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Backdrop: Wattle Point wind farm, York Peninsular, South Australia; photo by David Cook
(http://reneweconomy.com.au/biggest-battery-storage-array-mooted-for-south-australia-wind-farm-
15699/)

Foreground: A derelict 19th farm cottage in sheep grazing country is a stark reminder of past
unsustainable practices.
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TopicdEart hds sustainable futur

In this topic, students explore how increases in human life span and greater use of
scientific and technological knowledge have increased the global demand for energy,
water, and soil resourceslhey recognise why provision of geqdality fresh water and
groundwater at local and global levels will continue to be of high importance into the
future.

Students investigate how effective use of resources is constrained by factors such as waste
disposal, and the efficiency of energy technologi€key considehow the desire to use

more renewable sources to increase supply has generated discussion about the advantages
and disadvantages of renewable and ar@mewable resources, and changes in practice

that might lead to a more sustainable future.

Students explore the consequences of using various types of renewable energy resources,
and factors affecting the sustainability of soil, water, and energy resouiesy

investigate a range of aspects of soil, water, and energy use, and use-thitntahg skills

to evaluate data and develop logical solutions

NOTE TO TEACHERS:

These notes have been designed to elaborate o tssibleContextsprovided in the

Earth and Enviramental Sciencsubject outline.They are intended t@rovide further

ideas and links tteaching and learning resourctsat address theScience Understanding.
It isimportant to remember that yoare not expeatd to coveall of the material inclued.
Rather, these notes shouddS NI 3 | Ndw&yasbdi Hramlwhighandividual teachers
might pick and choose, according tetheeds andbilities of their students and according
to the context of their externally assei SR {W0F NJiKa { G dzR& Q




Science Understanding

Renewable resources include some that
are available regularly and others that
are replenished at time scales from
years to millennia.

1 Discuss the need for, and limitations
of, renewable sources of energy,
including biofuels, solar, wind, and
geothermal energy.

1 Determine whether a renewable
resource is either diminished or
sustained over time, given the
abundance of the resource and how
readily it can be replenished.

1 Investigate how the timescale required
to replenish a large groundwater
system, such as the Great Artesian
Basin, is influenced by the rate of
depletion of the system.

1 Discuss the sustainability of soil and
water at local, regional, and global
scales.

The availability and quality of fresh water
can be influenced by human activities,
and natural processes at local and
regional scales.

1 Discuss how stormwater run-off in
urban areas may be recycled for
community use so that it is not wasted
and does not pollute waterways.

1 Explain how overextraction of
groundwater from near-coastal aquifers
may cause inflow of sea water.

1 Explain how pollution of groundwater
can result from a variety of rural,
urban, and industrial activities.

Possible Contexts

Research the development of wind farms
in a chosen location (region, state, or
territory) and/or arrange a local visit to
report on current and proposed electricity
generation, costs of construction, and
ongoing maintenance needs.

www.earthsciencewa.com.au/mod/resou
rcelview.php?id=1104

Sketch or photograph examples of
dryland salinity or erosion to illustrate a
negative impact of human activity on
sustainability of resources.

Investigate how stormwater run-off
affects the sand budget at the coast.

Investigate the drains and bores in use in
areas that recycle stormwater run-off.

4

www.salisbury.sa.gov.au/Live/Environme
nt_and_Sustainability/Wetlands_and_Wa
ter/Wetlands

http://bhkcstormwater.com.au/

Collect, sieve, and microscopically view
soil samples to compare and report on
two or more soil types in a local district.

Evaluate the economic, social, and
environmental impacts of the use of
geothermal energy in energy production.

www.earthsciencewa.com.au/mod/resou
rce/view.php?id=1103

Discuss how urbanisation,
overextraction, pollution, siltation,
drought, and algal blooms affect the
availability and quality of fresh water.

www.mdba.gov.au/managing-
water/water-quality/blue-green-algae

www.water.nsw.gov.au/__data/assets/pd
f_file/0008/548621/algal_murray_stage
1_final_report.pdf
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Science Understanding

The effective use of energy resources is
constrained by factors including waste
disposal, and the efficiency of available
technologies to collect, store, and
transfer the energy.

1 Compare the advantages and
disadvantages of using renewable and
non-renewable energy resources.

Possible Contexts

Visit, or investigate online, a water
desalination plant, to research and report
on aspects of production, including the
energy used and cost.

Undertake research to design a
comparative table of soil types found
across a local district or region, to
compare soil fertilities, mineral source
rock types, and past and current land
use.

Investigate and report on the sources
and costs of water for domestic use at
studentsd own | ocal
may have changed over time. Obtain
data to calculate and report on the
volume of rainwater that falls annually on
a typical house roof in a local district

Evaluate the benefits and limitations of
using desalination of sea water to
provide a viable water resource.

Use different carbon calculators to
estimate individual carbon footprints and
investigate why different calculators give
different results.

Investigate how using the same scientific
knowledge in different scenarios can
have unexpected consequences by
comparing the operations at the
hydroelectricity plant in the Italian Alps,
which is well-managed, with those at the
plant in S&o Paulo, which has developed
a black foam issue.

Investigate the cost and efficiency of
solar panels over the past decade.



Definitionsof fsustainabilityo

https://en.wikiguote.org/wiki/Sustainability.” Sustainability in ecologyis how
biological systems remain diverse and productive.  Long-lived and healthy
wetlands and forests are examples of sustainable biological systems.  In more
general terms, sustainability is  the endurance of systems and processes 6

https://en.wikipedia.org/wiki/Sustainability: dn ecology, sustainability (from
sustain and ability ) is the property of biological systems to remain diverse and
productive indefinitely 6
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Schematic representationof t he At hree pillars of sustainabilityo, w
constrained by environment limits (https://en.wikiquote.org/wiki/Sustainability)
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World population growth between 1800 and 2100. The United Nations envisage three population growth
scenarios beyond the present: Low , medium or high projections towards the year 2100
(https://courses.lumenlearning.com/boundless-biology/chapter/human-population-growth/)
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o Saxieties Choose to Failor Succeedd a 2005 alebok by J

Diamond.

Collapse: How Societies Choose to Fail or Succeed (https://en.wikipedia.org/w/index.php?curid=1451552)

Jared Diamond lists twelve (12) environmental problems currently
humanity.

In his assessment, h istorical problems that have afflicted past

societies include :

1.

N o g b~ wDN

8.

Deforestation and habitat destruction

Soil problems (erosion, salinisation, reduced fertility )
Water management problems

Overhunting

Overfishing

Exotic speciesd e f f e matige spegies n
Overpopulation

Increased per-capita impact of people

And he perceives additional p resent and future problems to be:

9.

10.
11.
12.

Anthro pogenic climate change

Build -up of toxins in the environment

Energy shortages

Ful |l human u sphotosyhthetic @apacityd s

Il n this topic (Earthdos Sust asomeafthése

notions.

facing

Future)
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1994 world population density
(people per km?)
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1994 world population map by NASA, originally uploaded by Keenan Pepper, legend added by SG
(en.wiki). - Image:Population density.png from NASA.gov, Public Domain,
(https://commons.wikimedia.org/w/index.php?curid=2871394https://en.wikipedia.org/wiki/Population_densit
y#/media/File:Population_density_with_key.png)

Earthdés human (over) popul ation

Earthodos popul ati on and peoipentitoaunderstamdindi st r i bu
its sustainable future . Thatis because population size determines the
magnitude of resource use.

Population clock

Visit the p opulation clock at http://www.worldome ters.info/world -population/

TOP 20 LARGEST COUNTRIES BY POPULATION (LIVE)

1 China 1,389,223,050 11 [®] Japan 125,998,712
2 & India 1,345,157,305 12 B Ethiopia 104,767,346
3 BEF USA. 326,869,413 12 M Philippines 104,057,674
4 MM Indonesia 264,003,010 14 Vietnam 95,577,843
5 EE3 Brazil 211,524,591 15 = Egypt 95,524,773
6 Pakistan 197,407,068 16 BEE D.R.Congo 82,671,680
7 A Nigeria 192,658,640 17 O Iran 81,097,595
¢ Il Bangladesh 165,150,361 s EH Germany 80,628,398
9 i Russia 143,364,171 19 Turkey 80,551,281
0o Il Mexico 130,490,671 20 B== Thailand 68,322,813

Popul ation of the worldés 20 most populous countries ac
August 2017 (http://www.worldometers.info/world-population/).

= The population statistics in the abo ve figure were calculated on 31 August
2017. How have they changed bet ween then and )
cl ocko?
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How we share the world

Select a variable Q O O 9 O O

Debt  Population Wealth Billionaires

Cartograms versus conventional maps of the world (http://metrocosm.com/how-we-share-the-world/)

= How is the world divided according to six (GDP, debt, population, births,
wealth, billionaires) socioeconomic variables?

World population i past and future

Population of the World, 1800-2100*

country size = share of world population

Select a year o000

Normal 1800 1900 2000 2100

Worl dés popul ati on b e thitpe/eairoctsdr@ddn/warki-dopRatod-QistoG-Eap()

= In relative terms, which continent will see the largest increase in human
population? And which countries in that continent will have populations
exceeding 100 and 200 million people? Do these countries presently have the
economic capacity to absorb their respective population increases 7?

Where on Earth would it seem there will be zero or near zero population
growth , between now and 2100 ?



http://metrocosm.com/how-we-share-the-world/
http://metrocosm.com/world-population-history-map/
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% Renewable resources include some that are available regularly and
others that are replenished at time scales from years to millennia.

T Discuss the need for, and limitations of, renewable sources of energy,
including biofuels, solar, wind, and geothermal energy.

Au st r electrecél power generation and power network

The cost of electricity prices in South Australia is possibly the highest in the
world ( http://www.a bc.net.au/news/2017 -06-28/sa-has-most-expensive-power-prices-in -the -
world/8658434 ). This cannot have happened by chance. There must be
fundamental reasons causing this, yet politicians, consumers and
environmentalists are arguing w  hy.

GLOBAL -ROAM Pty Ltd in conjunction with RenewEconomy have developed
an internet widget that allows for the direct monitoring of electricity
generation across the nation ( http://reneweconomy.com.au/nem -watch/).

The figure below is a screen-capture taken at in the afternoon of 21 November
2017. It provides a breakdown of how each state (excluding NT and ACT) was
generating electricity.

Live Generation W“
Tue 21 Nov at 16:15 (NEM Time) VA=

abal-Roam
WA
TAS
SA
vIC
NSW

QLD

0 MW 3,000 MW 6,000 MW 9,000 MW
W Black Coal ® Brown Coal @ Gas B Liquid Fuel m Other ® Hydro ® Wind Large Solar m APVI Small Solar*

Region B\a{ﬂtv\%om Bro[\:nnw(]:oal Gas (MW) L\q{uﬂj‘%uF}uel Other (MW) Hydro (MW) Wind (MW) Lar{gﬂ:ﬁ;]lar ?{f::lﬁs;rmn:\lrll Reg:ar‘:"]"olﬂl
WA 1.197 0 373 0 17 0 21 10 422 2,230
TAS 0 0 262 0 0 1,431 187 0 41 1,921
SA ] 0 1,685 0 ] 1] 338 0 318 2,341
VIC 0 3,179 2,108 0 0 878 82 0 357 6,604
N3W 6,740 0 743 0 0 570 141 118 390 8,702
QLo 7,096 0 329 0 a6 62 0 i} 204 8,373
Total 15,033 3,179 6,000 0 103 2,911 959 134 1,822 30,171

Summary of electricity generation for the Australian states at 4:15 PM on Tuesday 21 November 2017
(http://reneweconomy.com.au/nem-watch/). In Adelaide and local regions the day had a maximum
temperature of 35 °C, mostly clear skies and little wind.

Based on data in the above figure , some pertinent observations include:



http://www.abc.net.au/news/2017-06-28/sa-has-most-expensive-power-prices-in-the-world/8658434
http://www.abc.net.au/news/2017-06-28/sa-has-most-expensive-power-prices-in-the-world/8658434
http://reneweconomy.com.au/nem-watch/
http://reneweconomy.com.au/nem-watch/

Only SA and Tasmania do not genera te electricity from burning coal
(either lignite or black coal)

Both NSW and Queensland rely on black coal -fired power stations for
more than 75% of their electricity

Queensland has the greatest reliance with 84% of its electricity derived
from black coal.

The only states without hydro -electrical generation are SA and WA.

States with the highest proportion of renewable energy were Tasmania
(~86%) due mainly to its extensive hydro res ources, WA (~29%) and SA
(~28%).

