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Thanks to Dr Mark Thanks to Dr Mark DiesendorfDiesendorf for some slidesfor some slides

Gross Material & Energy Gross Material & Energy 

InIn--Efficiency!!Efficiency!!

nn Material Flows (North America) Material Flows (North America) -- 1% 1% 

ends up in products & is still in use 6 ends up in products & is still in use 6 

months after sale.months after sale.

nn Energy Efficiency Energy Efficiency -- only a few percent only a few percent 

for most efficient countries.for most efficient countries.

(Source: Hawken et al,  1999:81)(Source: Hawken et al,  1999:81)
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The Pinnacle of Fossil Fuel UseThe Pinnacle of Fossil Fuel Use

Decision Time

Problems with the OptionsProblems with the Options

““Clean” Coal and Clean” Coal and 
Nuclear Nuclear --

The OxymoronsThe Oxymorons

nn Inherently ‘dirty fuels’ Inherently ‘dirty fuels’ 

nn Pollution Pollution –– costlycostly

nn Limited resource lifeLimited resource life

nn Inefficient conversionInefficient conversion

nn NimbyismNimbyism

nn 1000 yrs Waste Disposal 1000 yrs Waste Disposal 
and Storage problemsand Storage problems––
beyond civilisationsbeyond civilisations

nn Future hidden & external Future hidden & external 
costscosts

nn Nuclear proliferationNuclear proliferation

nn International InInternational In--SecuritySecurity
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Sustainable Energy PathwaySustainable Energy Pathway

RenewablesRenewables

nn SolarSolar
nn HydroHydro

nn Wind / WaveWind / Wave

nn BiomassBiomass

nn GeothermalGeothermal

nn TidalTidal

NonNon--renewablesrenewables

Gas and Cleaner Coal Gas and Cleaner Coal 

as backas back--upup

Energy EfficiencyEnergy Efficiency

nn Better technologyBetter technology
nn Fuel switchingFuel switching

nn Behavioural changeBehavioural change

Structural changeStructural change to:to:

Decentralised / DistributedDecentralised / Distributed

Infrastructure Infrastructure 

-- Energy/waterEnergy/water

-- Cities Cities -- nodesnodes

-- Industry Industry –– clean clean 
productionproduction

-- Efficient transportEfficient transport

Problems with the OptionsProblems with the Options

Renewables Renewables -- The NoThe No--brainerbrainer

nn NimbyismNimbyism

nn Visual and noise Visual and noise –– wind farmswind farms

nn Air Pollution Air Pollution –– biomass plantbiomass plant

nn Displacement of food production for energy cropsDisplacement of food production for energy crops
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Current World Energy SupplyCurrent World Energy Supply
Renewables VS NonRenewables VS Non--renewable Sourcesrenewable Sources

Solar

Wind

Hydro

Biomass

Tidal

Wave

Geothermal

Coal

Oil

Gas

Uranium

9%?
85%

6%

Simply Tapping into 

a Natural Flow

Continuously 

Adds: 

- Pollutants

-GH Gases

-Heat

Renewable Energy Resource = Renewable Energy Resource = 

15,000 x Current Energy Use15,000 x Current Energy Use

nn Solar Solar 80,000TW80,000TW

nn Hydro        40,000TWHydro        40,000TW

nn Wind/Wave    300TWWind/Wave    300TW

nn Biomass          30TWBiomass          30TW

nn Geothermal     30TWGeothermal     30TW

nn Tidal                3TWTidal                3TW

(1TW = 10(1TW = 101212WattsWatts

Or 1000 x 1000MW power Or 1000 x 1000MW power 

stations)stations)
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Renewable energyRenewable energy

Green Power: Green Power: Wind farmsWind farms

1 x 2MW Wind Turbine  
> 700 homes electricity

>70,000MW 
internationally

> Millions of homes
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Green Power: Green Power: BiomassBiomass
Conversion of Plant / Animal matterConversion of Plant / Animal matter

nn Bagasse Bagasse 

nn Woody WastesWoody Wastes

nn BiofuelBiofuel cropscrops

nn Animal Wastes / Animal Wastes / 
Sewerage Treatment Sewerage Treatment 
Works (methane)Works (methane)

nn Rubbish Tips (methane)Rubbish Tips (methane)

