gwh)
1 None (0GWh)
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@ Realisable potential
@ Non-realisable potential
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*S.
Norway: 54%
of realisable
capacity

* Alps: 13% of
realisable
capacity

* Pyrenees: 5%
of realisable

capacity

Source: eStorage



Environmental Friendliness

‘ Risk of oil leakage pollution ‘

Before retrofit
LR ‘ OlL in

ppppp SM
TRUNMION 202
BLAES [20 |
SCAEW (200
uuuuuu
= ’ : ‘ OIL in
i
N _ HUB
mm& AL ‘\a_;_\_ . :- %
SN
NN
..... P After retrofit
] &mm
- pisg (24
o =
scaFw | 208
Busi [209 i
— !
i |
pLuc| o .
e = -
o, BN




Hydropower continues innovating so that
renewable power remain renewable:

* Further improving its flexibility
* Increasing its production
* Maximising the dissemination of storage technology

« Minimising its environmental impact
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