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Climate Change Impacts on Energy

Average Temperature Increased demand for cooling, more frequent
Rise power blackouts, reduced efficiency in generation.

Changes in Rainfall Water availability, hydropower generation.

Changes in Extreme
WEEE]

Disruptions in energy generation and transmission.

Sea Level Rise Risks to infrastructure in vulnerable coastal areas.

AUSTRALIA




Renewable Energy In Australia

Australian electricity generation from renewable sources
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Renewable Energy In Australia

Australian electricity generation from renewable sources = o o Australian electricity generation fuel mix, calendar year 2017
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Solar and wind energy have huge potential in NSW

i J AUSTRALIA
[ 200wy e |



LETTER
@ CrossMark

The resilience of Australian wind energy to climate change

OPEN ACCESS
Jason P Evans"’ @, Merlinde Kay?, Abhnil Prasad’ and Andy Pitman'

RECEIVED 1

11 September 2017 ARC Centre of Excellence for Climate Extremes and Climate Change Research Centre, Biological, Earth and Environmental Sciences,

University of New South Wales, Sydney, Australia
School of Photovoltaic and Renewable Energy Engineering, University of New South Wales, Sydney, Australia
Author to whom any correspondence should be addressed.

(5]

REVISED
14 December 2017 3

ACCEPTED FOR PUBLICATION

9 January 2018 E-mail: jason.evans@unsw.edu.au

PUBLISHED
5 February 2018 Keywords: wind energy, regional climate change, economic costs, NARCIiM regional projections, Australia

AUSTRALIA




@ LETTER
CrossMark
The resilience of Australian wind energy to climate change

OPEN ACCESS
Jason P Evans"?@®, Merlinde Kayz, Abhnil Prasad' and Andy Pitman'

RECEIVED 1

11 September 2017 ARC Centre of Excellence for Climate Extremes and Climate Change Research Centre, Biological, Earth and Environmental Sciences,
September 2017 . . . . , - .

University of New South Wales, Sydney, Australia

REVISED

12 Docember 201 2 School of Photovoltaic and Renewable Energy Engineering, University of New South Wales, Sydney, Australia
4 December 2017 ’ ’ ’ ’

3 Author to whom any correspondence should be addressed.
ACCEPTED FOR PUBLICATION

P arv i oy o -
9 January 2018 E-mail: jason.evans@unsw.edu.au

PUBLISHED
5 February 2018 Keywords: wind energy, regional climate change, economic costs, NARCIiM regional projections, Australia

. L Calculate Levelized Cost of
NARCLiIM P
CL rojections Calculate Extractable Energy for 100MW Wind

12 Ensemble Members Wind Power usin F o lifeti £90
Present Day (1990-2009) ower curve forg |-' a'rmIV\cl:;' | (rI Imio( 'Zelars
Near Future (2020-2039) VFESTAS V90-3MW " omfrztagﬁisarfj e
Far Future (2060-2079) Per
maintenance)

, Compare historical Compare existing and
Extract winds -'

data (obs and MERRA) proposed wind farm locations

AUSTRALIA




10°S

20°S

30°Sj;

40°S

10°S

20°S

30°Sy

40°S

¥}2920-2039)-(1990-2009)

&

2

< QLD

Sw

Q)

10.05

T
110°E 120°E 130°E 140°E 150°E
(2060-2079) -

& R

(1990-2009)

2N ")

1-0.05

110°E 120°E 130°E 140°E 150°E

0.7

0.5

=
N
w

Change in EWP (10° MWh/y)

=0.25

Bl

AUSTRALIA



10°S

20°S

30°Sj;

40°S

10°S

20°S

30°Sy

40°S

(2020-2039) - (1990-2009)
v P ,

10.05

T
110°E 120°E 130°E 140°E 150°E

(2060-2079) -
AT e

o

(1990-2009)

£ |

1-0.05

110°E 120°E 130°E 140°E 150°E

0.7

0.5

=
N
w

Change in EWP (10° MWh/y)

