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The challenge + opportunity for a clean energy future

We must seize the opportunity for a clean energy future.

L et me be straight: our ongoing failure to realise the full potential of clean energy
technology is alarming. Midway through 2012, energy demand and prices are rising steadily,
energy security concerns are at the forefront of the political agenda, and energy-related
carbon dioxide (CO,) emissions have reached historic highs. Under current policies, both
energy demand and emissions are likely to double by 2050.

To turn the tide, common energy goals supported by predictable and consistent policies are
needed across the world. But governments cannot do this alone; industry and citizens must
be on board. The public needs to understand the challenges ahead, and give the necessary
support and mandate for policy action and infrastructure development. Only decisive,
effective and efficient policies can create the investment climate that is ultimately needed

to put the world on a sustainable path.

human impact on the environment.

The good news is that technology, together with changed behaviour, offers the prospect
of reaching the international goal of limiting the long-term increase of the global mean
temperature to 2°C. By reducing both energy demand and related greenhouse-gas (GHG)
emissions, strategic application of clean energy technologies would deliver benefits of
enhanced energy security and sustainable economic development, while also reducing

(IEA, Energy Technology Perspectives, 2012)
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Growing interest in future 100% renewable electricity

= Many drivers including

— climate change (and given poor progress of other low carbon options)

— energy security (most countries see fossil fuel $ as economic liabilities)
— falling renewable technology costs

= Some key questions

— Technical feasibility? — can 100% renewables mixes utilizing highly
variable and somewhat unpredictable solar and wind reliably meet
demand at all times and locations

— If yes, Economic feasibility? — is 100% renewables economically worth
doing given likely costs vs costs of inaction, other options

— If yes, how do we get there



Worst ever carbon emissions leave
climate on the brink

Exclusive: Record rise, despite recession, means 2C target
almost out of reach

Climate change context "™ "
= Generally worsening scientific A

prognosis for warming, impacts
= |ncreasing global emissions

= An evident weakening
International response

‘ . MyACC conomic recession has failed to curb rising emission ndermining hope of keeping global warming t
a Business Spectator publicalion TRtk ) } ) o/t ?

Home Policy & Science Smart Energy Green Business CleanTech

Enviro-Markets Greenhouse gas emissions increased by a record amount last year, to the highest
carbon output in history, putting hopes of holding global warming to safe levels all but
3 : Ixm t of reach, according t blished estimates from the Internation: eIgy
NO breakthrough in Bonn as Chmate lelde deepens out of reach, according to unpublished estimates from the International Energy
Stephen Minas

Two weeks of United Nations talks to prepare a new global Updated 7:02 AM, 21 Jun 2011
framework to deal with climate change ended on Friday with little
progress made. Countries remain at odds over the future of the
Kyoto Protocol, the first period of which expires at the end of 2012.
There was no movement on emissions reduction targets, despite a
growing chorus of experts and activists warning that current pledges
are insufficient and put the world on a hazardous pathway.

Tags
Bonn, UN climate talks, Policy &

minimal effect on emissions, contrary to some predictions.

Science
Bookmark this Last vear, a record 30.6 gigatonnes of carbon dioxide poured into the atmosphere,
0 sHARe I £ B3, mainly from burning fossil fuel — a rise of 1.6Gt on 2009, according to estimates from

the 1EA regarded as the gold standard for emissions data.

Modest progress was achieved on some aspects of the climate regime, bt disagreement persisted on  *J am very worried. This is the worst news on emissions,” Birol told the Guardian. "It is
much else. The slow pace of talks bodes il for the end-of-year meeting in Durban, South Africa —the  hecoming extremely challenging to remain below 2 degrees. The prospect is getting
deadline set by parties to give effect to much of December’s Cancun Agreements. bleaker. That is what the numbers say.”
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ome (but not all) key RE technology costs falling
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climate (max 2 deg.C warming),

..2010 used inefficient technology.

IEA perspective on global clean energy progress, and policy needs towards protecting the
EA, Energy Technology Perspectives, 2012)

|
tatus against sDS objectives

.= Not on track; = = Improvements but more effort needed; . On track but sustained support and deployment required to maintain progress,

Efficient coal technologies are being
deployed, but almost 50% of new plants in
Most countries have not changed their

nuclear ambitions. However, 2025 capacity
projections are 15% below pre-Fukushima

expectations.

best technology and coal demand slows.

Key policy priorities

CO, emissions, pollution and coal efficiency
policies required so that all new plants use

Transparent safety protocols and plans;
address increasing public opposition to
nuclear power.

Renewable
power

36%

More mature renewables are nearing

competitiveness in a broader set of
circumstances. Progress in hydropower,
onshore wind, bioenergy and solar PV are

broadly on track with 2DS objectives.

