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Glossary
bagasse sugar cane waste

biomass organic materials such as crops, forests, grasses and waste

capacitor an electronic component that has the ability to store electric charge for a short period of time

capacity the amount of energy generated for any length of time. This map indicates capacity as a megawatt (MW).

direct employment fulltime equivalent of employment hours (FTE)

drillhole a hole drilled into the ground to investigate the subsurface material

energy the ability to do ‘work’ or to ‘make something happen’. It can exist in different forms, such as thermal (heat), 
kinetic, electrical, chemical and potential (stored). Energy is measured in joules.

global solar exposure the total amount of solar energy reaching the Earth’s surface

kinetic energy the energy of an object that is moving

mechanical energy energy associated with movement, or kinetic energy combined with potential (stored) energy

photovoltaic (PV) an electronic process that generates electricity in a material directly from sunlight

spatial resolution measure of the accuracy or detail of an image or data

transmission the movement of electricity along transmission lines once it leaves the power station

Electrical units of measurement

joule (J) the unit for measuring energy of all types

volt (V) unit of measure for electromotive force, the electrical potential between two points

kilovolt (kV) one thousand (1000) volts

watt (W) a measure of the flow rate of electricity, equivalent to one joule of energy per second

kilowatt (kW) one thousand (1000) watts

megawatt (MW) one million (1 000 000) watts

gigawatt (GW) one billion (1 000 000 000) watts

gigawatt hour (GWh) the standard unit of electrical energy. It represents the consumption of one gigawatt over one hour.

Renewable energy

Renewable energy is energy obtained from natural 
resources that can be constantly replenished. These maps 
show the sources of renewable energy in NSW – sunlight, 
wind, waves, biomass, water and heat from the Earth. All of 
these sources have been used by people for centuries to 
provide energy as heat or mechanical energy. Beginning in 
the late 19th and early 20th centuries, we have developed 
technologies to harness these sustainable, inexhaustible 
and low-emission sources to generate electricity and they 
will play an increasingly important role in electricity 
generation throughout the 21st century. With abundant 
world-class renewable energy resources, New South 
Wales is well placed to make this transition.
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Small-scale solar photovoltaic systems, commonly known 
as rooftop solar, having less than 100 kW in capacity, are 
usually installed on residential and commercial buildings, 
and are designed to consume the energy produced. In 
2017, 43 078 homes and businesses in NSW installed 
small-scale solar systems, this is a 45% increase on the 
previous year. At October 2018 the total number of 
rooftop solar installations was 442 908, with a capacity 
of 1720 MW, which is approximately 9% of total existing 
capacity from all generation types in NSW.

Approximately 17% of dwellings in NSW have installed 
small rooftop solar. The Lismore postcode area has the 
highest number of installations in NSW at 6220 installations 
with a total capacity of 22 183 kW, however the Narrabri 
postcode area has one of the highest percentages of 

The contribution of renewable energy sources to meet 
NSW’s electricity needs is growing. In the five years to 
2018, the share of wind and solar in the NSW electricity 
generation mix tripled. The NSW Government supports 
private-sector led investment in new energy projects 
to help deliver a secure, affordable and modern 
energy future for the state. The government welcomes 
investment in energy projects as it boosts job growth, 
diversifies income streams in regional areas, and helps 
meet the state’s energy needs.

dwellings with rooftop solar, currently over 50%. NSW is 
expected to have strong growth in the uptake of small-scale 
solar. Installed capacity is projected to be 7.6 GW by 2036–
37, the highest of any region in Australia.

The popularity of rooftop solar is already having an impact 
on the electricity market, significantly reducing demand 
(and wholesale electricity prices) in the middle of the 
day and moving the time of peak demand to later in the 
day. These changes are providing challenges to AEMO in 
managing supply and demand across the network.

The falling cost of solar panels has led to an increase in the 
size of the systems installed – the average system capacity is 
now 7 kW, up from 2.5 kW 4 years ago.

NSW has rich renewable energy resources and strong 
investor interest in new energy projects. In November 2018, 
there were almost 90 renewable energy projects, totalling 
around 18 500 MW, either approved or progressing 
through the NSW planning system. These projects 
represent an impressive $26 billion in potential investment 
in NSW and if built could deliver enough energy to power 
all NSW households.

Energy storage
Since the discovery of electricity, we have sought 
effective methods to store that energy for use on 
demand. Over the last century, the energy storage 
industry has continued to evolve and adapt to changing 
energy requirements and advances in technology.

Various technological approaches have been applied 
to managing and storing our power supply in order to 
create a more resilient energy infrastructure and bring 
cost savings to utilities and consumers. There are six 
main categories currently being used for energy storage 
around the world:

• pumped hydro-power — creating large-scale 
reservoirs of energy with water

• solid state batteries — a range of electrochemical 
storage solutions, including advanced chemistry 
batteries and capacitors

• flow batteries — batteries where the energy is stored 
directly in the electrolyte solution for longer cycle life, 
and quick response times

• thermal — capturing heat and cold to create energy on 
demand

• flywheels — mechanical devices that harness rotational 
energy to deliver instantaneous electricity

• compressed air energy storage — using compressed 
air to create a potent energy reserve.

net consumer of electricity, due to hydraulic and 
electrical losses incurred in the cycle of pumping from 
lower to upper reservoirs. However, these plants are 
typically highly efficient (round-trip efficiencies >80%) 
and can be beneficial in terms of balancing the load 
within the overall power system. Pumped-storage 
facilities can be very economical due to differences in 
peak and off-peak prices and their ability to provide 
critical ancillary grid services.