SADds e
S

ergy mix is mostly gas wit-h
owner I

n
0 s ol a%) amavindetdrisne faciitieg (~14%).

At the time that the data in the above figure above were downloaded (4:15 pm
21 Nov 2017), temperatures (°C) in the main capital cities were: Adelaide 34°,
Brisbane 21°, Melbourne 32°, Sydney 23°, Perth 25°, Hobart 27°. In other
words, it was a fairly normal Spring day with capital city temperatures

ranging between 21° and 34° C in the late af ternoon.

By nightfall, the solar power component across the country will of course be
zero. The amount of (potential) solar power also varies by season 0 as
indicated by mapped irradiance data in the figure below, solar irradiance in

the populated areas o f the state is in winter, 40 850% of what it is in summer.

In South Australia, the generation of mains electricity is dominated by gas -

fi

stateodo®astsout h

N
/i

mp o I

red turbines on Torrens I sland i n Adel ai

S Data I n the above figure | neirovaseurkta, /
of p
What are noheswowndhes and are tthey orenewabl/ ¢

accounted for86 Mw, and I n WA oot her o sources

Twenty (20) hours | ater the Oener gy mi

particular for South Australia.

2y

= Compare the data in the figure above with similar data in the figure below
that summarises electricity generation ~ 20 hours later, I.e. the next day.

What proportion of South Australi ads
November 20177

10

X060 h

energ



Live Generation W
Wed 22 Nov at 11:50 (NEM Time) Y¥&iHen

TAS

SA

viC
NSW
QLD
0 MW 3,000 MW 6,000 MW 9,000 MW
W Black Coal m Brown Coal ® Gas W Liguid Fuel m Other m Hydro ® Wind ® Large Solar m APVI Small Solar
. Black Coal Brown Coal Liquid Fuel - Large Solar APVI Small Region Total
Region (MW) (MW) Gas (MW) (MW) Other (MW) Hydro (MW) Wind (MW) (MW) Solar* (MW) (Mw)
WA 1,100 0 407 0 13 0 280 T 368 2175
TAS 0 0 262 0 0 1,011 190 0 62 1,525
SA V] 0 1,464 1] ] 0 297 0 337 2,698
viC 0 3,200 1,681 0 0 438 233 0 650 6,202
NSW 6,102 0 575 0 0 283 10 232 628 7,830
aLp 6,552 0 910 0 90 43 0 10 656 8,261
Total 13,754 3,200 5,299 0 103 1,775 1,610 249 2,701 28,691

Summary of electricity generation for the Australian states at 11:50 AM on Wednesday 22 November 2017
(http://reneweconomy.com.au/nem-watch/). In Adelaide and regions, the day had clear skies and a steady

breeze.

Based on the above figure, data for South Australia indicate that on the day in
guestion, only 54% of the stateds -I
called baseline power.

oc al

= Research the term baseline power. What is baseline electricity generation

and why is it so -often mentioned in debates about energy security and
sustainable industries? When thinking about this , refer to the figure below

that shows a summary of SA electricity gen eration on Thursday 23 Nov 2017,

l.e. the next day.

y


http://reneweconomy.com.au/nem-watch/

Live Generation WA
Thu 23 Nov at 11:00 (NEM Time) V255

TAS

SA

VIC

NSW

la]
I
B
El

QLD

0 Mw 3,000 Mw 6,000 MW 9,000 MW
W Black Coal B Brown Coal ® Gas B Liquid Fuel m Other ® Hydro ® Wind ® Large Sclar m APVI Small Solar*

Region Black Coal Brown Coal Gas (MW) Liquid Fuel Other (MW) Hydro (MW) Wind (MW) Large Solar APVI Small Region Total

(Mw) (M) (W) (MW) Solar* (MW) (Mw)
WA 1,155 0 474 0 14 0 237 6 282 2,168
TAS 0 0 257 0 0 955 209 0 62 1,483
SA 0 0 1,574 10 0 0 59 0 69 1712
viC 0 3,141 1,623 0 0 443 245 0 617 6,074
NSW 7,168 0 406 0 0 57 13 219 762 8,645
QLo 6,606 0 692 0 77 54 0 20 665 8,114
Total 14,929 3,141 5,026 10 o 1,514 783 245 2,457 28,196

Summary of electricity generation for the Australian states at 11:00 AM on Thursday 23 November 2017
(http://reneweconomy.com.au/nem-watch/). In Adelaide and nearby regions, the day was overcast and
wind-still.

Tasmania generates most of its electricity from hydro  -electric facilities , but
these have been constructed at a considerable cost to the environm ent.

= Research the pros and cons of hydroelectricity, in the context of  the
Tasmania n and Snowy Mountains hydroelectric scheme s. How does the
environment contin ue to degrade as a consequence of these schemes even 50
years after their completion?

Has the extensive use of hydro -electricity in Tasmania benefited or diminished
the economy and/or prosperity of Tasmania?

= The population of Western Australia (2.58 million) is significantly greater
than South Australia (1. 72 million), yet according to the o/ I data iom
reneweconomy.com.au generates less electricity that passes into its grid. How can
that be ? To answer this question, think about , and if necessary research the
demographic and industrial differences between the two states.

Similarly, Queensland (4.9 million persons)  with a smaller population than
Victoria (6.3 million) generates more electricity. Why might that be?

The future of Australiads energy miX

Please watch the 2012 video (3:05) from the Climate Council of Australia at
https://www.climatecouncil.org.au/australia  -s-electricity -sector-ageing-inefficient -and-unprepared
12
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wind energy

Wind energy is an important formofso -cal | ed o0gr een der,avimcer gy .
turbine farms are controversial Dbecause th
and have been dubiously linked with negative health outcomes for local

communities. Having said that, some land -holders are keen to have them on

their land because they earn significant royalties from energy companies.

The 420 MW Macarthur Wind Farm in south-western Victoria. The facility can power ~173,000 average
Australian homes, and it is claimed save ~ 1.7 million tonnes of greenhouse gases per year.
(https:/mww.agl.com.au/about-agl/how-we-source-energy/renewable-energy/macarthur-wind-farm)

AGL recently sold its share of the Macarthur Wind Farm (above figure). This
429 MW power facility comprises 140 individual 3 MW turbines and is the
largest wind -energised power plant in th e Southern Hemisphere. South
Australia has similar but smaller facilities.

= Earlier in this course on Earth and Environmental Science, we discovered
howdi fferent greenhouse gases have varying
claim that th e Macarthur Wind Farm saves 1.7 million tonnes of greenhouse
gases, which greenhouse gases are they referring to?

/tis likely that the cheapest (? easiest) alternative to the Macarthur Wind
Farm is to burn lignite (br own coal) in the Latrobe Valley. Other than CO.,
what other greenhouse gases pollutants are produced in the Latrobe Valley
coal-fired power stations?

It is not strict ly true to say that wind turbines (or for that matter other forms

of oOgreen energyo6) hayv &hatziebecauselagebon emi s si
guantities of energy and resources are required to build a facility like

Macarthur. Moreover, wind turbines require considerable maintenance due to

the spinning acti on of the blades and generators, and the physical wear of all

moving parts.

S Isitpossibletocalculat e a elvreenadk p o i n.e. thé mumberiome ;
operating years that wind turbines need to produce electricity befor e they
break -even and produce more energy than it took to make them?

The i @at South Australian Bl ac k out o
13



https://www.agl.com.au/about-agl/how-we-source-energy/renewable-energy/macarthur-wind-farm

Mid -afternoon o n 28 September 2016, South Australia experienced a dramatic
electrical power outage. With the exception of Kangaroo Island, the entire
state was without mains electricity from ~ 4 pm onwards. Power was
progressively restored across the Adelaide metropolitan area and other
districts progressively over several days 8 however most of Adelaide had
mains power restored by 6 am the following morning.

AUSTRALIA

A
WIND TURBINE
STATE

SPoT THE DIFFERENCE

Politically inspired cartoon suggesting that the 28 September 2016 blackout in SA was largely due to an
over-reliance on wind-turbine generated electricity (https://energy-investments.com/green-disaster-south-
australian-blackout-due-to-loss-of-wind-power/)

The immediate cause of this unprecedented blackout was a freak storm with
at least 80,000 lightning strikes that destroyed more than 20 high voltage
transmission towers (see figure below) and other infrastructure, especi ally in
the Mid -North .

High voltage transmission towers destroyed by storms on 28 September 2016
(http://tasmaniantimes.com/index.php?/weblog/article/how-not-to-run-a-modern-society-on-renewable-

energy-/show_comments)

At around the time that Adelaide was blacked -out,therewasanouncontroll e
reductiondé of ~315 MW of wind generated po
Adelaide. Consequently, there was an additional demand placed on the main

interconnector that feeds electricity from Victoria to South Australia. Unable

to handle the unp recedented demand for additional power in South Australia,

the interconnector shut -down (to safeguard itself), leaving mainland South

Australia without electricity. At the time of the incident, the second

14
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interconnector between Victoria and South Australi  a was shut -down due to
maintenance and was therefore unable to take -up some of the extra South
Australian power demands.

As a consequence of the September 2016 blackout, a South Australian Power

Crisis has ensued, with the SA State Government and the Feder al

Government exchang ing much criticism, especially wi t h regard to the
energymix how SAO3s hi gh i+basélinepowerdi.e.oenewabtes)

contributed to the crisis

The SA Governmentds explanation for the Se
be found at https://statedevelopment.sa.gov.au/upload/energy/facts/energy  -in-south -
australia.pdf?t=1481241303925 .

The figure below depicts SAS energy mix prior to the September 2016 state -
wide blackout. Excluding roof -top solar panels, South Australia imported
~34% of its mains power from Victoria.

Thermal generation wWind generation Import from Victoria

South Austral i abs-mxleecluding home-awger splar pamelsi frior o the 28 September
2016 state-wide blackout (https://cleantechnica.com/2016/10/05/accusations-continue-fly-south-australian-
blackout/). Thermal generation refers to gas-fired power generation.

?Gi ven that a [ arge proportion of Victori/
odi rtyo | ignite, how mledarbityiedurreStlybetngp Aust r al
generated [ r om V Hastheamownmibeledtricity impottag from

Victoria changed since the September 2016 blackout?

= Investigate how the present Government of South Australia and the state
opposition propose to deal with the so -called South Australian Energy Crisis
In terms of:

9 Electrical energy generation
9 Electrical energy storage.

What novel approaches to the South Australian Enerqy Crisis are being
proposed by entrepreneurs and industry?

15
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When addressing these questions bear in mind the scale in megawatts (MW)
and the proportion of South Australiads t

OUNT GAMBIER
Predicted wind speed at 80 metres above ground level,

1995-2005, South Australia
Lambert Conformal Conic projection
0 200 km
S |

Wind speed (metres/second)
5.5 6.0 6.1 6.2 63 64 6.5 66 67 69 7.0 7.2 7.5 85
® Wind energy project

7 Transmis: i (cs
National Electricity Market

Values below the black line are mapped to 3 sqkm cells. Values above are
mapped to9 sqkm cells. Values are representative of wind speed across the cell.

Product of Spatial Information Services, Department of Primary Indusiries and Regions 2012
Source data: © Windlab Systems Pty Ltd 2007 @ Government of
K& South Australia

RenewablesSA

Predicted wind speed at 80 metres above ground level in South Australia
(http:/mww.renewablessa.sa.gov.au/investor-information/resources)

The figure above showsa map of @wiimdiSmausgh VAderdt r al i a.
from the data is that populated areas around the s tate® coast are also some of

the wi ndiest. This means that wind turbine facilities can be built relatively

close to populated areas that need the power. However, the same cannot be

said for much of easte rn Australia, except for western Victoria and the vicinity

of Canberra where large wind farms have already been built.

Windfarms need to be located relatively close to population centres because of
the high inefficiency in transmitting electricity long dis tances via high -voltage
power lines.
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= Use the internet to research the quantity of electrical energy that is lost in
transmission in Australia. In general terms, how might these inefficiencies be
overcome?

Predicted wind speed at 80 metres above ground level,
1995-2005, Australia

Lambert Conformal Conic Projection

0 400 km ‘ ‘
[ R 4

Wind speed (metres/second)

43 56 58 60 61 62 63 64 65 6. 70 72 78 96

Valuesare mappedto 9 sqkm ¢ tative
of wind speed a

Product of Spatial Information Services, Department of Primary Industries and Regions 2012
Source data: © Windlab Systems Pty Ltd 2007

Predicted wind speed at 80 m above ground surface, Australia
(http://wvww.renewablessa.sa.gov.au/investor-information/resources)

Solar power

The Government of South Australia has an excellent website
(http://www.renewablessa.sa.gov.au/investor -information/resources ) dedicated to renewable
energy, inc luding renewable resource maps, infrastructure map s, and a
Obi oenergy roadmapo.

