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How should state-owned grid-scale storage 
be operated and regulated in a competitive 

electricity market?

Or: The Elephant’s New Clothes: 
Snowy 2.0 & the NEO
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IF Snowy 2.0 gets built…..

3

• Profit maximisation?
• Other objectives? 

Operating 
principles & rules

• Operating principles from 
(amended?) NEO

• Transparency for all market 
participants

Grid-scale storage 
=

Grid-scale 
infrastructure



Snowy 2.0: Potential risks

4

Crowding out other storage

High sunk costs & no scale-up options

Sub-optimal operation

Cheaper/better firming options available

Environmental impacts in the Snowies



Snowy 2.0: potential PHS quasi-monopolist
– Snowy 2.0 is large 

• 2 GW capacity, 350,000 MWh energy (175 hours at full capacity)
– Forecast summer max load 2028 (50% POE) (AEMO 2018a):

• NSW: 13 GW,VIC 10 GW ((Source: AEMO 2018a)
– Snowy already has an extent of market power
– No room commercially for other PHS in S-E Australia?
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Source: ISP 
- AEMO 
(2018b)
Snowy2 + 
BattofNation

Capacity Energy



Snowy as it is today 
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RED ENERGY
LUOMO ENERGY

> 1 million retail 
customers

3rd largest generator in NEM by 
capacity
4th largest retailer in NEM
FCAS & financial contracts



Snowy key statistics
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• Snowy Hydro total capacity factor 8.3% (2017-18)
• Total capacity 5.5 GW

• Tumut 3 (PHS) capacity factor 3.2% (2017-18)
• Tumut 3 (PHS) total capacity 1.5 GW

• Total annual generation 3.7 TWh (2017)
4.5 TWh (2018)

• Net assets (2017-18) $2.05 billion 
• Dividend (2017-18) $265 million

Sources: Creative Analytics (2019), Snowy Hydro (2018)



Usage of existing pumped-hydro storage

8Data: AEMO via Hugh Saddler

Why such low capacity utilisation of existing pumped hydro?
High price differences required to cover round-trip losses

Protecting profitability of other generating assets?



Usage of existing pumped-hydro storage
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Average 
NSW spot 

prices when 
Tumut 3 is…

Pumping 
$64/MWh

Generating 
$129/MWh



Snowy 2.0 in the NEM
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MJA modelling report, base scenario:
• 2-4 TWh/year output – rising over time as wind&solar increase
• More wind&solar, less gas than without S2
• Faster coal closures, but higher capacity utilisation of remaining coal
• CO2 almost the same as without S2



Snowy 2.0 (& Battery of the Nation) may 
delay coal exit
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Source: ISP - AEMO (2018b)

ISP scenario:
• Storage allows brown coal to remain for longer
• Delays some solar deployment in 2020s



Snowy 2.0 in the NEM
Electricity supply & prices
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• Pumping: higher “low” prices
• Generating: lower “high” prices

– Less intra-day volatility
– Differential impacts on value of generation of different 

types of generators

• Possibly lower average wholesale prices
– Depending on bidding by S2 and other generators
– Depending on changes in generation mix resulting 

from S2



Snowy 2.0: when will it pump/generate?
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Source: MJA (2018)

Daily pumping/ 
generating cycle

Snowy’s modelling 
report: 
S2 pumps mid-day, 
generates 
morning/evening
… thereby levelling 
out solar generation

But …



Snowy 2.0: when will it pump/generate?
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Daily pumping/ 
generating cycle

Prices are typically 
low at night, and 
middle of the day if 
sunny

Prices in a low-coal 
future still low during 
the night? (wind) 

night



A-priori distributional impacts of S2 
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Impact of Snowy 2.0 Causes

Consumers + ↓ prices

Taxpayers -/+ ↓ capital costs
↑ dividend to Treasury

Generators (Overall) - ↓ revenues/profits

Coal Generators + ↑ volumes, price?

Gas Generators - ↓ volumes, ↓ prices

Existing REN ? Volumes unchanged; price?

New REN +
Better investment conditions 
as longer term firming more 

assured
New Storage - ↓ volumes, ↓ prices



Snowy 2 and emissions
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• Snowy’s modelling shows practically no impact on CO2 emissions 

Short-term impact on 
emissions
• Energy source for pumping. 

