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A high penetration (92% - 100%) renewable energy scenario was modelled using the open source SIREN and Powerbalance software (Sustainable Energy Now,
2017). This document contains graphs of hourly generation and demand for this scenario, for every month of 2014, showing percentage of fueled generation.
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Summary of technologies and costings
The standby fast response turbines modelled in this scenario can be fuelled
with gas, bio-liquid or bio-gas fuel. Using gas, this scenario is 92% renewable
energy. Substituting more expensive bio-fuels for gas makes it 100%
renewable energy, increasing the LCOE from $129 to about $138/MWh. The
fuelled turbines were costed as per BREE 2012**, which assumes a gas price
of $11 per MJ. The LCOE of fuelled turbines varies according to the yearly
generation. Fixed and capital costs are calculated per MW installed and
variable (fuel and operation) costs are per MWh generated.
Battery storage of 8,000 MWh is assumed to be the maximum plausible
amount of storage that would be installed ‘behind the meter’ and in gridconnected micro-grids. The cost of the battery systems is assumed to be
borne by consumers and the $40/ MWh cost to the grid is a nominal subsidy
similar to the long term cost of LGC’s in the current RET scheme.
The 40,000 MWh pumped hydro storage would be mainly pumped ocean
hydro located north of Geraldton and or east of Albany, utilising large ponds
excavated on coastal scarps enabling heads of 110 – 140 m to be achieved.
Up to 8000 MWh would be achievable on water supply dams close to Perth.
The LCOE of pumped hydro varies according to the yearly generation. Fixed
and capital costs are calculated per MW installed and variable (operational)
costs are per MWh generated. Technology costs were derived from pumped
hydro costings outlined in NREL, 2012* adjusted up for the Australian dollar
and to additional harbour and pondage works.

Renewable energy technology LCOE’s assumed in the costing of the scenario
were as follows:
Wind
PV, rooftop
PV, fixed, utility
‘Behind meter’ Battery

$75
$60
$69
$40

All RE generation, including surplus spilled is costed and included in the
weighted average LCOE.
Summaries of the scenario capacities and performance can be found on page
2. A screenshot of the modelled scenario is on page 3.
Hourly generation and load graphs for each month of 2014 are on pages 4 to
9.
Note: The modelled scenario is in the ‘Universal Powerbalance….’ workbook,
worksheet titled ‘W6PV4.3-BMBsubs-PHS-OCT’. It can be downloaded from
the SEN website.

* National Renewable Energy Laboratory, 2012. Cost and performance data
for Power generation Technologies
** BREE. 2012. Australian Energy Technology Assessment. Canberra,
Australia: Commonwealth of Australia

Pumped hydro is desirable but not necessary. The same amount of wind and
PV generation could be utilized without the pumped hydro, decreasing the
LCOE but increasing fuelled turbine generation. The increased fuel usage
would mean more exposure to risk of fuel price rises.
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Scenario capacity summary
Energy source

Capacity (MW)

Wind

6,000

PV rooftop

1,000

PV tracking

3,300

Fueled turbine

3,000

Demand side management
Storage

LEGEND

460
Capacity (MW / MWh)

Battery

2,000 / 8,000

Pumped Hydro

900 / 40,000

Scenario performance summary
Percent CO2 emissons

7.2%

Percent Renewable Energy

92.0%

% fueled turbine

8.0%

% RE passing through PHS storage

4.6%

% RE passing through BM battery storage

5.6%

Surplus generation MWh

35.1%

Annual load MWh
Weighted Average LCOE

23,324,029
$128.64
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Screenshot of the Powerbalance scenario W6PV4.3-BMBsubs-PHS-OCT
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Interpreting the graphs

Recommended policies and actions

On an annual basis about 82% of demand (dark red line) is supplied by direct
renewable energy generation (yellow). A further 10% is renewable energy
passed through battery and pumped hydro storage, leaving 8% to be supplied
by fuelled turbines.

1. Renewable electricity will provide many more jobs than fossil fueled
generation; the relative job numbers should be quantified.
2. The current electricity spot market mechanism needs to be adapted to a
structure appropriate for RE, based on power purchase agreements.
3. Gas supply through pipelines to standby turbines will present difficulties
in that large amounts are required in short bursts during autumn and
winter while little or none is required during summer and spring.
Purchasing pipeline capacity to supply up to 3000 MW of generation
during those short periods would be expensive and may not be cost
effective. A solution to this problem is to store a large portion of fuel
requirements in liquid fuel tanks located near the turbines.
4. The use of multiple types of fuels does not present a problem if the
appropriate type of turbine is installed. ‘Aero-derivative’ open cycle gas
turbines (OCGT’s) can be fuelled by a variety of gaseous and liquid fuels.
Diesel is one liquid fuel option but it is expensive and must be imported
5. Bio-oil produced by pyrolysis of woody biomass is another proven bio-fuel
technology suitable for the turbines. Sufficient biomass could easily be
sourced sustainably from less than 10% of the WA agricultural region. As
this promises to be a more secure and possibly cheaper option than
diesel, it should be planned and developed.
6. Detailed studies are needed to determine the relative costs of molten salt
and pumped hydro storage, and the optimal amounts of each type of
storage. Suitable sites need to be identified and secured for these
purposes and installation of storage commenced as RE generation
increases.
7. Commercialization of electrolytic hydrogen fuels using cheap surplus RE
should be a high priority.

During spring and summer months, battery (purple) and pumped hydro
storage(blue) supply shortfalls during nights with low winds. Less than 1% of
generation is fuelled (pink) during these months.
During winter (4 months May – Aug), fuelled generation supplies 13 – 23% of
demand. There can be 2 weeks of consecutive nights with low wind
conditions. Solar generation during the short cloudy days is also low, leaving
little or no energy to recharge storage. In these conditions, fuelled generation
may be required for 20 – 90% of the load during up to 12 consecutive nights.
Solar is sufficient to supply all demand during the middle of the day for all but
several days of winter.
There is significant surplus generation (dashed red line) for more than 150
days of 2014. It amounts to 35% of total demand, is most frequent in summer
and spring and highest on windy days. Most of it may be spilled (wasted) but
if it were bought by energy intensive industries at a low price, this would
reduce the scenario LCOE.
Implications for energy planning and policy
Wind and Solar PV are mature technologies which can substantially power
electricity grids in Australia. Standby generation can be effectively provided
by battery, pumped hydro and molten salt storage and fuelled fast response
turbines, all of which are also mature technologies.
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