The site also provides GEnergy Fact Sheetson SAdSs power security

national electricity market, on the new South Australian Grid -connected
Battery Storage Project, andthe st at e government s energy p
Australiaf6s future energy security.

Some statistics from ARENA (Australian Renewable Energy Agency) at
https://arena.gov.au/blog/rooftopsolar/  include:

1 In late 2017, solar rooftop panels in Australia surpassed the 6000 MW
capacity.

1 6000 MW is sufficient to power at least 1.8 million homes (the entire
Sydney metropolis).
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9 There are now ~2.8 million small -scale installations in Australia.

1 Queensland (34% of households) has the largest uptake of roof-top solar
panel systems, followed by South Australia (32%) and Western
Australia (27%).

*
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(https://arena.gov.au/blog/rooftopsolar/)

Concentrating Solar Resource:
Average Daily Direct Normal
Irradiance (MJ/m2)

July

Concentrating Solar Resout
Average Daily Direct Normal
Irradiance (MJ/m2)
January

Transmission Lines

Transmission Lines

Gas Pipelines Gas Pipelines
~——— Water Pipelines ——— Water Pipelines
>3 -3
>3- I -31-38
] >29-31 ] >20-31
o2 >z
[ J»2s-27 2527
[>23-25 [>23-25
B >21-23 B >21-23
> 10-21 B - 1e-21
2 >17-19
- BT i B - Proiet o RS Sl lmatn Senices
s 24th Noverber 2008 - s- 24th November 2009
Based on satllits dorved average direct baam Based iMte denve direct beam
s o i dd g o = o e e )
Tor sach mont), Data prurided by Buresy o each month Data provided by Bursas () Sovmmersofsoun pusvsts
7-11 ol eteorogy’s Natonal Cimae Canire - of teleorciogy's Nabvel Cumate Cenire &) =
81 G 01 i 1998 - 2007. 1998

Average daily direct solar irradiance in South Australia. Left: January Right: July
(http://mww.renewablessa.sa.gov.au/investor-information/resources/direct-normal-irradiance)
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Direct solarirradiance i s a measure of how much sunl i gt
surface, either within any typical day or averaged over a longer period like a

year. The figure above compares the average daily direct solar irradiance in

South Australia between a typical January and a typ  ical July.

Data in the figure below is different @ it refers to the average annual

irradiance across Australia. One interesting observation is that the average

annual i rradiance f or Msoutkasnis sinsilartor egi on, i
Melbourne 6 and much of coastal NSW. Indeed, all of Australia with the

exception of the (unpopulated) western wilderness areas of Tasmania are very

suited to solar energy. The main problem with solar energy is the capacity to

store and use that energy during overcast days and during the night. We

shall revisit this subject later.
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Global horizontal irradiance for Australia (https:/solargis.com/products/maps-and-gis-
data/free/download/australiaSolar irradiance in)

Across the nation, d uring the month of October 2017, solar roof -top
installations exceeded a cumulative capacity of 100 MW. This amounted to
15,736 new solar syst ems. The scale of this installation boom can be explained
by the continued rapidly increasing electricity  prices. The last calendar month
that installations exceeded 100 MW was in June 2012 when significantly

higher (? excessively generous) subsidie s were available to homeowners

Information source: http://www.news.com.au/finance/money/co sts/report -shows-boom-in -solar-
as-electricity -price-rises-start -to-bite/news -story/1f1397de9a5e35f4c960c0ba88e433c2.

Please watch the short video (1:19) at the above website showing the
demolition of the Port Augusta Power Station and S A @agliticians blaming
each other for the energy crisis . Inthe video, the S A Government claims that
SA has the lowest wholesale electricity prices in Australia and is now a net
exporter of power into the eastern electricity grid.
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Geothermal energy

BOOSTING GEOTHERMAL AROUND THE WORLD

Many nations are in the process of ramping up their geothermal electricity generation, so much so that the
Geothermal Energy Association has forecast that global geothermal electricity capacity could reach about

18.4 gigawatts by 2021 and 32 GW by the early 2030s, from 13.3 GW in 2015.

I
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Source: 2016 Annual U.S. & Global Geothermal Power Production Report, Geothermal Energy Association

2015 global geothermal generation capacity (https://ensia.com/features/geothermal-energy/)

Geothermal energy is heat energy within Earth. This heat is ultimately
sourced as radiogenic heat produced as a consequence of the radiogenic decay
of uranium, specifically the isotopes 238U and 235U.

Presently, there is only one geothermal energy plant in Austr  alia, located in
Birdsville, Queensland. Here the energy source is from hot (98 °C) bore water
from a depth of 1,230 metres in the Eromanga Basin (Great Artesian Basin ).

Please watch the video (10:16) on geothermal energy in Iceland at
https://www.youtube.com/watch?v=Rs6n0bal Q6w

Another short video (3:37; hitps://www.youtube.com/watch?v=mCRDf7QxjDk ) by the US
Department of Energy, suggest s that up to 10% of US energy requirements
could be met by geothermal energy. The video describes three types of
geothermal plant:

1 dry steam geothermal (most common technology),
9 flash-steam geothermal,

1 binary -cycle geothermal (uses a heat -exchange).
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Schematic representation of the energy cycle of a geothermal power plant
(http://arcticgreencorp.com/geothermal-energy/)

The geology of Australia and Iceland are very different 0 there are very few
geothermal springs on the entire continent of Australia. However, one such
examples is in the Arkaroola Wilderness Sanctuary , of the northern Flinders
ranges 8 the Paralana Hot Springs with a water surface temperature of ~ 62
°C.

- e L
e ol e

Paralana Hot Springs, northern Flinders Ranges (http://heysentrail.asn.au/wp-
content/uploads/2015/02/12.Paralana-Hot-Springs.jpg)

Despite the lack of geothermal springs at the surface , there are huge
geotherm al heat resources in Au stralia & they comprise heated granite and
related crystalline rock, typically at depths of around 4 to 5 km , buried
beneath Phanerozoic sedimentary basins . The figure below summarises
where Australia 0 major geothermal resources are located.
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Hot fractured rock systems

10°8
15°8
20°8
25°S
30°S

35°S

so°| — <85°C 160 °C >235°C (N
Temperature estimate at

5 km depth from drilling
110°E 115°E 120°E 125°E 130°E 135°E 140°E 145°E 150°E 155°E

Temperature estimate at 5 km depth from data taken from 1500 drillholes. Figure from a 2015 paper in

GeoResJon AMaxi mum depth of magnetisation of Australi a, i
d e p byhRichard Chopping and Brian Kennett

(http://ww.sciencedirect.com/science/article/pii/S2214242815000376)

2

= Locate the Birdsville power plant on this above map

Unfortunately, it is very expensive (tens of millions of dollars) and techn ically
risky to drill to depths of ~4 km to reach rocks of suitable temperature s for the
harnessing of geothermal energy .

Hot Rock

Natural fissure Well heat extraction system

Hydrothermal system

GG N Hydraulic]
B~ fracture
system

Hot Rock system

Geological setting of hydrothermal systems, and hot fractured-rock geothermal systems, by Geoscience

Australia (http://www.futuredirections.org.au/publication/geothermal-industry-future-australia/). Hot water

that drives Birdsvill eds ptoiweel yesitealaltownfiiftydirest i & roma la
on the left. Petratherm was exploring for deeper hot dry rocks, the scenario on the right.
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During the last minerals and energy boom (2005 62011) several companies
were actively exploring for geothermal energy in South Australia. Perhaps

the best known of these is Petratherm Ltd that commissioned the Paralana  -1A
and Paralana -2 drillholes (located between the northern Flinders Ranges and

the SA-NSW border) which reached depths of ~4 km.

To date, despite beingsigni fi cantly innovative and
geothermal energy industry in Australia has been unable to demonstrate
economic large-scale power generation. To find -out why, visit

http://www.futuredirections.org.au/publication/geothermal -industry -future -australia/ .

a0y
é/ Why has the geothermal industry not been able to demonstrate technical

and economic feasibility of large -scale power generation?

Geothermal heat pumps

The video by the US Department of Energy discussed, amongst other things,
geothermal heat pumps (GHPs) otherwise known as ground -sourced heat
pumps. Geothermal heat pumps are not futuristic technology. There are
businesses in Australia that will install GHP systems in public buildings and
private homes 6 GeoExchange Australia Pty Ltd (GXA) is one such company
(https://www.geoexchange.com.au/about -geoexchange-australia/ )

Please watch the video on ground-source heat pump systems, designed for
private homes at https://www.geoexchange.com.au/home -residential/ .

Geothermal Cooling Geothermal Heating

Waorm gir circulates
<. through the home -
N e @
= =.

J'F‘ ? RLL Heaot is absorbed from the ground

How heating and cooling are achieved using a ground-source heat pump
(http://reneweconomy.com.au/google-creates-dandelion-promote-geothermal-energy-69981/)

>y
é/ What is the typical cost of establishing a ground -source heat pump for an
Australian home? When you Googled for the answer to this question, you

probably came a cross a lot of information relevant to the UK 0 why?
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Biofuels?

What are biofuels ? To find -out, please watch an i ntroduct ory video (2:56) at
https://www.youtube.com/watch?v=-ck3FYVNI6s .

Theoretically, biofuels are carbon neutral , since crops used to make biofuels
remove carbon dioxide (CO ») from the atmosphere as they grow , and release
the same quantity of CO2 back into the atmosphere when they are burnt.
Thus, biofuels are considered a source renewable energy .

= Are there any factors that could impact the carbon neutrality of biofuels?
Consider agricultural production.  If fossil fuels are used in other parts of the
production cycle, how could this impact upono s ust ai nabi |l i tyo?

Bioethanol and biodiesel are liquid biofuels, used as a substitute for petrol and
diesel respectively. These types of biofuels are referred to as first generation
because they are produced from agricultural food crops, such as maize,
sugarcane, soybean and rapeseed. Production of these liquid biofuels is
increasing.

Maize (background) and soybean (foreground) grown for biofuel production
(http:/Mww.mxdsystems.com/wp-content/uploads/2015/06/iStock_000043447164_Medium.jpg)
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World biofuels production trends
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Source: FAPRI, U.S. and World Agricultural Outlook, 2008.

Biofuel production trends (http://theconversation.com/explainer-what-are-biofuels-12907)

Sustainability of biofuels

= First gene ration biofuels are often seen as competing with crops used for

food production. Is it sustainable and ethical to replace crops used for food
production with crops used for fuel production?
production reduces the land available for food production, how could this

impact food production?

Please watcht h e

https://www.youtube.com/watch?v=t_Fw6y4T3Po

vi de o0 theBanswvér orehe problem?06

If increasing biofuel

(6:

The following table considers the global potential for ethanol production.

Table 1. Global potential for ethanol from principal grain and sugar crops.

Supply as
Global Global Global Maximum  Gasoline % of 2003
acreage average production Conversion Land ethanol equivalent global
(million yield (million efficiency intensity (billion (billion gasoline
Crop hectares)* (tons/hectare)* tonnes) {litres/tonne)" (litres /hectare) litres) litres) use’ (%)
Wheat 215 2.8 602 340 952 205 137 12
Rice 150 42 630 430 1806 271 182 16
Corn 145 49 711 400 1960 284 190 17
Sorghum 45 1.3 59 380 494 22 15 1
Sugarcane 20 65 1300 70 4550 91 6l 6
Cassava 19 12 219 180 2070 39 26 2
Sugarbeet 54 46 248 110 5060 27 18 2
Total 399 940 630 57

* Data from FAO online statistical database.

b Data from various sources.

¢ Global gasoline use in 2003 = 1100 billion litres (Kim and Dale 2004).

Taken from Rajagopal et al. 2007

(https://are.berkeley.edu/~dwrh/CERES_Web/Docs/BioFuel_Challenge ERL.pdf)
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From data in the above table, it is apparent that even if all of the land
currently used for production of the listed crops w ere to be used solely for the
production of ethanol, thi s would only satisfy an estimated 57% of global
demand for petrol (gasoline).

Thus, given the amount of land available globally for production of first
generation biofuels, increased production of these biofuels is likely to have a
greater impact o n food availability and price, rather  than fuel prices.

The effect of increasing the costs of e.g. grain (wheat, barley etc .), is likely to
be felt most in developing countries, where grain comprises a large proportion
of the diet.