Less mature renewables (advanced
geothermal, concentrated solar power [CSP],

Continued policy support needed to bring -

Large-scale RD&D efforts to advance less |

down costs to competitive levels and to
prompt deployment to more countries with
high natural resource potential is required.

mature technologies with high potential.

offshore wind) not making necessary
progress.
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CCS in power

CCS in industry

No large-scale integrated projects in place
against the 38 required by 2020 to achieve

T ZDDe e ————
Four large-scale integrated projects in place,

against 82 required by 2020 to achieve the
2DS:; 52 of which are needed in the
chemicals, cement and iron and steel sectors.

Announced CCS demonstration funds must
be allocated. CO, emissions reduction
policy, and long-term government

~ frameworks that provide investment

certainty will be necessary to promote
investment in CCS technology.
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rowing plans on transition pathways

DANISH MINISTRY OF
CLIMATE, ENERCY AND BUILDING

DK Energy Agreement, March 22 2012

* With the Energy Agreement of March 22, we have succeeded in obtain-
ing broad political commitment to an ambitious green transition for
Denmark that focuses on energy savings throughout society and pro-
motes renewable energy in all sectors.

¢ This agreement implies a 12% reduction of gross energy consumption
in 2020 in comparison to 2006; a share of 35% renewable energy in
2020; and 50% wind energy in Danish electricity consumption in 2020.

« The agreement is important for delivering on the political goal that Den-
mark's entire energy supply (electricity, heating, industry and transport)
is covered by renewable energy in 2050.

IES Workshop on Rapid Climate Mitigation




Taking a longer-term perspective, 100%

renewables a question of when.. and how

= Our only technically feasible option
= Wind and PV seem well placed to play major role

(Murphy, http://physics.ucsd.edu/do-the-math/, 2012)
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hnical feasibility: range of proven renewables

Figure 4.6 P Near-term technology development priorities and CO, mitigation for
power generation technologies  (EA, Energy Technology Perspectives, 2010)
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Renewables in Australia



Technical feasibility: ‘what
exists is possible’

Sweden
wind a significant contributor in e
growing number of electricity T

Industries around the world

Estimated Wind Generation as a
Proportion of Electricity Consumption
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(LBL, Wind Energy Report, 2013) : :
B Approximate Yvind Penetration

® Approximate VVind Penetration
® Approximate Wind Penetration
B Approximate Yvind Penetration
® Approximate VWind Penetration
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SA Wind Power vs SA Demand SADemant S)

—SA Wind (MW)
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(www.reneweconomy.com.au, September 2013) o 1600
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(AEMO, South Australia Electricity Report, 2013) © 1200 =&

South Australia registered generation capacity = Electricity generated in 2012-13 by energy source

Energy source

Megawatts (MW) Percentage of total Gigawatt hours (GWh) Percentage of total

I 2,672 50% 6,786 52%
e o 23 3483 -
e - 2238 7%
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Load profile of E.ON Bavaria against upstream grid operator (E.ON Netz)

Tagesminima und -maxima von 2007 bis April 2011
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(EON-Bayern, www.pvps.org, 2011)

3 & S S &P PO £ 4P P P O P O G D
5 P o‘i&"i&i@l&’e&‘{o‘ Rl Pt R B

a e & @ o & & & ¢ & & ¢ ¢

=»  In spring and summer reduction of received power

=»  In winter low impact of PV's -
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100% renewables
for the NEM?

A significant change from
current mix with some
hydro, modest wind

Note missing PV, other
non-registered renewables

Figure 1.4
Registered capacity in regions, by fuel source, 2011
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Large electricity generators in the
National Electricity Market

(AEMO, www.aemo.com.au, 2017 17)

Power stations: \L’,
® Coal \

[\

L
/
|
/

o [\ /

® Diesel/fuel ot/multi-fuel

® Wind

® Biomass/bagasse
Transmission network

!

\)
N
!
|
\. .
(g ¢

N

Ry

@

Saron-5crgde

\
o Kareeya
J

?

{

Yabul ount Stuart
s *’M -\ Invicta Mill

t.
Collinsville .\\)

Mackay

QLD: Av. load 5600MW - 1
Gen Capacity 12,000MW N

Barcald-ne
Stanwell @ L'1
Yarwun  @Gladstone

Callide A,B&C®

Dartlng Dawnsé

’ SA: Av. load 1500MW | o ot 3
. an Creek g
Gen Capacity 4000MW _— fafmfm. 8 g N ANE
' o— Swanhank]
L NSW Av. load 8500MW /
T S o gNarthern daew@apacny 16,000MW |
A\}\&' layfold{ North Brawn Hill o
Ciements Gap g Hallett A0 o1 BWW.‘GM
nt Millar o~ allett 2 | ol Ploss o Hunter Valley
Sna@ E?;aterloor— \ %l‘;%?izr: /Mﬂmwt

