_—
e Centre for Energy and UNSW
——= .
Environmental Markets T s o N s s

Possibilties fof 100% renewables

in Australia’s electricity sector

lain MacGill How and when can Australia

Associate Professor, School of Electrical go 100% renewable?
Engineering and Telecommunications

Joint Director (Engineering), CEEM AIE Sydney Branch Meeting

12 May 2014




Growing interest in future high RE electricity sector

= Many drivers including
— climate change and other environmental impacts
— energy security (most countries see fossil fuel $ as economic liabilities)

— falling costs for some key renewable technologies, deployment success
— poor progress with some of the ‘alternatives’

= Some key questions

— Technical feasibility? — can high (even 100%) renewables mixes utilizing

highly variable and somewhat unpredictable solar and wind reliably meet
demand at all times and locations

— If yes, is it an ethical course of action and will if facilitate broader
sustainability objectives

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

— If yes, how might we get there and what is required now
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‘Some (but not all) key RE technology costs falling
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Non-climate enviro
Impacts also becoming
key drivers

“China’s State Council has announced that
it is banning the construction of new coal-
fired power plants near Beijing, Shanghai
and Guangdong. The goal is to cut air
pollution in the country’s eastern
megalopolises. The hope is that by 2017
Beijing residents will be breathing in 25%
less fine particulate matter than in 2012.”

Planned coal capacity retirements 2013-2022
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http://abcnews.go.com/International/wireStory/china-bans-coal-fired-plants-regions-20232209

An elephant in the room — Climate Change

= Currently a lack of domestic and international progress,
apparent loss of public and political interest and will in
some jurisdictions
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Climate protection requires major global...
and hence Australian emissions reductions

GHG Emission Pathways 2000-2100: All AR5 Scenarios
(IPCC, 2014)
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With major job ahead for electricity sector

Direct Sectoral CO, and Non-CO, GHG Emissions in Baseline and Mitigation Scenarios with and without CCS

(IPCC, 2014)
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FIGURE 5. GLOBAL NEW INVESTMENT IN RENEWABLE ENERGY BY
SECTOR, 2013, AND GROWTH ON 2012, $SBN

Environmental Markets Growth:

RE one of the few emission "

reduction successes to date ... n-

... although progress may be :
faltering and still a long way to go crarms |

Other key success is falling demand

I n SO me O EC D Cou ntrles FIGURE 23. RENEWABLE POWER GENERATION AND CAPACITY AS
A SHARE OF GLOBAL POWER, 2007-2013, %
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AIE Forum - 100% RE for the Australian electricity sector




Taking a longer-term perspective, 100%

renewables a question of when.. and how

= Our only technically feasible truly long-term option
= ... although seemingly plenty of fossil fuels, other options

energy scale
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Historical production .
through 2005 Production 2005 Reserves Resources
[EJ] [EJ] [EJ] [EJ]
Conven tional oil 6069 147.9 4900-7610 4170-6150
Unconven tional oil 513 20.2 3750-5600 11,280-14,800
Conventional g 3087 89.8 5000-7100 7200-8900
Unconven tional gas 13 9.6 20,100-67,100 40,200-121,900
Coal 6712 123.8 17,300-21,000 291,000-435,000
Conventional uranium® 1218 24.7 2400 7400
Unconven tional uraniu m 34 7100
(Global Energy Assessment, 2012)
muscle and firewood
0 % | | | | | |
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Y€ar  (Murphy, http://physics.ucsd.edu/do-the-math/, 2012)
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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.

AIE Forum - 100% RE for the Australian electricity sector
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Some alternatives struggling at present

CARBON CAPTURE AND STORAGE

CCS is another area of technology that could help
to curb emissions, if applied to coal- or gas-fired
power stations or to carbon-intensive industrial
plants such as cement works. Progess with carbon
capture has, however, been disappointing in recent
years. Five projects at demonstration scale (1MtCO2/
yr) have started construction or operations but this
is still short of 2005 G8 targets of 20 operational
projects by 2020.

In 2013, investment fell to just $1.8 billion, down
59% from 2012’s $4.3 billion. Last year’s total was
split between government and corporate R&D
spending, steady at $1.6 billion, and asset finance,
at just $128 million compared to $2.7 billion the
previous year.