Further more, if more land is to be made available for production of first
generation biofuels , large -scale clearing of existing vegetation would be
required. Obviously this would have significant environmental consequences.

Second generation biofuels

Second generation biofuels utilise biomass that has little or no nutritional

value, such as agricultural and slurry wastes, or is derived by planting
specialised crops on degraded land that is not suited to agricultural

production. By producing biofuels from second generation sourc es, it is hoped
that some of the economic, logistical, social and ethical issues identified with
first generation biofuels can be overcome.

Algal biofuels
As an introduction to algal biofuels , please watch the short videos:

CEnergy 101 6 Bi of u e |l sUt Dbpy. oftEheggy (2:55):
https://www.youtube.com/watch?v=ck3FYVNI6s

0Al gal fuels could change the worldo (3:17
https://www.youtu be.com/watch?v=kQFKYpOp8po

0Al gal fetaitednayerview of alg ae production for energy (8:15) at
https://www.youtube.com/watch?v=pAda_| -rb3Q

Algal biofuels are a type of second generation biof uel that show great potential
for overcoming some of the issues identified with first generation biofuels.

0Al gaed refers to a | -keogganigme.oAigaearef si mpl e
usually divided into two groups, microalgae and macro -algae, based on their

size. Microalgae are defined as microscopic, photosynthetic, free -living

organisms that can survive and thrive in a wide range of aquatic habitats of

varying salinity (including freshwater and seawater), temperature and pH.

Macro-algae, the seaweeds, have their cells organised into plant -like

structures resembling leaves, stems and roots. Microalgae were among the
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first lifeforms on Earth, responsible for fixing massive amounts of CO > from
the atmosphere while producing life -sustain ing oxygen.

©Fraunhofer (= (E)Fra.nhofer

Photomicrographs of different microalgae species viewed under a microscope
(http:/Mmww.chemistryviews.org/SpringboardWebApp/userfiles/chem/image/2015/2015_12/Microalgae/micr
oalgae_figure_1.jpg)

There are several a dvantages of using algal biomass for biofuel production
These advantages include :

1 Unlike other oil crops, algae grow rapidly and are rich in lipid oil.

1 The production of algae does not compete or conflict with the production
of food and other products derived from land -based agriculture .

1 Water used to gr ow algae can include wastewater and waters of high
salinity that cannot be utilised by conventional agriculture

1 Algae can be grown on CO» captured from the burning of coal and gas
for electricity generation.

Algae, like any plant, require nutrients . Nitrogen, phosphorus, iron and
sili con are the major nutrient requirements. Carefully controlling the
concentrations of these nutrients is vital to maintaining productivity. Too

little of any nutrient can impact the growth rate of the algae while too much
could prove toxic.

= Consider the nutrient requirements described above. If any one of these
nutrients were in short supply, how would this impact on the sustainability
and cost of production ? Which of these nutrients are required for the
proauction of food or other industrial — use(s)?

A report by the US National Academy of Sciences considered the amount of
nitrogen and phosphorus required to produce 10 billion gallons of algal
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biodiesel per year. Based on 2006 data, it was calculate d that, if the algae
grown had a 20% oil content, it would require 107% of the nitrogen (ammonia)
and 51% of the phosph orus consumed in the US . For context, the US used an
estimated 300 billion gall ons of liquid fuels in 2008. Thus, finding a
sustainable supply of nutrients to support the expansion of algal biofuel
production is the key, and clearly such a large supply would not be

inexpensive.

The importance of phosphorous to the biosphere

Please watcht h e v PedkePbiosghorus6(6:08) at
http://www.abc.net.au/catalyst/stories/3166841.htm

Globally, p hosphorus is a key agricultural fertiliser . Since the mid -19th
Century, phosphorus fertilisers have been pivotal in increasing yields from
agricultural crops, ensuring there is enough food for increasing populations.
Rock phosphate, a non -detrital sedimentary rock is mined to meet the demand
for phosphorous fertiliser .

The following graph shows how phosphate fertiliser consumption has
increased over time.

Historical global sources of phosphorus fertilizers (1800-2000)
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The historical sources of phosphate for use as fertilisers, including manure, human excreta, guano (bird poo) and
phosphate rock (http://www.sciencedirect.com/science/article/pii/S095937800800099X)

2
é/ Rock phosphate used to make phosphorus fertilisers, is a finite resource.

Consider the implications for the sustainability of global agriculture, and algal
proauction, If the supply of this commodity were to diminish. What
alternatives are there to rock phosphate?

7y
= What countries or regions on Earth supply the world with rock phosphate ?
What are the HDI (human development indices) for the rock phosphate

osupplierso versus the rock phosphate

Phosphorous from rock p hosphate is a non-renewable finite resource. As
global population has increased, so too has the demand for phosphate. Itis
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anticipated that the production of phosphate wi | | reach a Opeakd,
production will decrease, as the figure below illustrates.

Peak phosphorus curve

Phosphorus preduction [MT P/yr)
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Year

Cordell et al. (2009) estimates that peak phosphorus production could be reached by 2033
(http://www.sciencedirect.com/science/article/pii/S095937800800099X#aep-section-id23)
Py

= Estimates of when qoeak phosphorus owill be reached vary considerably,
between 308400 years. What kinds of factors and variables may cause these
estimates to vary so greatly?

A reduction in the availability of phosphorus would likely cause prices for the
raw material to increase. This would have a direct impact on the viability of
biofuel produc tion, including algal biofuels.

A free downloadable PDF by the US National Academies of Sciences,
Engineering and Medicine o n t Sustainable Development of Algal Biofuels

inthe United States 6 (2012) is available at
https://www.nap.edu/catalog/13437/sustainable -development-of-algal -biofuels -in -the -united -states

Sustainable algae production

One method to improve the sustainability of nutrients and reduce the global
reliance on manufactured nutrient sources is  to /nteqgrate algal production
with wastewater treatment

Wastewater, produced by humans and animals, contains naturally high levels
of the nutrients that could be cycled to support algal growth. By integrating
algal production with wastewater treatment, t  he nutrients present in the
wastewater can be utilised for algae production, meaning they are not
discharged into aquatic environments, which in itself causes major ecological
problems.
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Flinders University researchers taking measurements from a High Rate Algal Pond (HRAP) at Kingston on
Murray in the Riverland region of South Australia. HRAPs use algae to treat wastewater. Microalgae,
produced as a by-product of the treatment process, can be utilised for biofuel production, as well as for
animal feed and compost.

Biogas

Biogas is another type of biof uel, produced as a result of anaerobic
fermentation or digestion of biomass. Biogas is produced naturally in
anaerobic environments such as swamps. Anthropogenic b iogas production
takes place in an anaerobic digester . In this process , anaerobic bacteria
biochemically digest organic matter such as glucose and convertitto methane
(CH4) and carbon dioxide (CO »2), via the following chemical reaction:

CeH1206 B 3 GO3CH4

= Anaerobic digestion takes place in four stages: hydrolysis , acidogenesis,
acetogenesis and methanogenesis. Research what these are and briefly
summarise them.

Biogas can be produced from a number of sources, for example sewerage
sludge (biosolids), animal manure, landfill , energy crops and various waste
streams such as the organic fraction of municipal wastewate r and food
processing residues.

It is estimated that if all the waste generated by Australian domestic,

industrial and agricultural industries w  ere treated in biogas plants, up to 650
megawatts of electric ity could be produced, enough t o power around 1 million
homes. This is easy to say, but there are of course many limiting factors.

Please watch the video (8:11)on O Aer obi ¢ d bwie Wadles @K and
biodigesters are using food waste to pr oduce heat and electricity at
https://www.youtube.com/watch?v=HW4SXfy1Kko
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Pleasereadt he excell ent report on OBiogas:

ener gy and wa st (@ps:/phécodvdshii@.dmnsShi@gas -smells-like -a-solution -to-
our-energy-and-Waste-problems-36136).

Systems for biogas production

Intensive agric ulture, where livestock are raised in large sheds or feedlots,
results in a large amount of concentrated effluent 6 primarily fa eces and
urine . In the pork industry, large quantities of effluent are often captured and
treated in anaerobic lagoons.

An anaerobic lagoon is a basic type of anaerobic digester, designed to promote
oxygen free conditions. These lagoons are not aerated, heated or mixed and
are typically at least 2.4 m deep; however, oxygen can diffuse into the water as
air blows over the pond s urface 9 therefore to minimise this effect, the deeper
the pond relative to its surface area, the better.

Provided sufficient land is available, anaerobic  treatment in lagoons is a cost -
effective solution for dealing with effluent streams. Initial setup costs can be
high, but ongoing costs are very low, given there is no need for additional

energy intensive inputs such as mixing or aeration.

The treated effluent from anaerobic lagoons still contains nutrients such as
nitrogen and phosphorus and, as such, is often used as a fertiliser to irrigate
surrounding cropland. Alternatively, the effluent may be further treated in
facultative or anaerobic lagoons, making it suitable for discharge to the
environment or for reuse on the farm.

Criteria Range

Optimum water 30 - 35 degrees (Essentially
temperature unattainable in municipal
(C) systems)

pH 66076

Organic loading: 0.04-0.30 kg/m3d (2.5-18.7
Ibs/10° f*/d ((temperature

dependent)
Detention Time: 1to 50 days (temperature
dependent)
Surface Area: 0.2 to 0.8 hectares (0.5 to 2 acres)
Depth 2.4 10 6.0 meters (8 to 20 feet)

(depths approaching 6.0 meters
[20 feet] preferred)

Source: Metcalf & Eddy, Inc_, 1991.

Ideal design criteria for an anaerobic lagoon (https://www3.epa.gov/npdes/pubs/alagoons.pdf)

>y
= Note the optimum temperature requirement  in the above table . Would
this be achievable in a conventional anaerobic lagoon?

Anaerobic treatment produces large amou nts of CH 4, a potent greenhouse gas
which contributes to global warming. A cost effective way of capturing this
32
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gas is to place a cover over the anaerobic lagoon, thereby trapping the
methane produced. The captured gas can then be purified and burnt to
produce energy in the form of heat and/or electricity.

Pleasewatcht he vi deo entitl ed 0 AudsPtorrkl iCRRCOBiI o0ga
(5:50) at https://www.youtube.com/watch?v=4BASwiMclJE

An interesting case-study of a piggery that produces biogas for electricity
generation , and compressed natural gas to run vehicles is that of Bacon Hill,
Nebraska. Please view the video (5:30) on this at

https :/iwww.youtube.com/watch?v=iwzUQ -DiPfY .

Mel bourne Waterods Western Treat ment Pl ant

Treating domestic wastewater requires a considerable amount of electricity.

Mel bour ne Water 6s Wes taeWenibe&, rugeadsimdant Pl ant
process to capture biogas from their primary wastewater treatment lagoons.

Around 65,000 cubic metres of biogas are captured daily, producing around 7

MW of electricity, allowing the plant to be self-sufficient for electricity.

Coversover the primary treatment | agoon at Mel bourne Wat e
to generate electricity. (http://www.gticovers.com/img/casestudies/ Big/Melbourne Water
_GTI_biogas_collection_cover_1.JPG

Research undertaken by Flinders University is aiming to further enhance

biogas production at the Western Treatment Plant by incorporating high rate
algal ponds (HRAPS) in the tr eatment process. HRAPs utilise algae to treat
wastewater. The microalgae produced in the system are harvested and used
as an additional source of biomass to further increase biogas production.

Please watch a very short video (1:32) about Flinders University 6 &Algae for
Energy 6 project at https://www.youtube.com/watch?v=FrupghzpV -A.
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FIinders University high rate algal ponds tnt Algal
biomass is to be harvested and utilised to enhance biogas production
(https://www.waterportal.com.au/swf/images/swf-files/2016_wastewater-treatment-and-biomass-
production-in-high-rate-algal-ponds.pdf)

= Considering the amount of ener gy that can be produced using covered
anaerobic lagoon systems, are there any strategies that could be used to
enhance biogas production? In what ways are these systems inefficient for
biogas production? When answering this question, ¢ onsider the optimum
design criteria for an anaerobic lagoon.

Anaerobic digestion can be optimised to provide ideal conditions for biogas
production by controlling factors such as temperature and the composition of
feedstock within the digester. In some systems designed for electricity
generation , excess heat is used to keep the digester at the optimum
temperature. Systems such as these can have high setu p and ongoing
maintenance costs; however, they can enable self -sufficiency for heat and
power generation, making the m economically viable in the long -term.