Green Power: Green Power: HydroHydro
llarge, mini or microarge, mini or micro
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Solar Thermal ElectricSolar Thermal Electric

Concentrating Dish

Concentrating

Trough

Power 

Tower

Source: CSIRO / World Bank

Predicted Growth

21,000MW   by 2020
600,000MW by 2040
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GeothermalGeothermal

PhotovoltaicsPhotovoltaics

Remote or Mobile PowerRemote or Mobile Power

Grid Connected 
Power
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Energy Efficiency: ResidentialEnergy Efficiency: Residential

nn Solar efficient design in Solar efficient design in 
new buildings & retrofitsnew buildings & retrofits

nn Insulation of buildingsInsulation of buildings

nn Solar Water HeatingSolar Water Heating

nn Efficient lighting & Efficient lighting & 
appliancesappliances

nn Efficient heating & Efficient heating & 
coolingcooling

nn Efficient showers        Efficient showers        
tapstaps

Christie Walk, Adelaide City

TargetsTargets

nn EU EU 20% Renewables by 202020% Renewables by 2020

nn CaliforniaCalifornia 25% Reduction GHG by 25% Reduction GHG by 
2020 thru RE and EE2020 thru RE and EE

nn ISES ISES 20% RE Electricity by 202020% RE Electricity by 2020

50% Primary Energy by 205050% Primary Energy by 2050

nn IEA IEA First acceptance that “business  First acceptance that “business  
as usual” is unsustainable as usual” is unsustainable 

nn High RE Contributions in Denmark, Germany, Sweden due High RE Contributions in Denmark, Germany, Sweden due 
to strong supportive policyto strong supportive policy
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Australia 2040 Australia 2040 

Clean Electricity Generation Mix Clean Electricity Generation Mix 

Efficient energy use to reduce demand. Then:

Natural gas: 30%

Bioenergy from crop residues & oil mallee: 30% 

Wind power: 20%

Coal: (78% now) 8% 

Hydro: (8% now) 7% 

Solar electricity (conservative estimate) 5%

Achieves 80% reduction in COAchieves 80% reduction in CO22 emissions from electricityemissions from electricity

Source: Saddler, Diesendorf & Denniss (2004). Clean Energy Future for Australia

Qld Example Qld Example –– replace replace 

each 750 MW of Coal Power with:each 750 MW of Coal Power with:

nn 200 MW of Biomass Plant200 MW of Biomass Plant

nn 200 MW of Gas Plant200 MW of Gas Plant

nn 200 MW of Wind200 MW of Wind

nn 530 MW of Energy Efficiency (EE)530 MW of Energy Efficiency (EE)

nn Result Result 

> 1/4 of GHG and other emissions> 1/4 of GHG and other emissions

> Lower Cost than New Coal Plant due to EE> Lower Cost than New Coal Plant due to EE

Source: Diesendorf (2004). Clean Energy Future for Qld.
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Myth 1Myth 1

nn Renewables can’t provide BASE Load Renewables can’t provide BASE Load 

PowerPower

Load CurvesLoad Curves

Winter Summer

Power Demand
Power Demand

Peaks

Peak

Intermediate Intermediate

Base
Base

Time of Day Time of Day
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Base Load from SE Base Load from SE -- YesYes

nn Biomass Biomass 

nn GasGas

nn Hydro Hydro 
nn Solar Thermal Electric with heat / chemical Solar Thermal Electric with heat / chemical 
storagestorage

nn Dispersed WindDispersed Wind

nn Energy Efficiency/Demand ManagementEnergy Efficiency/Demand Management

nn Fuel Switching Eg. Solar Hot WaterFuel Switching Eg. Solar Hot Water

nn Behavioural changeBehavioural change

Myth 2Myth 2

nn Solar and Wind is intermittent so:Solar and Wind is intermittent so:

nn What happens when the wind doesn’t What happens when the wind doesn’t 

blow and the sun doesn’t shine?blow and the sun doesn’t shine?
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Intermittency Intermittency -- WindWind

Intermittency Intermittency –– Solar PVSolar PV

nn Solar PV  Solar PV  -- meets meets 

summer peak demand summer peak demand 

Eg. air conditioningEg. air conditioning

> High Value to PV > High Value to PV 

power power 
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Solar is too expensive??Solar is too expensive??

or Coal/Nuclear is too cheap!!or Coal/Nuclear is too cheap!!

