
Renewable EnergRenewable EnergRenewable EnergRenewable Energ
Sustainable - Alt

Engine
Dean Pa

University of Nebra

FASCO Australia P/L,

Past President IEEE P

gy Engineeringgy Engineeringgy Engineeringgy Engineering
ternative Energy 
eering
atterson
aska, Lincoln, USA.

, Melbourne Australia

Power Electronics Societyy



The Good News aThe Good News a

 Good news, Conserva
holds.

 Bad news, so does th
Thermodynamicsy

 Patterson’s Theory of
(plagiarised)(plagiarised)

nd the Bad Newsnd the Bad News

ation of energy 

he 2nd Law of 

f Doom 



Tom Stoppard, ArTom Stoppard, Arpp ,pp ,
 Septimus:-“So the im

Universe must ceaseUniverse must cease
Dear me”.

 Thomasina :-"Yes, w
are going to dance.”

 The time scale

rcadiarcadia
mproved Newtonian 
e and grow colde and grow cold, 

we must hurry if we 



The hard realityThe hard realityyy
 No energy is “renewa

The best aim is for su The best aim is for su
– Hydrocarbon fuels sto
– We are using in centur

over aeons 
th th t f h tthe threat of shortage
Urban air pollution
Greenhouse gasGreenhouse gas
Thermal load on globe 

ble”
stainabilitystainability
re solar energy
ries energy stored 

 



Energy - Power - LEnergy - Power - Lgygy

 Energy has the ability Energy has the ability
– Scientific - joule

El t i l kil tt h– Electrical - kilowatt hou
 Power is rate of delive

– Scientific / everyday, w

Lord KelvinLord Kelvin

y to do work unitsy to do work, units

LES 7 /kWhur, LES ~7c/kWh
ering energy, units
watt, (1 joule/second) 



Tutorial on PowerTutorial on Power

 Human being, on bike 2
 Small Automobile 6
 Jet aircraft engine 3
 Nebraska Utilities 4 Nebraska Utilities 4
 Solar Panel 5

rr

200 W
60,000 W,
30,000,000 W  (F*V)
4 563 000 000 W4,563,000,000 W
50 W



CostsCosts

 If we are to spend $20p
solar panel, OR, at 7c 

– (2860 kWh, 3.6 MJ per k

 At 50 watts, 4.5 hours 
it would take 35 yearsit would take 35 years 

 Plus, if we want to rea
years for a battery ……

– Plus power electronics …

00, we could buy a  50 W y
/kWh from LES, 10.3 GJ.

kWh)

per day from a solar panel,  
to get this much energy!to get this much energy!

ad at night, $40 every three 
….
……..



2 Lessons2 Lessons

 1. Alternative energy 
expensive.

 2 Everybody admires 2. Everybody admires
even if they don’t them
of lesson 1of lesson 1

is relatively 

s those who use its those who use it, 
mselves, because 



Charles Dickens  DCharles Dickens  DCharles Dickens, DCharles Dickens, D

 Annual income tw
expenditure nineteexpenditure ninete
result happiness. 
A l i t Annual income tw
expenditure twent
i lt isix, result misery. 

David CopperfieldDavid CopperfieldDavid CopperfieldDavid Copperfield

wenty pounds, annual 
een nineteen and sixeen nineteen and six, 

t d lwenty pounds, annual 
ty pounds ought and 



1.75*1017 W
(3*1034J in(3*1034J in 
5 billion years)

20 days to 
get theget the 
hydrocarbon 
number

Black body radiationBlack body radiation
at 5 degrees C
1.75*1017 W

The Budgetg
Stored energy

Fissionable material
U i 235 0 2*1023J

Hydrocarbons           3*1023 J

Uranium 235,          0.2*1023J
Uranium breeder     10*1023J
Thorium Breeder       3*1027J
F sion 7*1030J

Geo-thermal         >> 3*1030J

Fusion                       7*1030J

Kinetic of rotation,
own axis,                   5*1028 J
Kinetic of rotationKinetic of rotation,
around sun                3*1033J



SustainabilitySustainability
 Solar energy is our inp
 falls on vegetation pho falls on vegetation, pho
 falls on oceans, evapo

F ll l d Falls on land masses, 
turbines)

 Apart from photosynthe
mountains, it all ends u
very short time frame -
– aim:- get it to do “usefu

put
otosynthesis (1 2% ethanol)otosynthesis (1.2%, ethanol)
ration, rain, (hydro)
i ti i d ( i dair convection, winds (wind 

esis, and lakes in 
up as low grade heat in a 
-
l” work on its way there    



PhotovoltaicsPhotovoltaics
 Mono - poly crysta

– embodied energyembodied energy
 Amorphous ~ 8%

l d il bl– already available a
– Cu In Se, thin film

 Titania - Organic -
– window coatings –

 Concentrator syste
amount of photovop

Multi layer cells, > 30% efficient, pa
PS, Aust Govt announced Oct 06 

alline ~15%

fi t i las roofing material
, 12%
- Polymers
– wearable PV ~4- 5% 
ems, large area, small 
oltaics
arabolic dishes or Heliostat arrays

