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What is the National Electricity Market (NEM)?
• The National Electricity Market (NEM) is a
wholesale electricity market between
Queensland, NSW, Victoria, SA and Tasmania,
and is operated by the Australian Energy
Market Operator (AEMO).
• The NEM sets the prices and quantities of the
electricity exchanged between generators and
retailers.
• Retailers sell electricity to businesses and
homes.
• NEM operation must take into account the
physical performance of the ‘poles and wires’,
all generators and all consumers.
source: Global Roam

The NEM abatement challenge – our modelled emissions trajectories

• Government 2030 target = 26-28% GHG reduction of 2005 levels over economy.
• Opposition 2030 target = 50% renewables.
• Roughly 1/3 of Australia’s GHG emissions comes from our electricity sector.

Current generation in the NEM
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• * includes wind, solar, biomass and hydro. Biomass and hydro are dispatchable with inertia
and can be low cost.
• Future options include nuclear, carbon capture and storage (CCS) and other renewables.

Approach
• Modelling of abatement requires solution of the full technical and economic performance of
both the present and future electricity systems.
‒ Full solution of this problem is computationally intractable. Simplifications are therefore required.
‒ These simplifications have limits that must be appreciated.
‒ Input assumptions should be drawn from independent, authoritative and public sources: e.g. BREE,
AEMO.

• The total cost of the new build is a lower bound to the cost of achieving any target.
‒ Investment decision making, system operation, different policies, markets and governance, etc.
then serve to increase the total cost, by hopefully a small amount.

• Identification of this infrastructural lower bound is therefore useful since, for a given set of
modelling inputs, no policy can achieve abatement more cheaply.
• We can then define a good abatement policy as one that results in a plausibly operable
system at a targeted abatement for a total cost that is acceptably close to this lower bound.

Problem formulation
• Minimise the discounted total costs of electricity generation from 2015 to 2050.
• Subject to linearly decreasing absolute annual emissions from 2015 to a given 2050 target.
• Modelling includes:
‒

10% real discount rate (unless specified otherwise)

‒

Intermittency of wind and solar plant across the NEM

‒

Utility scale energy storage (pumped hydro = cheapest form of storage, and solar thermal)

‒

Plant dynamics: unit commitment, minimum on times, minimum stable generation, ramping

‒

Estimates of plausible operational constraints (unless removed as indicated):
Minimum 30% synchronous generation in each NEM region at all times
Maximum 30% energy from intermittent generation in each region over each year

Scenarios
Reference Scenario
• renewables are the only type of zero emission plant
• inertia and intermittency constrained to within plausible operability limits
Long-lived Plant Scenario
• my grandfather’s axe - all plant have extended lives (wind 35 years, all others 50 years).
Rooftop PV Scenario
• prescribed penetration of rooftop PV ‘internalised’ by customers, i.e. not participating in the NEM.
Low discount rate Scenario
• 5% discount rate
No intermittency constraint Scenario
• inertia and intermittency constraints removed.
Nuclear and CCS scenario
• includes nuclear and CCS in the Reference Scenario

A typical result - Reference Scenario with 80% abatement in 2050
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• no surprises: shut down coal, build renewables and then CCGT to maintain system operation.

Reference Scenario by 2050 target
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With long life, rooftop PV, 5% discount rate, no intermittency constraints
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• A very different, low emission technological future!
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Is this uncertainty significant? Yes – 2050 wholesale market price
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• Future technology mix and costs heavily dependent on several uncertain parameters.

What about when nuclear and CCS are included?
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• CCS doesn’t penetrate because BREE finds it more expensive than nuclear.

And how does nuclear and CCS reduce costs?
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Nuclear & CCS

• For 80% abatement in 2050, saving is roughly 1c/kWh in 2050
• For 100% abatement in 2050, saving is roughly 5c/kWh in 2050

100

So what do we know and what don’t we know?
• The ‘known knowns’:
‒ Optimal pathways (in terms of technology mixes and costs) are particularly sensitive to
the discount rate and the ability of the NEM to accommodate intermittent renewables.
‒ Nuclear plant can’t start prior to about 2030 at best.
• The ‘known unknowns’:
‒ The NEM operating limits in terms of inertia and intermittency.
‒ The cost / prices of almost everything in 15+ years time!

And what about the RET? A policy we already have

•

Regardless of 2050 target, we consistently find that a renewable energy policy is very similar
to an equivalent optimal abatement policy out to roughly 2030.
‒

New inertia bearing generation is required about 2030. CCGT & intermittent renewables cheaper
than CST with storage & intermittent renewables, but may not be allowed by GHG constraints.

So what should we do now?
Choose a 2030 target and
extend the RET to meet it

Start planning and implementation
for a post-2030 future

• current RET has worked broadly as intended.

• acknowledge the uncertainty.

• extended RET:

• implement a longer term abatement
target and a broader based policy (e.g.
an economy-wide carbon trading):

‒
‒

appears close-to-optimal for abatement
to 2030
will continue pressure on coal and will
have limited adverse effect on gas in
terms of consumer prices

• acknowledge and address the challenges
of integrating intermittent renewables:
‒
‒

this challenge is not going away: a
feature of any close-to-optimal policy
numerous issues, including system
operability, system costs and equity

‒ incentivises gas and other nonrenewable plant

• consider implementation of nuclear and
CCS post-2030:
‒ many factors: e.g. health, security,
decommissioning and remediation,
insurance, etc.
‒ include ‘moving reference’ of a nonnuclear, non-CCS, renewable future

Questions?