Stern Review of Economic CostsStern Review of Economic Costs

nn Cost of businessCost of business--asas--usual and DELAYED usual and DELAYED 

response will be huge: response will be huge: 

55––20% of annual global GDP by 205020% of annual global GDP by 2050

nn Costs equivalent to a world war or a major Costs equivalent to a world war or a major 

economic depressioneconomic depression

nn Costs of greenhouse response NOW will be Costs of greenhouse response NOW will be 

small: small: 

about 1% of annual global GDP by 2050about 1% of annual global GDP by 2050
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Cleaner Energy Mix: Direct Local Jobs per Cleaner Energy Mix: Direct Local Jobs per 

Unit of Electricity GeneratedUnit of Electricity Generated

3.53.5––55Wind power with 80Wind power with 80%%

Australian contentAustralian content

Approx. 3.5Approx. 3.5

(mostly rural)(mostly rural)

BioBio--electricity with electricity with 

50% Australian content50% Australian content

22––33Wind power with 50% Wind power with 50% 

Australian contentAustralian content

11Coal electricity + coal Coal electricity + coal 

miningmining

Relative number of Relative number of 

jobs in Australiajobs in Australia
Source of electricitySource of electricity

(Source: Diesendorf 2007)

Energy Efficient Design principlesEnergy Efficient Design principles

nn OrientationOrientation

nn ZoningZoning

nn Building materials and Building materials and 
colourscolours

nn Thermal MassThermal Mass

nn GlazingGlazing

nn InsulationInsulation

nn Windows / Windows / VentilationVentilation

nn ShadingShading

nn LandscapingLandscaping

nn Internal fittingsInternal fittings
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Best Practice Best Practice –– New HomesNew Homes

nn Passive DesignPassive Design

nn SWHSWH

nn PVsPVs

nn Solar Pool / CoverSolar Pool / Cover

nn EE appliancesEE appliances

Best Practice in RetrofittingBest Practice in Retrofitting
nn Passive designPassive design

-- Extra insulationExtra insulation

-- Shading controlShading control

nn Efficient appliances         Efficient appliances         
& Lights& Lights

nn Solar Hot WaterSolar Hot Water

nn PVsPVs

nn Rain water tanksRain water tanks

nn Grey water recyclingGrey water recycling

nn Cost $20,000Cost $20,000

nn Return >$1000 pa.Return >$1000 pa.
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RESULTSRESULTS

Energy Use > 1/3 per person Energy Use > 1/3 per person 

Water Use > 70% Less per personWater Use > 70% Less per person

Comparison of Aver. Home and EE Homes
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Solaris - 2 People

CrossroadsCrossroads

nn The climate is changing The climate is changing –– act nowact now

nn To expand the American Dream, there is simply To expand the American Dream, there is simply 
not enough Fossil and Nuclear Fuelnot enough Fossil and Nuclear Fuel

nn Need 3 Need 3 -- 4 more planet Earths to supply current 4 more planet Earths to supply current 
energy / materials & absorb the wastesenergy / materials & absorb the wastes

nn Current pathway is unsustainable Current pathway is unsustainable –– business as business as 
usual is no longer an option.usual is no longer an option.
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Only RE and EE provide immediate Only RE and EE provide immediate 

COCO22 ReductionsReductions

nn We have RE & EE We have RE & EE 
technologies nowtechnologies now

nn We know how to We know how to 
use RE & EE, and use RE & EE, and 
it doesn’t cost it doesn’t cost 
the earth!the earth!

nn Failing to use it Failing to use it 
may!may!

Sometimes we lack the vision to take 
the right action?


