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Pump-turbine Time [seconds]
— Mode change A B C D E
Standstill ——» 90 75 90 90 65

T
1

PS 2  Standstill — 340 | 160 | 230 @ 85 80
3 —_— 70 20 60 40 20
4  — 70 50 70 30 25
5  — 420 | 300 | 470 @ 45 25
6 —_— 190 | 90 | 280 @ 60 25
Reversible pump-turbhine

il A - advanced conventional (2012)

B - extra fast response conventional
C - variable-speed, DFIM

Ternary set
D - with hydraulic torque converter + hydraulic short circuit, horizontal, with Francis turbine
E - same as E but vertical with Pelton turbine

SC = synchronous condenser
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Technology outlook

PSP will need to start and stop more often and faster. By 2030, the
target is to have increased the lifetime of turbine runners and critical
rotor parts from10,000 stop-starts to 100,000.

The use of variable-speed technology supports this trend. Variable-
speed technologies come in two flavors: the Double Fed Induction

Motor-generator (DFIM) and the Synchronous Motorgenerator with
Full-power Converter (SMFC). Efficiency will increase from

98% today to 99% by 2030. Novel forms of PSP, some of them
facilitated by variable-speed technology, are under consideration.
These include:
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Technology outlook

> PSP built in or along the sea and that use the sea as a reservoir
(to be situated close to wind farms and minimise offshore grid
extension costs)

> PSP using underground reservoirs (such as dis-used mines)

> PSP using heavy masses (lifting a body of water on top of which
rests a denser material, like sand).
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