The Berrybank Farm Piggery in Victoria has developed an integrated
management system to generate heat and electricity from biogas, recycle
water and collec t waste for sale as fertiliser.

Please read
http://www.sustainability.vic.gov.au/~/medi  a/resources/documents/publications%20and%20research/k
nowledge%20archive/bioenergy%20resource%20in%20victoria/archive%20bio%20berrybank%20pigger

y%?20case.pdf.

Please watch the video dExample of a biogas digester for electricity and heat
production 6  ( 6http/@w)v.youtube.com/watch?v=UllmPgLbgOM

= Using the internet, f ind other examples of how and where biogas is
proaduced for energy production. How are digesters optimised to increase
biogas production?

Further resources
34

wast ewse


https://www.waterportal.com.au/swf/images/swf-files/2016_wastewater-treatment-and-biomass-production-in-high-rate-algal-ponds.pdf
https://www.waterportal.com.au/swf/images/swf-files/2016_wastewater-treatment-and-biomass-production-in-high-rate-algal-ponds.pdf
http://www.sustainability.vic.gov.au/~/media/resources/documents/publications%20and%20research/knowledge%20archive/bioenergy%20resource%20in%20victoria/archive%20bio%20berrybank%20piggery%20case.pdf
http://www.sustainability.vic.gov.au/~/media/resources/documents/publications%20and%20research/knowledge%20archive/bioenergy%20resource%20in%20victoria/archive%20bio%20berrybank%20piggery%20case.pdf
http://www.sustainability.vic.gov.au/~/media/resources/documents/publications%20and%20research/knowledge%20archive/bioenergy%20resource%20in%20victoria/archive%20bio%20berrybank%20piggery%20case.pdf
https://www.youtube.com/watch?v=UlImPgLbg0M

What are biofuels? : hitp://theconversation.com/expla iner -what -are-hiofuels -12907

Overview of biofuel technologies:
https://www.iea.org/publications/freepublications/publication/2nd_Biofuel _Gen.pdf

How the great phosphorus shortage could leave us all hungry:
https://theconversation.com/how -the-great-phosphorus-shortage -could-leave-us-all -hungry -54432

Integrating algal biomass production and wastewater treatment:
https://waterportal.com.au/swf/images/swf -files/ 2015 integrating -algal -biomass-production -and-
wastewater -treatment.pdf

Algae for energy and feed: A wastewater solution : http://porkcre.co m.au/wp -
content/uploads/2013/06/4A -101-Algae-for-energy-and-feed-A-review -130513.pdf

A detailed description of biogas production is found in the following factsheet:
www.wmaa.asn.au/lib/pdf/07_publications/1306_biogas_factsheet.pdf

I nformation on anaerobic lagoons: hitps:/www3.epa.gov/npdes/pubs/alagoons.pdf
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T Determine whether a renewable resource is either diminished or
sustained over time, given the abundance of the resource and how readily it
can be replenished.

0A renewable resource is a natural resource which repl enishes to overcome
resource depletion caused by usage and consumption, either through biological
reproduction or other naturally recurring processes in a finite amount of time
in a human time -scaled httfs:/en.wikipedia.org/wiki/Renewable_resource ).

The key to this definitioscalredt hbewausds e
non-renewable resources such as petroleum and mineral deposits will continue
to form but over time -scales of millions and tens of millions of years

A short but thoughtful discussion ono What /s t o &a befousdt a/i ned?
at https://www.nap.edu/read/9077/chapter/s . Here the Nobel laureate Robert Solow is
guoted as saying:

oa sustai nabl e afiowdeheryifuture g rereratioh a t
the option of being as well off as its predecessors o

Natural resources that fully replenish ed over a human time -scale, and are
therefore clearly renewable include :

1 wind energy,

1 wave and tidal energy ,
1 solar energy, and

1 geothermal energy .

The natural resources listed above all derive their 0 e n e frgryeaternal
sources, e.g.t h e Selearonsagnetic radiation, t he Moonds gravitat,]
onEarth6s oceans

Ocean water might be considered a renewable resource, simply becauseitiss o

vast that it is difficult to see how it might be d  iminished over a human

lifetime deverydayEart hds oceansparwi dthopaedfall an
discharge.

Renewable resources

Components within ecosystems are obviously renewable and include:
 wood from forests,
9 fish from the oceans,
1 mammals (i.e. whales etc.) from the oceans, and

91 water from rivers.
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Permaculture

Permaculture is the development of agricultural ecosystems intended to be
sustainable and self -sufficient.

Find -out more on permaculture by watching the National Geographic video
(40:08)0Li $ eGood: Sust ai nparmdcdturd.imn tiopicalg 6 o f
Australia at  https://www.youtube.com/watch?v=EpM_10cCQwY

Another video (19:31) on permaculture in the South Island of New Zealand is
accessible at hitps://www.youtube.com/watch?v=6GJFLOMD9fc

2 How realistic are thesetwo videos? What proportion of humanity could
realistically live in  the manner depicted ? If more and more people began to
live the low impact lifestyle of the people in this video, would that ultimately
benefit or degrade the environment?

Sustainableliving i s a | i festyle that attempts
soci esepf&asr t hds natur al resources and

2

= What is the maximum human population that Earth could support if most
people (say > 75%) of the human population lived like the people in the video?

Whether the renewable resources of wood, fish and mammals are also
sustainable resources depends on the rate of exploitation by humans.

Pile of bison sculls to be used for fertiliser, 1870 (https://rarehistoricalphotos.com/bison-skulls-pile-used-
fertilizer-1870/). An estimate of the number of sculls in this pile is ~ 180,000.

Bison ( Bison bison), otherwise known as American buffalo is a species native
to the United States and Canada. As suggested by the pile of bison skulls in
the above figure, bison were exploited to the brink of extinction during the

37

t o 1 e
persorl


https://www.youtube.com/watch?v=EpM_10cCQwY
https://www.youtube.com/watch?v=6GJFL0MD9fc
https://rarehistoricalphotos.com/bison-skulls-pile-used-fertilizer-1870/
https://rarehistoricalphotos.com/bison-skulls-pile-used-fertilizer-1870/

19th Century. Bison were hunted for their skins  to make leather, and bison
bones were used in refining sugar and in the produ ction of fine bone -china.

Tens of millions of bison, comprising s everal sub -species, roamed the Great
Plains and Rocky Mountains prior to  European colonisation . North American
Indians were very dependent on bison. For example, Comanche Indians

(using bow and arrow) were hunting ~ 280,000 bison per year in the 1830 sd a
figure considered to be sustainable (https:/rarehistoricalphotos.com/bison  -skulls -pile -used-
fertilizer -1870/).

Using rifles, the US military  purposefully decimated bison numbers to starve
the Indian population. By 1884, only 325 bison remained and  these were
finally afforded protection. Th ere are presently ~ 550,000 bison in North
America, and hunting is restricted to one bison per licensed hunter per

lifetime. With appropriate safeguards, s uch a rate of hunting is obviously
sustainable since numbers of bison continue to grow.

In Australia , kangaroo culling ( shocting) is also legal; however, landholder s

must obtain permits from the revenant government departments and a

shooter must be accredited, licensed and operate closely with landholders

Since the early the 19th Century, European far ming practices have

substanttal ' y changed Australiads ecol ogi cal

)
é/ How has European agriculture practices affected the numbers of large
kangaroos across Australia? And how has it affected the very small kangaroos

and related marsupials?

Shoul d we be eating more of Australiads
sustainable use of renewable resources? To provide an informed answer,

consider factors such as erosion of the landscape by e.g. beef cattle versus
kangaroos, and even wild (introduced) deer.

We often hear much about sustainable agriculture . Are we really talking
about something that is truly sustainable, or are we reporting that the rate of
degradation of the resource is slowing -down?

For agriculture to be truly sustainable it would be necessary to use either no
conventional (non -renewable) fertiliser . Moreover, the renewable fertilisers
would need to be spread onto the ground using 100% recycled vehicles running
on renewable petrol (e.g. biofuels) . Similarly, water used in sustainable
agriculture would need to be sourced in such a way as to have no measurable
Impact on other parts of the ecosystem that require water.

>y
= Consider the production of bioethanol made from sugar cane, and biogas

made via anaerobic digestion of human sewage, pig manure or municipal
waste. Can bioethanol and biogas be consider ed a truly renewable resource?
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1 Investigate how the timescale required to replenish a large groundwater
system, such as the Great Artesian Basin, is influenced by the rate of
depletion of the system.

North West
Sahara
High Plains aquifer system

aquifer

North China
plains aquifer

Nubian 0
sandstone Gangetic ¥
aquifer system plain 7S
"’
ﬁ Great

Artesian
basin

i o : (7
- Major regional aquifer systems

D Areas with some important but complex aquifers

California
Central Valley
aquifer

Guarani
aquifer

]: Areas of generally low permeability with local minor aquifers
Global groundwater resources (http://4.bp.blogspot.com/-
i5Kg0_297bU/VkdjRB5zXall/AAAAAAAABSO/PZwccVsViZe/s1600/global%2Bgroundwater%2Bresources.jp
9)

Defini tion s:

1 An artesian basin is a geological structure in which water is confined
under pressure ( https://en.oxforddictionaries.com/definition/artesian_basin ).

1 If awell -bore is drilled into a basin or other confining structure and
water moves to the surface under its own hydrostatic pressure, the
water is said to be artesian ; an artesian aquifer is an aquifer whose
potentiometric surface is above ground surface (i.e. water flows to the
surface).

Pervious Strata
Impervious Strata |

Saturation
Level

Schematic representation of the relationship between an artesian well and its relationship to water
recharge areas in the highlands (https:/simple.wikipedia.org/wiki/Great_Artesian_Basin)
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TheGreat Artesian BasifGAB)

The Great Artesian Basin (GAB) covers 1.7 million km 2, 23% of mainland
Australia. dGreat Artesian Basin 0is a hydrogeological term 9 geologists and
in particular petroleum explorers use the term  Eromanga Basin .

Some facts regarding the GAB:

1 The total volume of water stored is ~65,000 million megalitres (6.5x10 10
ML) , sufficient to fill Sydney Harbour 130,000 times.

1 Basin depth ranges up to 3000 metres.
1 Maximum pressure s in the deeper parts of the basin ar e ~1300 kPa.

1 Average temperature of GAB water is around 30 8 60 °C, but can reach
100 °C in the deepest parts of the basin.

Sources: http://www.gabcc.gov.au/basin  and https://theconversation.com/water -in -water -out-
assessing-the -future -of-the-great-artesian -basin-13104

metreE % a % Cenozoic

= WNWMWWAMWMMM_ LAKFE EYRE
1000~ BASIN

w Jurassic-
Cretaceous
EROMANGA
/\AK BASIN
2000

Permo-
Triassic
COOPER
BASIN
Cambro-
Ordovician
WARBURTON
BASIN

3000

Source rock__ M Shale _____ l:l
Sandstone__ |:|
Carbonate_ _ l:l

Schematic section showing typical petroleum (oil & gas) traps in the Cooper Basin (central Eromanga
Basin) area. The Great Artesian Basin is equivalent to the two uppermost sandstone units coloured yellow
(http://mww.petroleum.statedevelopment.sa.gov.au/__data/assets/pdf_file/0009/257931/Eromanga_figures
_6.pdf)

During the early 20th Century  there was somewhat of a boom in water -bore
drilling and production from the GAB. As early as 1912, there was an
interstate conference to consider solutions to depleted flows from GAB water -
bores & more than a century later over exploitation of the GAB co  ntinues.

Source: http:/Mmww.gabcc.gov.au/publications/pressure  -heat-fact-sheet
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Dalhousie Springs, is a natural artesian spring in northern South Australia
(https://en.wikipedia.org/wiki/Dalhousie_Springs)

>
1ME

Great Artesian Basin ____
Intake area — — [__J

Concentration of springs.— @~

Direction of regional flow__ +—
7

Structural ridges — ———— -

500

26¢

Extent of the GAB showing recharge areas in dark green and regional flow vectors as arrows. Many
mound spring complexes such as Dalhousie Springs are sited on geological faults
(https://www.researchgate.net/publication/235128597_Travertine_and_tufa_from_Dalhousie_Springs_Aust
ralia-_Implications_for_recognizing_Martian_springs/figures?lo=1)

Detailed studies have shown that some of the water in the GAB is as old as 2
million years. If this water w as recharged in the uplands of Queensland (see
figure above), and flowed SE to source the mound springs in South Australia,
it would have travelled ~1200 km, meaning its flow rate is only about ~60 cm
per year. It is difficult to know the precise rates of water inflow and outflow
across the basin, which, for such a large system will vary  considerably .

