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Who am I?



Overview

100% renewables ïworth thinking about?

100% renewables ïtechnically feasible?

100% renewables ïcosts?

100% renewables ïwill the market work?



Global investment in electricity generation

4IEA, World Energy Investment Outlook 2014

More invested in renewables than fossil 

fuels globally

Investment in power plants by type and region, 2000-2012



What about capacity?
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In 2013, renewables accounted for more 

than 56% of net additions to global power 

capacity

China now adds more renewable capacity 

each year than fossil fuel and nuclear 

capacity combined.

REN21, Renewables 2014 Global Status Report



What about Australia?

6Bloomberg New Energy Finance & Climate Commission

Keep using 
what weôve got?

ÅAgeing 
generation 
fleet

ÅBy 2030, 65% 
of Australiaôs 
coal-fired 
power stations 
will be over 
40yrs old

New coal?

ÅNew coal now 
costs more 
than 
renewables

ÅRegulatory 
risks means 
very high cost 
of capital, if 
they can get 
financing at all

Gas?

ÅBaseload
CCGT canôt 
get 
competitive 
gas supply 
contracts

ÅCompetition 
with LNG 
export market

Nuclear?

ÅMore 
expensive 
than 
renewables

ÅNo existing 
industry or 
experience

UK: 

Hinkley Point C 

$154/MWh

35yr PPA



ÁPower systems with very high renewable 

proportions of renewables appear inevitable

ïItôs not a question of ñifò, itôs a question of when.

ÁBut is it even technically feasible?!?
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100% renewables ïworth thinking about?



Renewable technologies

Variable & non-synchronous



Optimising generation mix

Proportion of variablerenewables
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(Voltage/Frequency 

management)

Least cost mix 
(50%?)

0% variable 100% variable 



J. Riesz, J. Gilmore, (2014) ñDoes wind need ñback-upò capacity ï
Modelling the system integration costs of ñback-upò capacity for 

variable generationò. Accepted for presentation at the 2014 

International Energy Workshop (Beijing)

Wind displaces baseload generation

A new power 

system paradigm



Least cost mix

45% - 60% 
wind

15% - 20% 
PV

14% - 22% 
Solar thermal

5% 
Hydro
(existing)

6% 
Biomass

Elliston, B; MacGill, I; DiesendorfΣ a όнлмоύ 9ƴŜǊƎȅ tƻƭƛŎȅΣ ά[Ŝŀǎǘ Ŏƻǎǘ млл҈ ǊŜƴŜǿŀōƭŜ 
ŜƭŜŎǘǊƛŎƛǘȅ ǎŎŜƴŀǊƛƻǎ ƛƴ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ b9aέ



Modelling of 100% Renewables

ÁAustralian Energy Market 

Operator (AEMO)

ïLandmark modelling study in 

2013

ïMost detailed analysis of 100% 

renewables to date

ïFirst time 100% renewables 

considered by an official planning 

body in Australia
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A massive data collection process

Utility PV

CST

Geothermal

Wind (on-shore)

Wave

Hourly traces for 
wind/solar technologies 
developed based upon 
historical observations
(2003-04 to 2011-12)



Biogas

Hydro

CST

PV 
(utility)

PV (rooftop)

Wind

Biomass

Geothermal

Bagasse

Scenario 1 
Low technology cost

+ Low demand

Scenario 2 
High technology cost

+ High demand

ÅLeast cost 
generation mix 
to meet the 
Reliability 
Standard:

ÅDiverse portfolio 
is key



New transmission



Example: Summer, Scenario 1, 2030

Geothermal

Biomass

Rooftop 
PV

CST

Wind

Utility 
PV



Example: Winter, Scenario 2, 2030

Biomass

Wind

Model constrained to 
minimum 15% 

synchronous generation 
in all periods

(maintain inertia, fault 
level feed-in, etc)