Coal or wind/solar?
• Displacement from generation. 

Mostly gas?
• Round-trip losses mean that 

CO2pumping needs to be 
< CO2 displaced generation 
for break-even in system-wide 
CO2

Long-term impact on 
emissions

– Keeping coal in the 
system for longer vs

– Facilitating firming in 
high-REN system



Snowy 2.0 and system costs
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• Unclear whether system costs over time are higher or 
lower, including (uncertain) cost of construction

• Once built, greater capacity utilisation of S2 will tend to 
lower system costs
– Less need for other types of storage, higher capacity utilisation 

of existing generators
– Operating principles/rules will affect impact on system costs 



How could Snowy 2.0 work?
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Maximise Profits
Minimise System Costs 

&/or Wholesale Price
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Snowy existing corporate principles
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National Electricity Objective

“to promote efficient investment in, and efficient 
operation and use of, electricity services for the long 

term interests of consumers of electricity with respect to:
– price, quality, safety and reliability and security of 

supply of electricity
– the reliability, safety and security of the national 

electricity system.”

NEO 2.0: Add emissions?
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What 
objectives 
for NEO 

compliant 
Snowy 
2.0?

Reliability        
+ 

Affordability
?

Default 
profit 

maximising
?

System cost 
minimizing  

?

Specific 
objective 
function        

?
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Profit maximisation Wholesale price minimisation

Capacity utilisation of 
Snowy 2.0 + ++
Capacity utilisation of coal + ++
Minimizing spillage of 
renewables (under high 
REN share)

+ ++

Average wholesale prices - --
Profit to Treasury ++ +
Total system costs
(ignoring S2 build costs) - --
GHG emissions ? ?

Snowy 2.0 operating modes compared 
to no Snowy 2.0



NEO

Long-
term

Market

Short-
term

S2: 
Yes or 

No

Rules

AEMC

AEMO

AER

Existing 
institutions to 
handle the 
decision 
making for 
beneficial grid-
scale storage?
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Implications & Conclusions
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Snowy 2.0 as a tool to minimize 
system cost and/or wholesale prices 

…not to maximize returns to the Treasury

Snowy 2.0 principles&operating rules 
need transparency & consistency

Emissions need to be priced –
Snowy 2.0 by itself will not cut emissions

Snowy 2.0 may be inferior option                  
If built, run it for maximum public benefit
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frank.jotzo@anu.edu.au
ccep.crawford.anu.edu.au



References
AER (Australian Energy Regulator). 2016. Electricity Spot Prices Above 
$5000/MWh, New South Wales, 18 November 2016.
AEMO (Australian Energy Market Operator). 2018a. 2018 Electricity Statement 
of Opportunities.
AEMO (Australian Energy Market Operator). 2018b. Integrated System Plan.
Marsden Jacob Associates. 2018. Modelling Snowy 2.0 in the NEM: Public 
Report. 3 December 2018.
Creative Analytics. 2019. NemSight Database.
Sioshanti, R. 2010. Welfare Impacts of Electricity Storage and the Implications 
of Ownership Structure.
Snowy Hydro. 2018. Snowy Hydro Limited and its Controlled Entities Annual 
Report for the financial period ended 30 June 2018
Snowy Hydro. 2019. Statement of Corporate Intent.

26



• Some extra slides
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Snowy 2.0 in the NEM
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Source: MJA (2018)



Snowy 2.0 in the NEM

29

Source: MJA (2018)
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Generator vs “Consumer” ownership of 
large storage

Source: Sioshansi, R. (2010)
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Generator 
ownership 

will 
“underuse” 

storage

Consumer 
ownership 

will 
“overuse” 
storagePe
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Some theory on load-shifting and prices

Source: Sioshansi, R. (2010)
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𝑙𝑙1: off-peak load, no storage (period 1)
𝑙𝑙2: peak load, no storage (period 1)
𝛿𝛿: energy discharge from storage in 
period 2
0 < 𝜂𝜂 < 1 : round trip efficiency

Δ Consumer surplus (CS) = D+E-A
Δ Producer surplus (PS) = A+B-D
Arbitrage value = F-(B+C)

Max social welfare → +ve ΔCS, -ve
ΔPS
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