=0.25

10°

1]

20°s

30°S

40°S

10°

(%]

20°s

30°s

40°S

.
1990-2009(C)  “ o 3 S

110°E 120°E 130°E 140°E 150°E

2020-2039(F) < % S

110°E 120°E 130°E 140°E 150°E

<75 75-100 100-1

25 125-150 >150
LCOE ($/MWh)

AUSTRALIA

[y e



] 1990-2009(C) [ 2020-2039(C) H 2060-2079(C) E 2020-2039(F)

Existing wind farms Proposed wind farms
250 The cost of future wind energy generation
l increases negligibly in the future in
200 T TT T regions with significant existing installed
capacity.

Technological developments in wind
[ | I energy generation more than compensate
o for projected small reductions in wind,

100
J T ll %é* decreasing the LCOE by around 30%.

LCOE ($/MWh)

&

s
Y
g1

501

NSW VIC SA NQLD CQLD sSQLD WA TA

AUSTRALIA




250

N
o
o

LCOE ($/MWh)
o
o

100

501

$250

$200

$150

$100

Levelised cost of electricity ($/MWh)

w
o
o

S0

Source: Indeﬁendent Review into the Future Securiti of the National EIectriciti Market

] 1990-2009(C) [ 2020-2039(C) H 2060-2079(C) E 2020-2039(F)

Existing wind farms

Proposed wind farms

T

1
-

ﬁq%ﬁéﬁ

[T

The cost of future wind energy generation
increases negligibly in the future in
regions with significant existing installed
capacity.

Technological developments in wind

energy generation more than compensate
for projected small reductions in wind,

decreasing the LCOE by around 30%.

92 9
79
70
61
I .

NSW VIC SA

109
87
87
93 % 81 81 g0
83
69 = 76 75 75 l

NQLD CQLD sSQLD WA TA

M Range
Average

145

135
o B H

. J

I
2020 2030 2050

I 1
2020 2030 2050

I 1
2020 2030 2050
Wind

Large-scale Solar Large-scale Solar

Photovoltaic Photovoltaic

with storage

2020 2030 2050

Solar Thermal
with storage

I I I

2020 2030 2050

1
2020 2030 2050

1 I
2020 2030 2050

I I
2020 2030 2050

Gas CCGT Gas OCGT

Supercritical coal | Ultrasupercritical
coal

$20/MWh carbon tax on coal would
make renewables more desirable and
feasible in terms of LCOE

2 UNSW

AUSTRALIA




Solar Energy

1

during daylight hours.The solar panels convert the
sun’s energy into Direct Current (DC) electricity
‘which is sent to an inverter.

Sunlight falls on high capacity solar panels !

Utility power is
continuously
provided at night
and during the day

when demand
exceeds solar
production.
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When the solar energy system chance of power
produces more electricity than is needed fluctuations that
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is automatically sentto the utility company
andthe electric meter actually runs
backwards!
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CMIP Projections for PV and CSP

CMIP3 HadGEM1; Cook et al. (2011)

HadGEM1: dark grey
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CMIP Projections for PV and CSP

CMIP3 HadGEM1; Cook et al. (2011)

(a) Regions (b) Change in surface temperature

HadGEMZ1.: dark grey

(6} Bt aneray outpik HadCM3: light grey
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How about regional changes?
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Assessment of
benefit/impact

Construction Cost
New plant construction cost for an equivalent
amount of generating capacity

Natural Gas

Conclusion

Coal + CCS

Natural Gas
+CCS

Nuclear

Solar PV

Solar Thermal
+ Storage

Cost of Electricity
Projected cost to produce electricity from a
new plant over its lifetime

3

Water Requirements
Amount of water required to generate
equivalent amount of electricity

¢00

CO, Emissions
Relative amount of CO, equivalent emissions
per unit of electricity

| 6|®

4

Waste Products
Volume and toxicity of waste products

Availability
Ability to generate electricity when required

Flexibility
Ability to quickly respond to changes in demand

More Favourable

-
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