1168 MW
total capacity (2016)

1429 MW
total capacity (2017)

261 MW
of roo�op solar installed (2017)

6494 MW
operating

1.5 m
homes powered
includes Snowy Hydro

1088 MW
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530 k
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5707 MW
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2.6 m
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12 880 MW
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6 m
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includes Snowy Hydro 2.0

Pumped hydroelectric storage facilities store energy as 
water in an upper reservoir, pumped from another reservoir 
at a lower elevation. During periods of high electricity 
demand, power is generated by releasing the stored water 
through turbines in the same manner as a conventional 
hydro power station. During periods of low demand, the 
upper reservoir is recharged by using lower-cost electricity 
from the grid to pump the water back to the upper reservoir.

Reversible pump-turbine/motor-generator assemblies can 
act as both pumps and turbines. Pumped storage stations 
are unlike traditional hydroelectric stations in that they are a 

This map shows total rated output from small-scale solar 
photovoltaic systems for each postcode district in NSW and the 
ACT. It is based on postcode data for small-scale installations from 
the Clean Energy Regulator and is current at 31 October 2018. Only 
systems defined as small generation units with less than 100 kW in 
capacity have been used.

This map shows the status of renewable energy projects with a 
capacity of 5 MW or larger. Projects are either operational, under 
construction, have planning approved or have applied for planning 
consent. Data on the map is current at November 2018. For further 
details on the planning status of major projects see 
www.majorprojects.planning.nsw.gov.au

The opportunity score shown on this map ranks the suitability 
of areas for pumped hydro based on numerous criteria. It was 
determined by analysing 20 000 individual reservoir sites 
based on 36 different constraints, combined into 11 criteria. To 
ensure suitability for large transmission scale pumped storage 
development, a matched pair of upper and lower reservoirs 
that meet minimum technical, commercial and environmental 
conditions is required. These include:

• a minimum reservoir size of 1 gigalitre (1 billion litres)

• a minimum head of 300 m between upper and lower reservoirs

• reservoirs within Biophysical Strategic Agricultural Land, National 
Parks and World Heritage Sites were excluded

• reservoirs within 50 m of rail infrastructure, motorways and 
primary roads were also excluded as they are not commercially 
viable.

Each site was given a possible score of 0, 1 or 2 for each of the 11 
criteria. To map the comparative level of opportunity across the 
state all the reservoir pairs were allocated into 12 km hexagonal 
cells which show the average opportunity score for each site. 
Based on the distribution of reservoir pairs the six regions — North 
East, Upper Hunter, Central West, Illawarra, Riverina and South East 
— were derived.

Potential geothermal energy is shown on the map by estimating the 
temperature 2 km below the surface. Estimates are calculated from 
drillholes with temperature measurements taken more than 250 m 
deep that, when extrapolated to 2 km depth, result in temperatures 
greater than 30°C.

Outcropping granites, which are exposed at the surface, and 
undercover granites, which have been interpreted from gravity and 
magnetic surveys, are also shown on the map. The outcropping 
granites may contain very low levels of uranium, thorium and 
potassium which decay over millions of years, generating heat as 
a by-product but posing no health or environmental risk. When 
this heat becomes trapped under overlying rocks, it is a potential 
geothermal energy resource.

Copyright Snowy Hydro Limited. Only to be reproduced with the prior permission of Snowy Hydro Limited.

The Shoalhaven Scheme is a dual-purpose water 
supply and hydro-electric power generation scheme 
located in the Southern Highlands–Kangaroo Valley 
region south of Sydney.

It was constructed during the 1970s to provide 
additional water supply for Sydney and consists of 
a series of water storage reservoirs, tunnels, canals, 
shafts, pipelines and combined pumping/power 
generating stations.

During periods of high electricity demand, water is 
released from the Fitzroy Falls Reservoir, falling 480 m 
via a series of canals, shafts and tunnels, to Kangaroo 
Valley Pumping and Power Station and Bendeela 
Pondage at the foot of the escarpment. From here the 
water falls a further 127 m via a pipeline to Bendeela 
Pumping and Power Station and Lake Yarrunga.

When electricity demand and prices are low the water 
is pumped back from Bendeela Pumping and Power 
Station to Bendeela Pondage and further uphill to 
Fitzroy Falls Reservoir.

The Kangaroo Valley Pumping and Power Station has 
two 80 MW pump turbines and Bendeela Pumping 
and Power Station two 40 MW pump turbines. 
Power is fed into the national electricity grid via the 
330 kilovolt (kV) Canberra–Dapto transmission line.

Pumped hydro complements renewable energy 
because it can dispatch to the grid in under 3 minutes, 
making it one of the fastest generating sources 
to dispatch. It can also take advantage of times of 
excess electricity generation, which is likely to occur 
more often in the future, with a higher penetration of 
renewable energy sources such as wind and solar.

The Shoalhaven Scheme has plans to expand, 
potentially doubling generating capacity to nearly 
500 MW. Construction is expected to commence  
in 2019.
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Cross-section of Shoalhaven pump storage hydro

Tumut 3 Power Station.

Bendeela Pondage with Kangaroo Valley 
Pumping and Power Station in the background.

Case study: the Shoalhaven Scheme