154 MW PV Heliostat! $AUD 108









Wind PowerWind Power
 Viable in large grid 

regimes exist - larg

 An integral part of s
power supplies whepower supplies whe
exist (fuel saving)

 Concerns: visual a Concerns:- visual a
pollution, bird strike

systems where good 
ge scale

small remote area 
ere good regimesere good regimes 

and acousticand acoustic 
es



1997 350 kW1997 350 kW, 
Induction 
generatorg



A 20km stretch of the north coast of
India which is the site of a 136 MWIndia which is the site of a 136 MW 

f Gujarat, a north-western state of 
wind farm ~ 500 wind turbineswind farm  500 wind turbines



Enercon E-126

6  (7+) MW, 

126 meter diameter 
hub 

height  138 meter

Gearless

DC link

Blades in 2 parts!Blades in 2 parts!

12,500 m2

480 W/ 2480 W/ m2

Economies of scale, 
large engineering 
effort



Tidal PowerTidal Power

 Not even sustainab
 Using KE of moon ag

earth, hastening the
moon from orbit, an,
earth

ble
and KE of rotation of 
e departure of the 
nd slowing down the g



The NumbersThe Numbers

F i ti f t fl Friction of water flo
bottom due to tides

t ti f th throtation of the earth
rotations takes abo
th it did tthan it did a century

 The KE of rotation 
5.3*1028Joules. 

i thowing over the ocean 
s has retarded the 
h th t 365h so that 365 
out one second longer 
y ago
of the earth is 



The numbers contThe numbers cont

L R i F La Rance in Franc
 proposed Severn ,
 assume max 30,00
 200,000 years to m 200,000 years to m

take 1 sec longer

240 MWce, 240 MW
 UK, 9000 MW
00 MW,
make 365 rotationsmake 365 rotations 





Older systemsOlder systemsyy
 Trap water at high tid
 use potential energy
 problems large scale problems, large scale

environmental impac
 economies of scale economies of scale
 there is also kinetic e

t d i “ dcaptured using “unde

de
y 
e civil workse civil works, 
ct

energy in the flow, 
t i d ill”erwater windmill” 









2 kW at 2 m/s, 2 meter diammeter turbine, Cp ~ 0.4



Also run of river, needs same engineeering effort as wind turbines, Congo



Ocean Wave EnergOcean Wave Energgg
A “concentrated” form of solar e
Th l t f it d iThere,s a lot of it, and conversio

More “dense” than solar or wind

gygygygy
energy, sun-wind-waves. 

t d ’t b hon systems needn’t be huge.

d
Units are 
kW/meter of 
wave crest, ,
takes 
wavelength 
and frequencyand frequency 
into account



Wave energy IIWave energy IIgygy

 Wind turbines run at rate
 Wave generators 40%g
 Not as variable, swells tra
 Correlation wind sea sw Correlation wind – sea sw

might expect, predictions

d power 25% of the time

avel long distances
well not as high as youwell not as high as you 
s days before are good



Oscillating water column, shore based

Bidirectional Wells Turbine

d (1992)



Oscillating 
waterwater 
column, 
offshore



Heaving bouy.

Fixed part 
anchored to 
b tt tbottom, or to a 
large 
horizontal 
plate deep in 
water to 
provide stableprovide stable 
reference.

LinearLinear 
generator, or 
hydraulic 
pumppump 



Archimedes 
wave swing.

(Dutch)

Fully 
submerged

Large, high 
force, slow, 
linear PMlinear PM 
generator.

Planned,Planned, 
over 1 MW 
per unit.



Pelamis, 4 sections, 150 m long, hydr

750 

raulic pumps. Next model, 180 m

kW apiece, 3 in farm off Portugal.



Wavedragon have commercialWavedragon have commercial

Wave energy The next big thing? AWave energy The next big thing? A

ised this!ised this!

Already quoting 6.25 eurocents/kWh!!Already quoting 6.25 eurocents/kWh!!