Many mound springs in South Australia, fed from the GAB , have stopped
flowing, and the water -table has dropped. Therefore, out -flow since the early
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20th Century must have been significantly greater than net inflow. Itis likely
to take many thousands , if not tens of thousands of years of natural recharge
to repair over -exploited aquifers in the GAB.

As well as providing water for farming and  pastoral leases the GAB suppliers
water essential to exploration and mining activities.

Adani Australia, a subsidiary of the Adani Group based in India, plans to
excavate a coal mine of unprecedented scale in central Queensland. Please

view the info -graphic on this project at hitps:/theconversation.com/infographic -heres-
exactly -what -adanis -carmichael -mine -means-for-queensland -
876847?utm_medium=email&utm_campaign=The%20Weekend%20Conversation%20 -
%2088727432%20copy&utm_content=The%20Weekend%20Conversation%20 -
%2088727432%20copy+CID_a7a904927hb9bf88180d068f2819b1940&utm_source=campaign_ monitor&
utm_term=Infographic%20heres%20exactly%20what%20Adanis%20Carmichael%20mine%20means%

20for%20Queensland .
If the project goes ahead, the Adani Carmichael mine complex will:
1 stretch for 50 km in length,
1 comprise 6 open-pits and 5 underground mines,

1 incorporate an onsite processing plant and 189 km rail connection, and

1 via a Queensland government licen se, be allowed to extract unlimited
volumes of water from the Great Artesian Basin for at least 60 years.

It is forecast that the Carmichael project wil | use 12,000 ML of water each
year from the GAB 0 the volume is even greater than the 10,000 ML of water
currently extracted by BHP&s Ol ympic

Note: 12,000 ML per year is the equivalent of 13 Olympic swimming pools per
day (https://theconversation.com/why -does-the -carmichael -coal-mine -need-to-use-so-much-water -
75923)

As well as supplying potable water for human consumption, the Great
Artesian Basin supports A$12.8 billion of economic activity. This will be
jeopardized if the GAB continues to be overexploited.
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T Discuss the sustainability of soil and water at local, regional, and global
scales.

As an introduction to this subtopic, please view the short video  (3:25) on land

and water management issues in Australia at
https://www.youtube.com/watch?v=QBCUazd5fe8

Dryland salinity is one of the major issues facing the sustainability  of soil and
water in Australia.

Salt affected valley floor near Ongerup in the SW of Western Australia (https://www.agric.wa.gov.au/soil-
salinity/dryland-salinity-western-australia)

The main cause of dryland salinity in areas that were in the past

agriculturally fertile is deforestation. Prior to land -clearing, there is a natural
balance between precipitation and evapotranspiration ; however, after the
clearing of deep -rooted trees, saline groundwater rises to the surface due to
upward percolation. Build -up of salt at the surface as in the figure above of a
photo near Ongerup in Western Au stralia causes the demise of grasses and
short -rooted vegetation, eventually leaving the land salt -encrusted with low
fertility.

Precipitation

Precipitation Precipitation

4

Evapo-
transportation

Percolation

Before clearing After clearing Later

Most water is used where it falls. Saline groundwater rises and Accumulation of salt at the surface kills

The system is in balance. is concentrated at the surface by protective plant cover. The land is open
evaporation. Vegetation growth is to erosion.

affected.

Schematic diagram of changes to the distribution of salt in the landscape due to changes in land-use
(http://vro.agriculture.vic.gov.au/dpi/vro/vrosite.nsf/pages/lwm_salinity_management_dryland)
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Foramor e detai |l ed eol fdlimtyh an Aus trafia dppfease \Eew the
video (5:48) at https://www.youtube.com/watch?v=P4pX5W_WwU4

N
é//nz‘he vi deo on o0Soil Salinity i n Australiao it

been built to last 25 years are onl y surviving for two due to salt damp. How long do

houses in Europe typically last for? What needs to be done to make housing in

Australia a more environmentally friendly and sustainable?

As South Australian, we are very dependent on the River Murray; wa  ter from

the Murray is used in viticulture and agriculture from where it flows into

South Australia, to its mouth where it enters the Southern Ocean. Upstream

soil salinity of areas that drain into the river, and heavy usage by NSW and

Victoria of impacte d negatively on the water quality in South Australia. The

guality of the water available to Adelaideand S AO06s agricul tural ar
poorer than it was decades ago, and this has had significant social and

economic ramifications, in addition to the obv ious environmental problems.

Maintaining soil quality and the prevention of erosion is an especially difficult
problem in South Australia. L e aStoryofmor e fr
Soil Conservation in SA 6  1atts://www.youtube.com/watch?v=DsdpMCjCVSo

To | earn mor e about salnitye pleasewatch thel shorrvieleod s
on Salinity and the R iver Murray (2:32): https://www.youtube.com/watch?v=gi6ér2lpGoBY

The following worksheet produced by the SA  Environmental Protection
Authority (EPA) provides an overview of dryland salinity in Australia and a

number of research ideas that could be completed by students:
www.epa.sa.gov.au/soe_2008/resources/education/dry_land_salinity.pdf

Water management: the hydro-illogical cycle

The hydro -illogical cycle is a useful concept in understanding how

environmental management is often not a purely scientific issue. Rather,
politics, peopl eds perceptions and economi
to play in environmental management.

In Australia, our cycles of drought and flooding rains are a good illustration of
the hydro -illogical cycle in action. Droughts typically take place over
timescales of multiple years to decades, meaning the effects of drought are
often not instant, but rather creep up over multi  ple years. Action to deal with
the consequences of drought o for example cities running out of water and loss
of agricultural production 9 tend to be reactionary as a result.  While the
times are good and water is plentiful, little action is taken to prot ect against
the effects of drought, such as increasing water storage and managing water
resources more effectively. This means that when the water begins to run out,
panic sets in and rapid and drastic measures have to be taken to ensure there
Is enough w ater to go around, such as water restrictions. ~ When the drought
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breaks and water is again plentiful, people and politicians quickly forget about
the effects of drought, meaning little action is taken to guard against the next
drought and so the cycle begi ns again.

THE
HYDRO-ILLOGICAL

q DROUGHT

Hydro-illogical cycle (http://drought.unl.edu/portals/O/user_image/cycle.jpg)

The hydro -illogical cycle is especially prevalent in Australia, where we seem to
beforevercycl i ng bet ween o0drought a-dllogicadll oodi ng
cycle is expensive & both ecologically and economically. Learn more on the

hydro -illogical cycle at http://iwww.gbra.org/wheel8.swf .

= Does the hydro -illogical cycle occur in Australia?  Try to think of some
examples. How can this cycle be broken? What are the usual political
responses (o the cycle?

Read: Breaking the Hydro -lllogical Cycle: Changing the Paradigm for Drought
Management: http://www.agriskmanagementforum.org/conten  t/drought -risk -reduction -changing -
paradigm -drought -management .
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>
’Q%é The availability and quality of fresh water can be influenced by human

activities, and natural processes at local and regional scales

E ar tvimatescycle

For an introductory overview of (6E@Qatt hods
https://www.youtube.com/watch?v=al -do-HGulk

The water cycle describes how water moves between the hydrosphere, the
atmosphere, how it is used in the biosphere and move s into and out of the
geosphere. This is an extremely complex process which needs to be very much
simplified in these course notes.

In a natural system, water evaporates from the sea and land to enterth e
atmosphere as water vapour. Soon after, this vapour forms clouds. As the
water vapour in clouds cools and condenses, precipitation (rain, snow, hail
etc.) forms and falls onto the land.  This precipitated water then either runs
off the land as surface water via streams and rivers into the sea  or infiltrates
into the ground.

In a natural system, generally more water will infiltrate  the ground than
run s-off into the sea. Infiltrated water ends -up filling the pore spaces and
fractures in soil and rock , becoming groundwater. Groundwater moves at a
much slower rate than surface water but will, generally, make its way back to
the sea over timescales that could range from decades to centuries or even
millennia.

Natural Water Cycle in Coastal South Australia

Southern Ocean Weather

Evaporation
cloud formation

Infiltration of rain "

Ground water ‘ Intermittent
discharge to sea

recharge
Ground water

seepage to streams

Natural water-cycle in South Australia (http://www.epa.sa.gov.au/files/7489 natural water_cycle.jpg)
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T Discuss how storm-water run-off in urban areas may be recycled for
community use so that it is not wasted and does not pollute waterways

Urbanisation

Adelaide, the capital of South Australia has undergone significant changes
since South Australia was proclaime d a British colony in 1836. Prior to
settlement, the Adelaide P lain s consisted of open, grassy areas, with a
significant covering of trees.

View over the Glenelg Plains, looking approximately from present-day Glenelg towards Mount Lofty, South
Australia by John M. Skipper 1837. http://nla.gov.au/nla.obj-135277269/view

= Consider how the landscape of the Adelaide P lain s has changed between
1837 and today. What changes have occurred that affect the natural water
cycle?

Importan tly, large areas of the plain s were covered with wetlands, swamps
and marshes. Consider the historic map of Adelaide in the figure below. It
was, produced in 1837, only a few years after the colony of South Australia
was proclaimed.
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4 : 2 : ADELAIDE,

SOUTH AUSTRALIA:
et s Conmtey Sesriun

Cadastral map (1839) of the district of Adelaide produced by the late Surveyor-General John Arrowsmith. The map
shows how the district was divided into county sectionsb as ed o n Co ltrigomanktrichl sugvéys. dt svas
produced only three years after European settlement and the proclamation of South Australia as a British province,
well before major development on the plains beyond the City of Adelaide proper (http://nla.gov.au/nla.obj-
231421265/view)

3
= Crtically study the creeks and rivers shown in the historic map d do they
connect with the sea? If not, where did the water go after it rained?

In Adelaide prior to settlement, there was little direct connection between
watercourses and Gulf St Vincent . Most water was intercepted by extensive
systems of wetlands, bogs and marshes , allowing most of th e water to

infiltrate into the ground.  Water t hat did escape tothe sea would have been of
a high quality (i.e. it was filtered of suspended solids) after passing through
these wetlands the aforementioned wetlands.

There are very few pristine features that remain  of pre-1837 Adelaide. What
does remain is the odd large and gnarly eucalypt & but little else. This natural
Adelaide P lain s has been replaced by a city of 1.3 million people. Such
urbanisation has drastically altered the local water cycle.

Urbanisation leads to an increase in surfaces such as rooves, driveways, roads,
footpaths and carparks. These hard surfaces do not allow muc h water to seep
into the ground. Consequently, large quantities of water flow directly into
drains, which in turn  flow into creeks and rivers, and eventually into the sea.
This runoff is referred to as storm-water . The figure below highlight

important elements of the urban wa ter cycle.
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Urban Water Cycle in Coastal South Australia

Southern Ocean Weather

— Roofs, roads and
pavements stop
infiltration

Evaporation

cloud formation

; 3 = @ = More runoff at
ss infiltration of ram’ G 5 faderrtaang
Soil frequent inputs to
Much less ground the sea carrying
water recharge pollutants

Low ground water

The urban water-cycle (http://www.epa.sa.gov.au/files/7492_urban_water cycle.jpg)

= Compare this w ater cycle t o the natural water -cycle. How long would it
take water to drain back into the sea after falling on the land in an urban
environment compar ed to a onatura?dé or rural env

The image below is a recent oblique aerial photo of Adelaide, looking fromt he
outlet of the River Torrens towards the Adelaide CBD, with the Mount Lofty
Ranges in the background.

Major discharge of stormwater (dark water body of increased turbidity) from the River Torrens into

Adel ai de 6s c(GuUf SttViadent)wrs2b @atober 2005. Photo by S. Bryars.
(https://www.researchgate.net/profile/Jochen_Kaempf/publication/261174132/figure/fig7/AS:29690809554
1255@1447799814673/Fig-7-Major-discharge-of-stormwater-from-the-Torrens-River-into-Adelaide%27s-
coastal.png)

= Compare and contrast the historic map and painting from the 1830 s with
the above image. How has the landscape changed? How have these changes
impacted the water cycle? Consider the amount of concrete and hard surfaces
now present. This photo was taken after a heavy rainfall event and shows
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River Torrens discharging highly turbid (  dark and murky) stormwater into
Gulf St Vincent .

Note the contrast in colour between the ¢l ear seawater in the foreground of
the image, and the turbid river water  closer to the beach. Prior to settlement,
would it have been possible for this discharge to occur?  What effects could this
water have on photosynthetic organisms such as seagrass and coral which
grow in relatively shallow water  close to the shore?