(BNEF, 2014)
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AIE Forum - 100% RE for the Australian electricity




| ———
Y
E—
[ ]

Centre for Energy and
Environmental Markets

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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AIE Forum - 100% RE for the Australian electriciljy%ector
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echnical feasibility: ‘what i

Nordie

‘exists is possible’

wind a significant contributor in o
“growing number of electricity e

o o World

Industries around the world : 0 = o w0

“Nordic Energy Research 2012. Source: Eurostat/Orkustofnum 2010
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AIE Forum - 100% RE for the Australian electricity sector
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http://www.aemo.com.au/

Technical feasibility?: simulations based on hourly
estimates of RE availability across the NEM versus
demand — eg. a challenging Week in Winter 2010

(Elliston, 2012)
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Economic feasibility - 100% RE findings

AS$b/yr for AETA high and low " 2013

technology cost scenarios

Without With ®  Wind
transmission transmission m PV

. . CST
cost cost cost cost .
By capacity By energy = fydo

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

AIE Forum - 100% RE for the Australian electricity sector




—
‘;- Centre for Energy and UNSW

Environmental Markets e Do et s

SYDNEY ©« AUSTRALIA

Addltlonal scenarios for comparison
CCGT: conventional CCGTs plant, existing NEM, OCGT
= CCGT + CCS: as above with CCS on CCGTs

= Coal + CCS: supercritical pulverised black coal with post-combustion
CCS, existing hydro, OCGT

30 - $56 «
_ 0 a O ‘o u] 2 ®
%" 25 |
#r * ¥ § : X * z - z
mM * - - v ¥
E' 20 ... ; _____________________________________________ PP RE100
™ + :
E +
e 15 +
©
=
S 10}
=T

5 | | | 1 | | | 1

0 20 40 60 80 100 120 140

Carbon price ($/t CO5>-e)
(Elliston, Renewable Energy, 2013)

CCGT ($9/G)) + CCGT-CCS ($12/G)) o

CCGT ($12/G))  x c0al-CCS ($9/G))  +
AIE Forum CCGT-CCS ($9/G))  *
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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) -

= Biogas
. m Hydro (incl. pumped hydro)
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Wind
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ey m Geothermal

(AEMO, 2013)
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paring 100% RE versus other options

| 300
:.: 250 @ Treasury - No carbon price
O
(@)
g 200 Present @
2 @ Treasury: 550ppm
@)
A 150
|.|E.| CSIRO (Low, Medium, High fuel prices)
A o © ®
8 100
-E @ Treasury: 450ppm
[}
[}
| .
o 50
AEMO 100% Renewables Scenarios
(original, with trajectory costs)
_________________ ’
O I I I [ I . [ ._______‘_,_T.’.. 1
0 20 40 60 80 100 120 140 160

(Riesz, 2013) Wholesale cost ($/MWh)
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Does high RE add or reduce risk?

1221 .
i 23%Coal (11GW)
Year 2030 0% PV, 6% Wind (3GW), 16% Hydro (7.7GW), INCC (266W)
120+ 77% Fossil (37GW)
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18 B 17% Wind (9GW) 46%CC (22 GW)
34% Wind (34GW) 14% Hydro (7.7GW) 0%0C
RISl 8% Hydro (7.7GW) 60% Fossil (33GW) :

26% Fossil (27GW) ; 38%CC (18), g 38%Coal (18GW),
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E 114F swcoal 56w, i OC (4GW)
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108+ 14%CC (14GW) b 0%0C
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(Forrest 2013)
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South Australia registered generation capacity  Electricity generated in 2012-13 by energy source

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

292 (AEMO, o7
12 2013) % 3483
o i 223

Rooftop PV* 400 % 497

Landfill methane/ 16 A% 55

landfill gas
5 o0 o

Percentage of total
52%
21%
17%
4%
<1%

<1%

<1%
100%
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ow to get there? Better understand how markets are
respondlng to renewables already present

Figure 4 Indicative RET costs for residential and small business consumers for
different assumptions on pass-through of merit order effects
WRET costs mMO effect aMet effect
400 4
s (Cludius, 2014)
400
3.00 4
2.00 4
F=3
210
&
0.00 + .
0% MO 1
-1.00 4
’2.00 4
-3.00 | 201112 | 201213 Ji
-4.00 Y Y
Figure 5 Indicative RET costs for industry with 0% RET exemptions for different
assumptions on pass-through of merit order effects
mRET costs mMO effect  aNet effect
1.00
0.50
0.00
0’% MO 0% MO
-0.50
=-1.00
z
150
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stions of future market design for high RE