\
r
Cathedral R cu’\g"[é o ° 4
Bl ral Kocks InCLsnj/ ¢ {elz%aﬁ Ol’ll‘&
Wattie Point - o Guranting |
Torrens Island “ 02~ Sarfisn HilL |
Osbourne ~ ADE| AIDE
Creek '

Sol
ey |Chalhcum Hills

merton
‘ Darlnmng \ Guthega/

Capit .lB
unnin SYDNEY
\ UranquintyBY "‘""d; Q«Shalll.?‘warra
Blowetmg oalhaven
e 4 ’ﬁ-m t~Woadlawn

CANBERRA

it ’meko w““"'“ Eildon *Kiewa «/Brown Mountain
Baimsdale
Lake Bonney 1,2 & AT

esea. J \‘alloum “\iall
3 WwWer
a‘em%‘;{w WongAsB

‘fambuk MELBOURN

H""""""”VIC Av. load 5700MW

Portland

TAS: Av. load 1200MW

Waolnarth r

Valley

Ggg Capacity 11,000MW

Gen Capacity SOOOMWm:.m\, .?ufg?;:h

Qineras:s ARPMONS: ARD

w HOBART


http://www.aemo.com.au/

Some potential network issues, implications

= Likely more a Q of economic & commercial, rather
than technical feasibility

= Key questions
— Which technologies
— Where? In particular, more centralised or decentralised
— Under what types of operational arrangements

= RE integration implications for Tx and Dx
— Local - ‘more of the same’ and more

— Regional — going beyond current valuable lessons,
System — Some important new challenges
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new NEM regions to consider
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Synopsis

> A ten year raadmap for 100% rerewable energy
> Baselvad erergy supplied by renewable sources
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UNSW - Elliston, Diesendorf & MacGill, 201 1...

Custom Simulation Tool: eg. upply and Demand for a Typical Week in
Summer 2010 — Baseline Simulation

(Elliston et al, Energy Policy, 2012) sseety/demand for the Nations! Electricity Market (2010)
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Technical feasibility?: Supply and Demand for a
Challenging Week in Winter 2010 — Baseline Simulation

. . Supply/demand for the National Electricity Market (2010) - unserved
(Elliston et al, Energy Policy, 2012) %r— Siotend
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Economic feasibility? Simulation extensions &Search

Cost model — using AETA (BREE, 2012)
2030 projected annualised capital cost ($/kW/yr)
Fixed O&M ($/kW/yr) and Variable O&M ($/Mwh) \
Optionally including ‘high level’ indicative Tx %\a f 1‘%
"/

Regional model 5
Each “generator” assigned to a region / o by
Dispatch algorithm region-aware %
Tracks hourly energy exchanges N )
between regions \gu/,-w /_fmwy)\ ehsw
Search algorithm e

genetic algorithm seeks mix of technologies and locations to e
minimise overall industry annualised (capital and operating) cost
(including cost of USE)
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Preliminary findings

A$b/yr for AETA high and low

technoloqgy cost scenarios
Without With ® Wind

transmission transmission (Elliston et al, Energy Policy, 2013) E PV
. . CST
cost cost cost cost .
By capacity By energy = Hydro

GTs

+ 8.8 TWh

Low tech.
Current NEM costs spilled

approx. $10b/year. At % k ‘

carbon prices of $50-

100/tCO2 100%

renewables costs can wigh tech. +24.9 TWh
be lower cost than cost spilled
‘replacement’ scenario

Renewables in Australia
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AEMO 100% Renewables Study, 2012-13

60,000 - New load shape peak Traditional load shape peak
assuming flexible demand —™= ” (A MO, 2013)
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Demand data Generation data Storage data

Probabilistic
modelling

Time
sequential
~~modelling_

Operations review Transmission review

Results

SYDNEY « AUSTRALIA

-AEMO Network considerations

Transmission data

...............

Unserved energy
(USE) + storage check

(AEMO, 100% RE Study, 2013)
3.4 Operational and transmission assessments

The modelling assumed that the existing transmission system was available in all four cases. The
transmission assessment investigated what additional transmission assets would be required to
transport the modelled generation from where it is produced to the load centres at the lowest
overall cost. This investigation explored both new transmission lines as well as upgrades to the
existing transmission system.

The operational assessment considered a range of technical issues including frequency control
and system inertia. Operational assessments also aimed to identify any generation mix
adjustments likely to be required for system security purposes.
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AEMO 100% RE - least cost capacity mix

Scenario 1: Rapid transformation and moderate growth—this scenario assumes strong
progress on lowering technology costs, improving demand side participation (DSP), and a
conservative average demand growth outlook in the lead up to the year being modelled.

trends in lowering technology costs, moderate DSP, and robust economic growth in the

Scenario 2: Moderate transformation and high growth—this scenario assumes current .
lead up to the year being modelled.