Stormwater pollution

Please watch the video QAN Introduction to Urban Stormwater Pollution 6 at
https://www.youtube.com/watch?v=X5T1815YPG8

Stormwater catchments , the area of land over which stormwater is collected,
is often very diverse, potentially covering both urban and rural areas. The
type of catchment from which water is collected has a stron g influence on the
guality of that water.  The heterogeneous nature of stormwater catchments
means that the range of pollutants found in this water also tend to be highly
diverse and change over time . Typical stormwater pollutants include:

1 metals such as copper, zinc and lead, along with oil and grease from
road surfaces,

1 nutrients such as nitrate and phosphate from fertilisers and animal
wastes,

1 pathogens from animal faeces and sew er contamination (sometimes
sewers that carry human waste leak),

1 rubbish (bottles, cans plastics) and pla nt materials such as leaves, and

M sediments such as sand and silt .

Impact of stormwater pollution on seagrass communities, Gulf St Vincent

The Adelaide Coastal Waters Study (ACWS), spearheaded by the SA EPA and
Flinders University, produced a coastal water quality improvement plan in

2013, after more than a decade of intensive research. One of the primary
motivations for undertaking this major study was the significant loss of
seagrass communities along the Adelaide coast.

Seagrasses are angiosperms (flowering pl ants) which form colonies referred to
as underwater meadows , in both coastal and marine environments.
Seagrasses baffle the energy of waves as they approach the coast, thereby
helping to reduce beach erosion and also provide valuable , indeed essential
habitat for a variety of marine animals.
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A seagrass meadow about to flower, offshore Adelaide
http://www.epa.sa.gov.au/files/11736_seagrass_mar_2016.medium.jpg

Since European settlement on the Adelaide Plains, more than ~ ~5000 hectares
of seagrass (the equivalent to the grassed area of ~3000 Adelaide Oval s) has
been lost from the Adelaide coastal z one. The destruction of seagrass
meadows and associated ecosystems can be directly attr ibuted to the input of
nutrient -rich, turbid and coloured water from stormwater and wastewater
discharges.

The graph in the figure bellow shows how the reduction of sea grass meadows
over time correlates with the introduction of various stormwater and
wastewater discharges.

Rate of seagrass loss 1950 -1995 Largs Bay to Glenelg
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constructed sludge outfall begins constructed
Timeline of seagrass loss from Largs BaytoGlenel g i n Adel aidebdés coastal waters

(https://www.environment.sa.gov.au/files/sharedassets/public/coasts/seagrasses.pdf)
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CASE ~ Protecting South Australia’s valuable seagrass communities

Seagrass is critical for maintaining biodiversity in coastal waters. Seagrass communities in South Australia are considered to be amongst
STU D the largest and most diverse in the world. However, urbanisation has devastated communities off the Adelaide metropolitan coast.
The Fleurieu coast could also experience seagrass decline if future urban expansion dees not minimise human impacts.

mmﬁuang‘_';:: Seagrass stabilises underlying sand and reduces erosion. The loss of The ecosystem services value of scagrass
o soagrass maqmw has led to increased sand erosion of Adelaide’s beaches. for South Australia
approximately times more Each year it casts ElEmEE
biediversity than to replenish Adelaide’s
bare-sand communities. ey Seagrass meadows help to
reduce wave energy
and prevent storm por hectaro each year.

damage to coastlines.

Adelaide metro Fleurieu coast ~

Over the past 5 0 years, Adelaide’s metropolitan coast ) ) The Fleurisu’s seagrass communities ars largely
has lost more than hectares The Fleurieu coast is targeted for intact. Action is underway to protect these

> of scagrass. communitios as urbanisation incroasos.

14,500 —

Restoring seagrass ontering Flourieu’s coastal

‘waters and the baseline
condition of all

:ys.‘, W Coe e | o 2 2 , 0 0 0 in gf:nm

and wastewater
reuse schemes are in The 30-Year Plan for Greater Adelaide. seagrass
MNutrient loads in Adelaide’s coastal waters reducing wastewater ) ) . areas.

L1~

have increased by ontoring Adelaido’s
a factor of =
- coastal waters.

Schematic summaryof t he value of Adel aideds seagrass communit.i
(http://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about-us/our-regions-plan)

The ACWS delivered a number of important recommendations to help protect
Adel ai d eificeding @a&ientto reduce :

stormwater and wastewater discharge into Gulf St Vincent,
the amount of suspended solids with in stormwater by 50%,

inputs of nitrogen by 75%,

= =2 =4 =4

the amount of coloured dissolved organic matter discharged from
stormwater.

For these recommendations to become achievements, improvement s to the
urban water cycle are required . Consider the following figure that highlights
elements of the improved urban water cycle in the Adelaide region.

52


http://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about-us/our-regions-plan

Improved Urban Water Cycle in Coastal South Australia

Southern Ocean Weather Green roof and walls
. \ Stormwater
Rain tree pit
garden/ P’
Bio-
filtration

Porous
paving
¥

Runoff and
Improved discharge closer
nfiltration G Eain to natural water
cycle. Pollution
removed by
Improved ground treatments such
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Improved urban water-cycle in coastal South Australia
(http:/Mmww.epa.sa.gov.aulfiles/7484_improved_urban_water_cycle.jpg)

= What changes to the way we plan cities and urban areas to restore the
water cycle to a more natural state? Where in the world have such changes
been implemented (successfully or otherwise)?

Stormwater capture and reuse

In the greater Adelaide region, an average of 86 GL (1 GL or gigalitre = 1
billion litres) per annum of stormwater discharges into the sea. The ACWS
identified that up to 70% (60 GL) per annum of this discharge could be
captured forreuse 0t hat & s o &5Q,008 Olympic-sized swimming pools
worth of water per year!

Wetlands and water sensitive urban design

Urban wetlands and water sensitive urban design assist in improving the
urban water cycle.

Please watch the extended video on the function of wetlands , water reuse and

management in the Ci ty of Salisbury (15:06) at
https://www.youtube.com/watch?v=ToxhwoWEjjc

In Adelaide, e.g. the City of Salisbury, and many other cities around the globe ,
wetlands are being reinstated within urban environment s. This enlightened
urban planning policy recognises that wetlands filter water in a number of

ways; through the physical trapping of debris, absorbing excess nutrients,
reducing sediment discharge i nto creeks and rivers , and by assisting the
purification of water with respect to some  undesirable chemicals and

microbes.
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Schematic representation of natural water purification by wetlands
(http://nmfarmgirl.umwblogs.org/files/2013/02/wetlands-purification-diagram.jpg)

Litter , especially plastics in waterways can be hazardous to wildlife and are
foreign to the natural ecology . Wetlands can trap some, but not all of the
unwanted debris within reed beds . The installation of rubbish trap s (e.g.
trash racks ) to wetlands reduces the amount of physical debris moving
through the waterway, thereby improving the water quality.

Trash racks capture rubbish transported in storm-water at the Urrbrae wetland in suburban Adelaide.
http:/Mmww.mitchamcouncil.sa.gov.au/webdata/resources/images/DSCN2655.JPG

Excess nitrate and phosphates are a common pollution problem in South
Australian waterways and are a major cause of  often toxic, algal
(cyanobacterial ) blooms. The stormwater system and water runoff introduces
pollutants such as leaves, debris, fertiliser s, herbicides, detergents and animal
faeces to the waterways, increasing the am ount of nutrients in the water.

When wetlands are incorporated into the urban infrastructure, t he chances of
algal blooms are reduced because plants in and surrounding the water bodies
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absorb excess nutrients from the water and soil. = Moreover, within wetlands,
sediment particles are able to settle and accumulate as sedimentary substrate
When water flows are slowed within wetlands, sediments that accumulate

help trap pollutants such as heavy metals and chemicals , that become part of
the silty/clayey sediments

The Sun& UV rays are effective in killing bacteria in waterways, but only
where the water is clear a nd is less than one metre deep.

The following table lists typical removal efficiencies for various pollutants in
artificial wetlands.

Table 13.1 Typical Annual Pollutant Load Removal Efficiencies for Constructed Wetlands

Pollutant Expected Comments
Removal
Litter >95 % Subject to appropriate hydrologic control
Total suspended 65-95 % Depends on particle size distribution
solids
Total nitrogen 40-80% Depends on speciation and detention time
Total 60-85 % Depends on speciation and particle size distribution
phosphorus
Coarse sediment = 95% Subject to appropriate hydrologic control
Heavy metals 55-95% Quite variable, dependent on particle size distribution,
detention time etc

Source: Department of Environment WA (2004)

Source: https://www.sa.gov.au/topics/planning-and-property/land-and-property-development/planning-
professionals/water-sensitive-urban-design

In addition to wetlands, water sensitive urban design and rain gardens have
the potential to be integrated into urban wate r management strategies. Rain
gardens are constructed gardens designed to capture and treat stormwater
runoff from hard surfaces. The stormwater is diverted through the garden

and pollutants are removed through sedimentation, binding to components in

fil ter media and through the action of specially selected plants and their
associated microbial communities. They can be scaled to match the
catchment. After treatment by the raingarden, stormwater can be captured

for reuse or allowed to re -enter the stormwater system.

Additional information on rain gardens is provided at
http://www.epa.sa.gov.au/environmental_info/water_quality/programs/rain -garden-500.
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Established bio-filtration rain Rain garden bio-filtration system, Tree pit bio-filtration system,
garden beds at Linde Reserve, prior to planting, City Of West Beechway Ave, Brooklyn Park
Stepney Torrens

Examples of different types of rain garden (http://www.epa.sa.gov.au/files/10792_raingarden_info.pdf)

Vegetated swale; an example of water-sensitive urban design
(http://www.naturalresources.sa.gov.au/files/sharedassets/adelaide_and_mt_lofty ranges/images/water/ve
getated-swale-underdale-gen.jpg)

Managed aquifer recharge

Managed aquifer recharge (MAR) refers to the process whereby water, such as
stormwater or wastewater, is captured and injected into  underground

aquifers. MAR allows excess water to be captured during wet months, stored
underground helping to replenish otherwise depleted aquifers, and then be re-
extract ed during dry months.

In Adelaide, this technique is successfully used by a number of local councils
as a water management technique, enabling them to utilise the stormwater
resource that falls in their urban and rural catchments, to reduce their

C 0 mmu n iretiapcé en ma ins ultimately sourced from reservoirs in the Mt
Lofty Ranges or the River Murray.

The City of Marion recently installed wetlands and engineered a MAR facility
at Oaklands Park: (3:17) ; for more information visit the videos at
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https://www.youtube.com/watch?v=vRA50U09Lwk and
https://www.youtube.com/watch?v=RMHJEsSNUoHE

MAR is often used in conjunction with wetlands. The water is first treated i n
the wetland, removing excess sediments, nutrients and pollutants before being
injected underground. If the water is not treated prior to injection, there is a

risk that the suspended sediments in the water could clog the pore spaces in

the aquifer, prev enting water from moving through it. In the worst case
scenario this could permanently damage the permeability of the aquifer.

The following figure shows two common techniques used in MAR with respect
to confined or unconfined aquifers .

A Confined aquifer

Capture zone Pra-treatment Recharga Recovery Post-treatment End use

|

G G e )

Low pemeability confining layer
Piezometric level

Armnbient Subsurface  ——

Confined aguifer
groundwater storage

e

B. Unconfined aquifer

Capture zone Pra-traatmant Recovery Post-treatmeant End usa

Infiltration basins

+¢+

e ——
e

Racharga Permeable soil

Subsurface storage - -

Ambient *.f—" Unconfined aguifer

groundwater i

Techniques used in MAR
(http://groundwater.com.au/media/W1siZilsljlwMTQvVMDkvMDQVMDRfNDFMThfMzBfR3JvdW5kd2F0Z X Jf
aW5fQXVzdHJIhbGIhX0ZJTkFMX2Zvcl93ZWIucGRmIl1d/Groundwater%20in%20Australia_ FINAL%20for
%20web.pdf p 31)

The first technique (A) is commonly used in Adelaide.  This is because the

aquifers suitable for M AR are located deep underground, beneath multiple

layers of clay and rock which prevent the downwards movement of water from

the surface. These aquifers are said to be confined. A well (water bore) is

sunk into the target aquifer and water is pumped, under pressure, into the

aquifer. Thi s forms a O6bubbl ed withintheragudec t ed wat e
When it is deemed that water is needed at the surface, the same bore is used

to pump water from th e aquifer back to the surface .

