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100% renewable electricity

No heroic assumptions: we only use 

technologies with >100 GW deployment

Å90% PV + wind, very widely distributed

Å10% existing hydro and biomass

ÅPumped hydro energy storage (PHES)



New generation capacity worldwide

Silicon = 93%



PV learning curve

Late 

2016



High voltage DC transmission (HVDC)

ÅTransmit gigawatts over thousands of km

Å+/- 800 kilovolt

ÅLoss: 3% per 1,000 km

Å>200GW of HVDC systems

ÅExamples

ïBasslink (Vic-Tas): 400kV, 290km, 0.5GW

ïXiangjiaba-Shanghai: 800kV, 2000km, 6GW



HVDC 

backbone



Tumut 3 PHES

Pumped hydro energy storage (PHES)



World wide energy storage

- 160 Gigawatts (2GW in Australia)

- Lowest cost storage 

Source http://www.energystorageexchange.org/projects/data_visualization

Pumped hydro

97% of all storage



Off-river closed-loop pumped hydro



Off-river closed-loop pumped hydro
Kidston 250MW PHES + PV



Off-river PHES

ÅNo expensive flood control necessary

ÅDaily (not seasonal) storage

ï20 hectare reservoirs, 25m deep, 750m head

­ 1000 MW for 8 hours

ÅTriple the head

ïTripled power

ïTripled energy storage

­ Less than tripled cost



PHES: water and environment

- 100% renewables scenario 

ÅEnvironment

ïExclude national parks 

ï36 km2 total reservoirs (5 ppm of Australia)

ÅWater

ïWater recycled

ï0.3% of Murray-Darling agricultural extraction



PHES sites
National parks excluded

Head > 700m

Head > 500m

Head > 300m

Lowest cost storage

Spinning reserve 

Inertial energy

Fast start (1 min)

Black start

­ the gold standard