Unit Renewables
commitment fully participate
self-managed in market

Sophisticated
Single platform frequency
(no day ahead) ancillary
services market

Strong price
signals for
flexibility

Minimal
integration Energy-only
issues

Single balancing
area

(Riesz, 2013)
AIE Forum - 100% RE for the Australian electricity sector
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Some real retal

competition with PV

Capacity|Proportion of dwellings

el (l::l’lw)ty :Tth Solar Power :
ACT 14,000 38 10%
NSW 252,000 633 10%
NT 3,000 11 4%
QLb 360,000 986 22%
SA 160,000 450 25%
TAS 18,000 55 9%
VIC 201,000 532 10%
WA 145,000 334 18%
National 1,157,000/ 3,039 14%

(from www.renew-
economy.com.au)

Cash flows due to addition of PV under GM

Follow the mone

PV exports
Retail
---contribution:--
to SBS FIT
SBS FiT from CCF CCF levy minus

Assignment of

5B5 FiT costs

AIE Forum - 10(

HPVe: Househaold PV customers

R: Electricity retailers

NSP: Network service providers

Installed PV and average system size
(Noone, 2013)
MW
1500 2
1.5
1000
1
500 05
0 T T T T T T T T T 0
lan- Jul-09 Jan- Jul-10 Jan- Jul-11 Jan- Jul-12 Jan- Jul-13
09 10 11 12 13
=== |nstalled capacity (LHS) Average new installation size (RHS)
Cash flows due to addition of PV under NM
_ Wholesale Assignment of
: market savings PV exports
E Electricity
: Electricity bill network
: savings bill savlngs
.. Retailer FiT
: net:FiT savings in green
' cbligations
(O//va, 2014)

G Generators

Gov: N5W government 24
AlleC: All electricity customers
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| m art grl dS an d Dem an d_ SI d e 4.308Global cumu!z:ive smart meterzizsp:?ecll::tions
Participation can improve
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4.5 Smart grid technologies

Generation  Transmission  Distribution Industrial Service Residential

Wide-area monitoring and control

46 million 285 million 1 billion

Information and communications technology (ICT) integration
Renewable and distributed generation integration

Transmission enhancement applications

FIGURE 27. NEW INVESTMENT IN ENERGY-SMART TECHNOLOGIES,

Distribution grid management

2004-2013, $BN

Advanced metering infrastructure (AMI)

EV charging infrastructure 40 - (BNEF, 20 74)

Customer-side systems (CS) 35 - 338

My M6
Table 15.1 Emissions reductions and investment needs in the 2DS, by technology 30 -

7
26.6
CO, savings Cumulative CO, savings Investment needs 25 -
sector  (JEA, 2012) (Gt (Gt) (USD trillion) 205
2050 2010 to 2050 2010 to 2050 20 - 178

Power generation 154 131 130 M3
Bioenergy for heat and power 1.7 20.4 0.5

10
CCS in power generation 33 57.0 26
Concentrating solar power 1.7 225 26 5
Geothermal for heat and power 0.5 7.1 13 fgl—a_= . - . . . .

2004 2005 2006 2007 2008 2009 2010 20M 2012 2013

Y Government R&D

¥ Corporate R&D

®Pyblic markets
IWCIPE

¥ Asset finance

High efficiency, low emissions coal n.a. na. 19
Hydropower 0.9 19.4 3.0
Asset finance includes smart grid and power storage only, excludes roll-out of efficiency
Nuclear 3.2 59.6 40 and advanced transportation products
Smart grids 1.7 36.4 5.0to0 6.0 Source: Bloomberg New Energy Finance
Solar photovoltaic (PV) 1.7 27.7 39 25

Wind 3.0 61.0 59



Potential policy implications

= Renewables will likely play the key role in any effective global
and Australian electricity supply sector response to climate
change

= ... and offer other potential benefits

= As such, require major, appropriately targeted and robust
deployment oriented policy support

= ... as do other potential options
= continuing, and expanding now

= ... and as renewable penetrations grow we need governance
arrangements to ensure appropriate energy market design,
regulation and policy frameworks that can manage the
challenges that will emerge
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Many of our publications are available at:
WWW.ceem.unsw.edu.au
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