When groundwater is located closer to the surface, and the soils have a high

permeability , technique Bcanbeused. Her e, water is collected
basind which gives the water sndf Theci ent t i
water can then be pumped out via a shallow well for reuse at the surface .
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Technique B, the recovery of water from an unconfined aquifer, has been used
since the 1960s in the Burdekin De Ita, Queensland .

There are many other methods used to achieve MAR, as outlined in th e figure
below.

Percolation tank infiltrates intermittent Wells in alluvi
flow to recharge alluvial aquifer. Water el's in alluvium

i i induce filtration
is recovered from wells down gradient through bank

of stream

Rainwater harvesting
and infiltration with
recovery
domestic wells

Sewage treatment
water reclamation
and recharge
to limestone aquifer

for winter storage
and recovery for
summer irrigation

fr Recovery from sandstone
> aquifer for urban supply
/ ¥ > /|

Recharge from
infiltration pond.

Recharge to
sandstone
aquifer

Water harvested in wetland sezmad] | = R P T et e —
=7 then Aquifer Storage and

Recovery (ASR) using limestone
aquifer for irrigation supplies

brackish
groundwater

MAR is adapted to the local situation, and is usually governed by the type of aquifer, topography, land use and
intended uses of the recovered water. This diagram shows a variety of recharge methods and water sources making
use of several different aquifers for storage and treatment with recovery for a variety of uses. An understanding of the
hydrogeology of the locale is fundamental to determining options available and the technical feasibility of MAR
projects. Recharge shown here occurs via wells, percolation tanks and infiltration basins. (Adapted from Gale 2005,
with permission)
(https:/iwww.researchgate.net/publication/304620744_Managed_aquifer_recharge_an_introduction_Waterlines_Repor
t_Series_no_13 February_2009_National_Water_Commisssion_Canberra)

Additional resources

Understanding stormwater:

http://www.epa.sa.gov.au/environmental_info/water_quality/programs/stormwater/understanding_stor
mwater

Stormwater pollution prevention:

http://www.epa.sa.gov.au/environmental_info/water_quality/programs/stormwater/pollution_preventio
n_for_business_activities

Further information on Adel ai deds coastal waters:
http://www.epa.sa.gov.au/environmental_info/water_quality/programs/adelaide_coastal_waters

| mportance of thAd$:el ai deds we
http://www.epa.sa.gov.au/environmental_info/water_quality/programs/wetlands

Technical manual for water -sensitive urban design in Greater Adelaide:

https://www.sa.gov.au/topics/planning -and-property/land -and-property -development/planning -
professionals/water -sensitive -urban -design

Strategic plan for region, including detailed information on seagrass

communities in SA: hitp://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about  -us/our -
regions-plan
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MAR: https://www.environment.sa.gov.au/managing
resources/stormwater/managed -aquifer -recharge

Scales of MAR: https://www.environment.sa.gov.au/managing
resources/stormwater/managed -aquifer -recharge/mar -scales

T Explain how over-extraction of groundwater fr
may cause inflow of sea water

What is groundwater?

-natural -resources/water -use/water -

-natural -resources/water -use/water -

om near-coastal aquifers

Please watch the short video (3:29) that introduces the concept of groundwater

at https://www.youtube.com/watch?v=2dshTDiYpLA

Another video (5:45) deals specifically wi t h t

resources, including MAR can be accessed at
https://www.youtube.com/watch ?v=Z2HQY5A30-s

he Adel aide regi

It is often thought that groundwater exists as underground streams of water:
This is very rarely the case. Rather, groundwater refers to the water that fills
and saturates tiny pore spaces in soils, gravels, rock and rock fractures

beneath Ear t hods

1 Water that infiltrates the ground after rainfall

Thare dreatwogorimary sources of groundwater:

, and

1 Rivers and streams that drain or leak into the ground.

An aquifer is an underground geological unit which is
transmitting groundwater.

capable of storing and

Aquifers vary greatly in terms of their

composition, the quality and quantity of water they can transmit and their
connectivity with other aquifers, surface streams, lakes and the ocean.

Land Surface

3

| ‘vg ] : AR T b'ﬁ' 'o..o : Surface Water
06", a SRR © o,

10.0' 840 aud Y 37 5¢D % ““Groundwater+ a Kb Ve A
p. 01640, 8T 50 $arurated Zone 5a° B 1, 1980 99 12i0 0560,

Fractured rock

D Vim

Groundwater fills the spaces
between soil particles and
fractured rock beneath the

earth’s surface.

Gravel

Basic schematic of the modes of occurrence of groundwater (http://www.groundwater.org/get-

informed/basics/groundwater.html)

Groundwater is a vital source of fresh water: Globally,
represents about 98% of available fresh water
found on E a r t durfase in creeks, rivers and lakes.
in Australia, particularly arid areas , that depend on
reliable source of water.
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Groundwater is a finite resource. If water is taken out of an aquifer faster

than it is replaced, it is possible for the aquifer to run out of usable water. In
some instances, over extraction of water from an aquifer can cause permanent
damage to that system.

A | arge proportion of Australiads popul ati
areas. Consequently, a particularly high demand is placed on coastal
groundwater aquifers.

The figure b elow, shows a schematic representation of a simplified conceptual
model of seawater intrusion into a coastal aquifer . In the model, the
groundwater aquifer extends under the ocean surface and becomes
increasingly saline as it extends offshore; the water transitions from low
salinity fresh groundwater to saline groundwater. The saline groundwater
extends i nl an theneath thafreshgreuhdyeatd , d a mixi ng zone
has formed between the two.

Question: Whydoes | ess saline water O6s/itdé above m
might the saline groundwater extend inland as a wedg e at the bottom of the
aquifer?

Answer . Water of higher salinity is  denser as it contains more diss olved salts.
Therefore, denser fluids sit at the bottom of the aquifer. This difference in
density also creates a difference in hydraullc head , causing the more saline
wat er to oOopushdé [ nl and.

Land surface -— Extraction bore

— ]

Unsaturated
zone

Fresh groundwater

__’.
_’.
/
— 15'&
> /'\5‘*09
-

///'d .;.——_' - Saline groundwater

Agquifer basement

Saltwater wedge ‘toe’

Simplified conceptual model of seawater intrusion into a coastal aquifer
(http://groundwater.com.au/media/W1siZilsljlwMTQvVMDkvMDQVMDR{fNDFMThfMzBfR3JvdW5kd2F0Z X Jf
aW5fQXVzdHIhbGIhX0ZJTkFMX2Zvcl93ZWIucGRmIl1d/Groundwater%20in%20Australia_ FINAL%20for
%?20web.pdf)

The groundwater model described in the figure is realistic & in a natural
system, equilibrium is reached between fresh and saline groundwater, with
the 6toed of the wedge remaining in a reas

If the amount (pressure) of freshwater within a coastal aquifer changes, this

can potentially alter t heVNhgndhetogaftben of t he
wedge is drawn inl and, this is referred to as saltwater intrusion . Saltwater

intrusions occur when there has been over extraction of fresh groundwater in

coastal areas.
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= List the types of human induced (anthropogenic) changes that could
impact the amount of freshwater within a coastal aquifer. Think about the
mechanisms that allo w water to enter and exit the aquifer. Consider
urbanisation, water use (pumping) and changes in rainfall (climate change).

Please watch another video (7:12) concerning current resource condition of
groundwater in the Adelaide region at https://www.youtube.com/watch?v=yHGo9xDYFRY

One of the primary causes of saltwater intrusion in coastal aquifers is

pumping. Cities, towns, industry and agriculture often utilise groundwater
extracted from coastal aquifers. Saltwater intrusion can occur when the rate

of water extraction from an aquifer is not matched by the amount of r  echarge
into the aquifer. Unlike a rainwater tank or dam, coastal aquifers do not

si mpl y 0 rhenrall therwstér haw been used-up. Rather, due to physical
processes, more saline water is drawn into the aquifer to compensate for  the
water that has been pumped on the coastal plain

The figure below illustrates the types of changes that can be expected within
an aquifer where f resh groundwater has been pumped out at a faster rate
than it could be replaced. Two important features are present

Firstly, a cone of depression has formed around the pumping well.  Like any
fluid, groundwater flows from areas of high elevation and pressure to areas of
low elevation and pressure. In hydrogeology, this combination of elevation
and pressure is referred to as hydraulic head . Grounawater will always flow
from high hydra ulic head to low hydraulic head . Thus, for water to flow
towards a well, the hydraulic head close to the well must be lowered. In an
unconfined aquifer , this lowering of hydraulic head is observed as a cone of
depression, i.e. the lowering of the water t able proximal to the well.

Secondly, the seawater wedge has been drawn inland and towards the well
due to lower ( freshwater ) hydraulic head where the groundwater enters the
screened (lower) well .

Groundwater pumping

Fresh groundwater

Diagrammatic representation of seawater intrusion into a coastal aquifer as a result of pumping
(http://mww.groundwater.com.au/media/W1siZilsljlwMTQvMDYvMjMvMDN{MzIfMDhfMTNfU1dJX0ZpZ3Vy
ZTluanBnllosWyJwliwidGh1bWIiLCI2NzB4110sWyJlliwianBnll1d/SWI-Figure2.jpg)
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The other potential cause of seawater intrusion in coastal aquifers is a
reduction in the amount of wa ter recharging the aquifer.  Urbanisation
reduces the amount of water that can infiltrate into the ground, thereby
reducing recharge. Climate change modelling suggests that average rainfall
will be reduced in some parts of Australia, further reducing the groundwater
recharge.

In totality, the combination of increased pumping, urbanisation and climate
change is placing coastal aquifers under stress.  The sustainable use of
groundwater will be key in ensuring this important resource remains
available for fut ure generations.

2 Is the term dsustainable groundwater use oan oxymoron? Or put another
way, Is there such a thing as dsustalinable use of groundwater 0?

Further resources concerning groundwater
What is groundwater? : http://groundwater.com.au/what -is-groundwater

Groundwater Essentials booklet (former National Water Commission):
http://webarchive.nla.gov.au/gov/20160311095403/http://archive.nwc.gov.au/library/topic/groundwater/
groundwater -essentials

Groundwater in Austr alia (National Centre for Groundwater research and

Training, Flinders University):
http://groundwater.com.au/media/W1siZilsljlwMTQvVMDkvMDQVMDRfNDFMThfMzBfR3JvdW5kd2
FO0ZXJfaW5fQXVzdHJIhbGIhX0ZJTKFMX2Zvcl93ZWIucGRmIl1d/Groundwater%20in%20Australia_F
INAL%20for%20web.pdf

1 Explain how pollution of groundwater can result from a variety of rural,
urban, and industrial activities.

Crop dusting in the Mid North of South Australia. Agricultural chemicals can drain off the land and end-up
in water supply systems (http://ramblingsdc.net/Australia/OldPhotos/CropSpraying_3cs.jpg)

Sources and mechanisms of groundwater pollution
Please watch the following videos:

dSources of Groundwater Contamination 0(3:26) at
https://www.youtube.com/watch?v=9 -JBr76ITQA

oHow pollutants enter groundwater 6 ( 4: 35) at
https://www.youtube.c om/watch?v=5xs1jLIbztE
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oGroundwater contaminat ion in South Australia ¢ ( lat 1 1)
https://www.youtube.com/watch?v=GyaXbaPCS -Q

Groundwater is an integral part of the global water cycle. As water mo ves
through the water cycle, it can collect contaminants along the way.
Contamination may occur naturally within the groundwater system or may be
introduced from external sources, particularly as a result of human activity
(anthropogenic contamination ).

Examples of anthropogenic contamination include:

1 septic systems

improper hazardous waste disposal

underground storage tanks (especially for petroleum)
landfills

sewers and leaky pipes

pesticides and fertilisers

faulty or abandoned wells

=4 =2 =4 -4 -4 -4 -5

mining activities

For further information on  anthropogenic contamination visit
https://lwww.epa.gov/sites/production/files/2015 -08/documents/mgwc -gwcl.pdf

The figure below identifies some of the primary routes of groundwater
contamination.

SOURCES OF GROUNDWATER CONTAMINATION

Sources of groundwater contamination (http://www.groundwater.org/get-
informed/groundwater/contamination.html)
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Typical sources of potential groundwater contamination (https://www.epa.gov/sites/production/files/2015-
08/documents/mgwc-gwcl.pdf)

Additional resources

Sources of groundwater contamination:  http://iwww.groundwater.org/get -
informed/groundwater/contamination.html

Site contamination in SA: http://www.epa.sa.gov.au/environmental_info/site_contamination
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