(AEMO, 100% RE Study, 2013) -
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MO 100% RE - least cost generation mix

Re— 400 -
" (AEMO, 100% RE Study, 2013)
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Both AC and HVDC transmission options were considered. Except for the connection between
Victoria and Tasmania, all options were based on either AC transmission or HVDC transmission
exclusively. In the case of Victoria and Tasmania, additional new interconnections, HVDC
submarine cables and short connection of AC transmission lines were applied. The voltage level
included for AC options was 500 kV and for HVDC, +/-500 kV.

The advantage of AC transmission is its ability to connect renewable generation and/or load along
the transmission route with relatively low connection costs. The disadvantage is that long distance
AC transmission lines pose system and voltage stability issues. These issues were overcome by
introducing additional, intermediate switching stations, series compensation and shunt reactors.

For HVDC transmission, at least one intermediate terminal station was included to accommodate
new renewable energy sources along the route. Most of the HVYDC transmission around the world
is either point-to-point or back-to-back HVDC systems. Presently, application of HYDC technology
with one intermediate terminal station is available and development of multi-terminal HVDC
technology is undergoing further advancement in this area.

(AEMO, 100% RE Study, 2013)

AC transmission

— HWDC transmission
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J ’Scenario 1 Scenario 1 Scenario 2 Scenario 2
2030* 2050* 2030* 2050*

Rooftop PV $18 billion $36 billion $17 billion $23 billion
Generation (excluding rooftop PV) $171 billion $209 billion $208 billion $276 billion
New generation connection $8 billion $11 billion $10 billion $13 billion
New transmission corridors $22 billion $28 billion $17 billion $21 billion

Total $219 billion | $285 billion | $252 billion | $332 billion
(AEMO, 100% RE Study, 2013)

' Scenario 1 Scenario 1 Scenario 2 Scenario 2
2030 2050 2030 2050
($/MWh) ($/MWh) ($/MWh) ($/MWh)

Total wholesale 111 112 128 133
Current wholesale (2012 estimate) 55 55 55 55
Additional wholesale 56 57 73 78

Additional transmission 10 10 6 6
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do estimated costs compare?

(Riesz et al, CEEM Submission to 100% RE Study, 2013)

@ Treasury -No carbon price

Present @

@ Treasury: 550ppm

CSIRO (Low, Medium, High fuel prices)

@ Treasury: 450ppm

AEMO 100% Renewables Scenarios
(original, with trajectory costs)
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« Higher levels of non-synchronous generation causing more extreme frequency deviations.
« Keeping renewable generators connected to the transmission during system disturbances.

« Addressing transmission network fault level assessment and system protection design to
handle higher levels of non-synchronous generation.

« Using peak dispatchable resources (pumped hydro, bio, CST) to manage the increase in
extreme operational variability.

« Redefining 'reliability contribution’ for non-dispatchable resources (PV, wind, wave).
(AEMO, 100% RE Study, 2013)
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Operational review — eg. Inertia

The synchronous nature of renewable sources such as concentrating solar thermal and geothermal steam
turbines, biomass gas turbines and hydro-turbines means that they will contribute inertia to the system. In
contrast, the power electronic characteristics of both PV and modern wind turbine generators (WTGs) are
inherently asynchronous in nature and do not naturally provide any inertial support to the interconnected
system during frequency disturbances. Older squirrel cage induction machine (Type 1) and variable rotor
resistance (Type 2) based WTGs may have a limited natural inertial response, but it is expected that most
future wind farms will be of the doubly-fed induction machine (Type 3) or full converter (Type 4) nature.
Though all Type 3 and 4 WTGs are highly controllable and have a significant stored kinetic energy
component in the rotating blades, this is (usually) not accessible to the wider synchronous system due to the
power electronics interface and control schemes that they use. PV has no natural rotating-machine stored
energy component at all, and thus cannot offer inertial support in the traditional sense.

High wind power and PV output will displace significant amounts of synchronous generator inertia in the
dispatch, while not contributing any of their own to replace it. This will make frequency control more
challenging. If comprised of significant amounts of such non-synchronous generation, the future NEM power
system may be routinely subject to larger frequency deviations following disturbances than are observed at
present. Both the initial rate of change of frequency (ROCOF), and indeed the maximum deviation of
frequency from nominal, will be more extreme in such a low synchronous-inertia system. These two indices
are linked of course (faster initial ROCOFs generally tend to lead to larger absolute deviations), but are
separately important.
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An alternative, more engineering oriented, answer
-- “That depends...”

AIE - shock of the new 31




