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Why 100% renewable electricity?

 AR4 (IPCC, 2007) stabilisation target for 2°C
e 80% to 95% below 1990 emissions by 2050

e Australian Government policy
e 80% below 2000 emissions by 2050

e Some current jurisdictional targets

e Australia: 20% by 2020
e California: 33% by 2020
« Germany: 80% by 2050
 New Zealand: 90% by 2025

« |EA BLUE High Ren 2050 scenario (~75% renewable)



Outline

* Previous studies

* \What we're doing (and not) doing
e Overview of simulation framework
« Baseline generation mix

 Results
e Sensitivity analyses
 Observations at 100%
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Beyond Zero Emissions

Emission reduction

50% below 2001 in CO, emissions from
stationary energy by 2040

6 scenarios for energy to 2050,
including 50% below 1990 in CO,-e by

2050

2 scenarios, including 33% below 1990
level in total CO,-e by 2020

37% below 2005 in energy-related CO,
emissions by 2020

Zero CO, emissions from stationary
energy by 2020




What we're doing

e Could the NEM have reliably operated in 2010
using 100% renewable generation?
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What we're doing

« Simulating scenarios of 100% RElec in the NEM

 Minimal assumptions

« Available technology only

e Main (temporary) assumption: “copper plate”
o Simulate 2010 hour by hour

* Actual demand & weather conditions
« Detailed modelling of generators
« Quantify reliability implications
e Unserved energy (current NEM standard 0.002%)
e Hours of unmet demand



What we're not doing

 Aplan
» Covering national electricity demand
» Covering all end-use energy

transport, heating, industrial processes
« Complex demand response (yet)

* Transmission modelling (yet)
 Economics (yet)



Simulation overview

* Written in the Python programming language
 Framework + database

« Database

» Electricity demand & wind generation (AEMO)
e Solar radiation & weather records (BoM)

 Compact, easily desk checked code base
 Easy to add new generator types
* \WWhat-ifs can be easily tested on the fly



Baseline generation mix

Technology

Wind

CST

PV

Pumped hydro

Conventional hydro

Gas turbines

Fraction
(by energy)

30%

40%

10%

Capacity
(GW)

23.2

15.6

14.6

2.2

4.9

Remarks

Existing NEM sites

Parabolic troughs, 15h storage, solar
multiple 2.5

Roof-top PV in capital cities

Existing stations

Existing stations

Biofuelled




Baseline simulation summary

Total NEM demand (TWh)
Spilled energy (TWh)
Spilled hours

Unserved energy (%)

Unmet hours

Gas turbine electrical energy (TWh)

Largest supply shortfall (MW)




January 1 — 13

Supply/demand for the National Electricity Market (2010}
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June 29 — July 6

Supply/demand for the National Electricity Market (2010)
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Sensitivity analyses

Reduce demand during winter peaks
(baseline gas turbine capacity)

Demand Unmet Maximum
fraction hours shortfall (MW)




Sensitivity analyses

Increase CST solar multiple: 2.5 — 4.0




Sensitivity analyses

Increase CST capacity by 1GW per plant




Sensitivity analyses

Delay CST dispatch by n hours
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/h delayed CST dispatch (winter)

Supply/demand for the National Electricity Market (2010)
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Sensitivity analyses

Impact of reducing peak demand on gas turbine
capacity required to maintain NEM reliability standard

Gas turbine Peak demand
capacity (GW) | reduction (%)




Observations at 100%

2010 NEM load reliably met with renewable energy

e System security from gas turbines & demand response

« 14% energy demand met from bioenergy

100% RElec is challenging

« Hydro of limited help (“biofuel saver”)

e Refinements (e.g. 1 wind regime diversity) may reduce bioenergy
« Demand response clearly needed

“Baseload plant” an outmoded concept

e Goal is to reliably meet all demand

« Baseload always met in the simulation, peak load is harder
Next steps: remove “copper plate” and economic modelling



Questions?

Ben Elliston
b.elliston@student.unsw.edu.au

School of Electrical Engineering and Telecommunications
University of New South Wales
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