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O
utline

•
W

hat are renew
able energy resources?

•
W

hy use them
 to generate electricity?

•
S

pecific renew
able energy resources for

generating electricity

•
C

areer opportunities for electrical engineers

•
C

onclusions
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E
nergy resources

used by hum
ans

•
F

ossil fuels (coal, oil, natural gas):
–

B
iom

ass converted &
 stored in geological

form
ations

•
N

uclear energy (fission &
 fusion):

–
N

aturally occurring: geotherm
al &

 solar energy

–
H

um
an-m

ade: nuclear pow
er &

 w
eapons

•
R

enew
able energy resources:

–
S

olar, biom
ass, w

ind, hydro, tidal, w
ave, ocean

therm
al, geotherm

al
•

D
erived from

 natural nuclear &
 gravitational forces
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W
hy use renew

able energy
resources?

•
F

ossil fuels:
–

R
elease oxides of carbon (clim

ate change),
nitrogen &

 sulphur into the atm
osphere

–
M

ining im
pacts; uneven hum

an access

•
N

uclear energy (hum
an created):

–
C

oncerns about accidents; long-term
 storage

of nuclear w
aste; nuclear w

eapons

•
R

enew
able energy m

ay be m
ore benign:

–
A

ll electricity generation has adverse im
pacts
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G
lobal air tem

perature records
 (http://w

w
w

.cru.uea.ac.uk/cru/info/w
arm

ing/)

“It is now
 evident that hum

an activities are already
contributing adversely to global clim

ate change.
B

usiness as usual is no longer a viable option.”
(A

cadem
ies of S

cience of 17 countries including A
ustralia, M

ay 2001)
 (w

w
w

.science.org.au)
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E
lectricity contribution to A

ustralian
greenhouse em

issions (%
)
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u
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o
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to
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W
hy do w

e use electrical energy?

•
R

eadily produced from
 m

ost prim
ary energy

form
s (fossil, nuclear, renew

able)
•

R
eadily delivered from

 point of generation to
point of end-use

•
R

eadily used to deliver m
ost highly valued

stationary end-use energy services, eg:
–

Lighting, heating, cooling, electronics, m
otive pow

er

•
B

ut:- high quality, hard-to-store energy form
:

–
E

xpensive to m
ake in term

s of therm
odynam

ics &
external im

pacts (&
 not easy to use for transport)

–
E

xpensive w
hen supply is interrupted
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G
enerating electricity using

renew
able energy resources

•
S

olar energy

•
B

iom
ass energy

•
W

ind energy

•
H

ydro energy

•
T

idal energy

•
W

ave energy

•
O

cean therm
al energy

•
G

eotherm
al energy
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S
olar energy - photovoltaics

•
P

V
 cells convert solar energy

directly to D
C

 electricity
–

U
se inverter to create A

C

•
S

tand-alone or building
integrated
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A
stroP

ow
er S

unU
P

S
T

M

B
uilding-Integrated P

V
 &

 U
P

S

1.
P

V
 P

anel
2.

Inverter (synchronised to
the m

ains)
3.

B
attery for U

P
S

 function
4.

E
ssential circuits

supported by U
P

S
5.

Low
 priority circuits not

supported by U
P

S
6.

U
tility m

eter
7.

P
V

 is proven but
expensive technology

(http://w
w

w
.astropow

er.com
/sunups.htm

)
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S
olar energy - therm

al electric

•
S

olar energy >
 therm

al energy >
 electrical energy

–
W

orking fluid: steam
, oil or (for high concentration) sodium

•
S

till under developm
ent

(w
w

w
.greenhouse.gov.au)
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B
uilding Integrated P

V
 &

 S
olar H

ot W
ater assessm

ent:
•

K
ey variables:

–
S

ystem
 efficiency

–
S

olar radiation
–

T
em

perature
–

R
ooftops
•

area,orientation,
tilt, shading

•
F

urther w
ork needed:

–
R

ooftop resource
–

S
hading

A
ustralia has excellent solar resources but best in N

W

S
olar R

esource

(w
w

w
.greenhouse.gov.au)
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B
iom

ass energy

•
E

nergy crops, possibly also for salinity control
•

A
gricultural by-products - eg bagasse (sugarcane)

•
M

unicipal w
astes

•
B

urnt directly or converted to liquid or gaseous fuels
(w

w
w

.greenhouse.gov.au)
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W
ind energy

•
600 kW

 w
ind generator at

N
ew

castle (>
5 years old):

–
Latest m

achines up to 3 M
W

•
N

orm
ally installed in “w

ind
farm

s” in rural areas

•
D

ependent on good w
ind

resources, grid access and
appropriate land-use

•
F

astest grow
ing renew

able
technology w

orld-w
ide:

–
A

ustralia lags behind E
urope
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U
sable W

ind R
esources in

A
ustralia

•
M

odel for
–

W
ind S

peeds

–
Land A

vailability

–
G

rid access

•
R

ed =
 Land exclusion

•
B

lue =
 >

 6.2 m
/s at 50m

•
A

ustralia has excellent w
ind resources
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H
ydro energy

•
F

rom
:

–
P

otential energy of
w

ater in storage dam

•
T

o:
–

R
otational kinetic

energy in turbine and
then electrical energy

•
A

t good sites, large
hydro can be cheaper
than coal-fired pow

er
stations

(w
w

w
.greenhouse.gov.au)
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T
idal energy

•
Low

-head hydro w
ith tw

o-directional flow
•

T
idal range varies w

ith solar-lunar alignm
ent

•
S

ea w
ater m

ore corrosive than fresh w
ater

•
Low

 head im
plies less

cost-effective than
m

ost hydro



18

W
ave energy

•
W

ave energy derives
from

 w
ind energy:

–
E

nergy density varies
dram

atically

•
N

eed strength to survive
storm

s yet cheap &
sensitive enough to
produce energy from
sm

all w
aves

•
S

till under developm
ent

(w
w

w
.greenhouse.gov.au)
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O
cean therm

al energy

•
H

eat engine that uses tem
perature difference

betw
een surface &

 ~
1000 m

 depth (in tropics)

•
S

till under developm
ent, low

 C
arnot efficiency

(w
w

w
.greenhouse.gov.au)
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G
eotherm

al energy - groundw
ater

(W
airakei, N

ew
 Z

ealand)

•
G

eotherm
al pow

er plant using natural ground
w

ater

•
N

o suitable
sites in
A

ustralia

(w
w

w
.greenhouse.gov.au)
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G
eotherm

al energy - hot dry rock

A
ustralia has plentiful hot dry rock at ~

3000m
(needs w

ater injection)

T
rial in C

ooper B
asin, S

A

(w
w

w
.greenhouse.gov.au)
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A
E

A
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M
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E
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C
areer opportunities for
electrical engineers

•
T

echnology developm
ent:

–
P

V
, solar therm

al, biom
ass, w

ind, hydro,
tidal, w

ave, O
T

E
C

, geotherm
al

•
S

ystem
 design &

 installation

•
S

ystem
 operation

•
P

ow
er system

 integration (netw
ork,

operation, protection, planning)
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C
onclusions

•
G

row
ing interest in electricity generation

from
 renew

able energy:
–

C
lim

ate change

–
T

echnological progress

–
R

esource security (in som
e countries)

•
G

row
ing em

ploym
ent opportunities:

–
T

echnology, system
 design &

 installation

–
O

peration &
 pow

er system
 integration