Solar ThermalSolar Thermal

 A workable answ
 needs courageg
 Technology exis

wer

sts



AustralianAustralian 
National 
University   
“big dish”





2 MW for Tennant creek 27 d2 MW for Tennant creek, 27 ddishes large scale study 9c/kWhdishes, large scale study, 9c/kWh



Capture StoCapture StoCapture – StoCapture – Stoorage Useorage Useorage - Useorage - Use



Storage - Somg
Specific
MJ/kgMJ/kg

Refined Gasoline, 43   
Liquid Hydrogen 120
(<20K) 
Ammonia Dissociation
Fused Silica Fiber flywheel 3 6

4

Steel Flywheel 0 18

Fused Silica Fiber flywheel 3.6

Li – ion Battery 0.5
Steel Flywheel 0.18
Lead acid  Battery 0.12
Ultra capacitor 0.005Ultra capacitor 0.005
Steel clockwork 0.000038
Rubber ~0.000005

me Numbers
c Energy Energy Density 

MJ/literMJ/liter
39 
13



Energy Use Issues, effEnergy Use Issues, effgy ,
entropy match

gy ,
entropy match

 Domestic Water H
 Domestic Refriger
 Electric Motors Electric Motors
 Lighting, Air-condi

A t bil Automobiles

ficiency AND ficiency AND yy

Heating
ration 

tioning, buildings



ConclusionsConclusions

 It is worth worryIt is worth worry

 Definition of life

 “We must hurry
d "dance."

ying aboutying about

. Humans will organise

y if we are going to 





Automo
A Solar Pow

Automo
A Solar PowA Solar PowA Solar Pow

Photovoltaic ElectricPhotovoltaic 
cells

Battery

Electric
Motor i
wheel

obiles, 
wered Car
obiles, 
wered Carwered Carwered Car

c Electric system deliversc 
n 

Electric system delivers 
96% of electrical energy to 

the road



Efficiency OpportuEfficiency Opportuy ppy pp
 Current heat engine in a

– Of energy in gasoline gets to thOf energy in gasoline gets to th
 Tightly controlled best h

– Fundamental limit for heat engg
 Fuel Cell (PEMFC)        

– Beats the Carnot cycle for heay
– P

 typical energy use, city drivinyp gy , y
– 60% of braking energy -

rege
 Altitude change also provides

– Solar cars, Golf carts, hilly citie

unitiesunities
auto                 12%-14%
he roadhe road

heat engine      35%- 40%
gines, 2nd law!g ,

                                60%
t enginesg
Plus

ng, 1/3 energy wasted brakingg, gy g
recovered - electric machine 

eneration
s opportunity for regeneration
es



Power use, any whe
d  l l d

Power use, any whe
d  l l dspeed, level ground,speed, level ground,

 Power is used in two w
 1 Compressing the tire

– Rolling loss - proportion
 2 Pushing the air out o

– Aerodynamic loss -relat
shape 

P MC v  1P MC vrr 1 2
Tires 1900 30 kg/t 1946 radialTires, 1900, 30 kg/t, 1946, radial 

eeled vehicle, steady 
  i d

eeled vehicle, steady 
  i d, no wind, no wind

ways only
es!
nal to weight and speed
of the way!
ted to speed, and vehicle 

v C A watts3v C A wattsd
11 kg/t now 8 5 6 2 5 kg/t 11 kg/t, now 8.5, 6, 2.5 kg/t



2500

2000
W

1000

1500

ow
er

 W

500

1000

Po

0
0

Spe

T t l lTotal loss

Aerodynamic lossAerodynamic loss

Tire rolling loss

50 100

eed km/h

Link:car comparison





The Series HybridThe Series Hybridyy

400 cc 10 kW 
ic heat engine / 
generator 

4.5 kWhr Li – ion
battery in parallelbattery in parallel 
0.2 kWhr supercap
dc-dc converter 

Heat engine runs at
and power rating, or

El t i t ti tElectric traction system 
90 – 95% Efficient 

60 kW peak 

withwith 
p and 

t optimum speed 
r not at all



Comments, series Comments, series ,,

 None in Market yet
 Ultimately the best – L

(QLocomotive, or ship (Q
 All power gets conver

double conversion
 No “Limp home” capa

 hybrid hybridyy

Like Diesel Electric 
Q )QE II)
rted to electricity and back, 

ability



Mild Parallel HybrMild Parallel Hybryy

I t lInternal 
combustion 
Engineg

Integrated starteIntegrated starte
flywheel, or belt 
crankshaft

rid, Insightrid, Insight, g, g

Gearbox

er alternator oner alternator on 
coupled to 



The future, fuel ceThe future, fuel ce,,
 Still coming
 Ultimately may win, (mor

drive, as for series
 challenges –
 Getting the hydrogen – m Getting the hydrogen – m

board reforming of eg me
Storing the hydrogen if n Storing the hydrogen, if n

 Finding economic catalys
 Preventing poisoning of 

ell vehicles ?ell vehicles ?

re efficient) fully electric 

much early talk of onmuch early talk of on 
ethanol
not produced on boardnot produced on board
sts, non Pt
catalyst by CO


