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Extreme energy efficiency transforms our thinkin
about reality: world record holding human
powered vehicle; 137.9 km/h

http://gosporttimes.com/2015/09/20/crazyfasthumanpoweredvehicle
setsnew-world-speedrecord/



The Energy Systegdriven by demand
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Need for investment in supply system can be reduced by smart desmidedaction.
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Change In energy reflects broader disruptive
changes in technology and society such as:
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AGreen chemistry and alternatives to process heat
ANew materials; nanotech, graphenetc

AComputerised design, control, monitoring

AModular, decentralised technologies;BBprintingetc
AUrbanisation

AGrowth of services economy

AGlobalisation

AEnergy resourcaadustries areamong the last to face
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Year by year reductions in projected electricity demand
from AEMO — from draft report by A2SE on doubling
energy productivity (2014)

Figure 16: AEMO medium growth forecasts to 2022 compared to real GDP trend
Energy sector has struggled to come to terms
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AEMO National Electricity Forecasting Report (2016) p.4

Figure 1 Operational consumption 2008-09 to 2035-36
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4 Operational consumption refers to the electricity used by residential, commercial, and large industrial consumers, drawn from the grid and supplied
by scheduled, semi-scheduled, and significant non-scheduled generating units (excluding rooftop PV generation and small non-scheduled
generation). More detailed definitions are available at:
hittp-/f'www_aemo.com._aw/Electricity/P lanning/~/media/Files/Other/planning%20201 6/Operational %20 Consumption%20definition%20%2020 16 %2

Oupdate ashx
5 2015-16 demand is estimated on a weather-normalised basis, assuming long-run median weather outcomes.




Key Energy Drivers

Ah dzNJ WYy SSRQ FT2NJ SYSNHeé& Fit 2
nutrition or economic output and the materials, products,
services and business models used to satisfy them

AReceAntAinpovation dramatically increases options to satis
Py S § substtution by radically different alternatives

AThese involvéntegrateduse of combinations of;
Alnnovative reframing of what our needs aegirtual solutions)
ADiverse business models, markets and technology supply chai
AMore efficient energy and resource use
ASmart management of demand

A Storage of energy in many forms (heabplth, electricity,
chemical, gravitational potential, movement)

ADistributed and diversified energy production or conversion
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different kinds now exist and compete in different markets.
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Diverse energy service solutions are emerging. Centralised system
have a role, but distributed ones are gaining. Combinations of solut
often work best, and there will be ongoing transition

Economies of scale Through larger size

Flexibility of rollout Limited

Capital requiredyrisk, Large lumpslongterm,
subsidies subsidies orgoing
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TNRBY SELISNAS
Planning, construction
HINEHEIES

Resource suitability Fossil fuels, dams

Resilience to failures, Limited
changing conditions

Environmental, social Local, regional, global
Overall system efficiency Significant losses in
_ conversion, distribution

Long, limited flexibility

FACTOR CENTRALISED DISTRIBUTED

Through mass production

Large

Small lumps, early caslow,
subsidies ugront

Fast, from diverse markets and
technologies

Short, responsive

Renewable energy, diverse wate
sources, endise technologies
Diversity, modularity help

Local, linked to beneficiaries

Variableg near point of use, so
consumer pays



Example; Cold Storage:

University of South Australi@#laciendemonstration project

Potential Integrated Energy Solution

Onssite energy efficiency:

. Cold Rooms A Building: heat reflective paint,
insulation, air locks

A High efficiency chillers, smart controls

Onssite energy storage:
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materials- PCMs)

A Electricity

Onssite energy production:

A Rooftop solar PV

A Use waste chiller heat to dehumidify,

— cool, heat €gcleaning water)

PCM storage Integrated energy management
tanks A Optimise operating cost

A Optimise exports and imports of

120kWe Refrigeration system electricity

1.4MWhrse thermal storage (1% floorarea)A a | € 6 S -IBA P FFdR Y A C

200kWp of solar PV planned A Maybe cooperate with other local

20% IRR for both storage and PV generation, storage and energy users?

cC: C: C: C:




Aluminium smeltingstrategies and research
projects to cut energy use

ABig picture options to cut aluminium energy use per unit serv
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A Design of products for optimal material use uml_nlum
AHigh strength alloys,-B printing use less materiaSMelting uses
A Switch to other materialsegcarbon fibre 3.3% of global
A Use recycled aluminium electricity

AR&D,eg ARPAE projects (US government R&D program)

A Alcoa:heat exchanger (using molten glass or salt) botth pot casing
Improves insulation, provides flexibility in electricity demand (using h
storage); improved electrodes50% saving target

A Gas Technology Institutaise reusable solvents (chemical dissolution,
near room temperature; could be located near bauxite miQégl% cost
reduction target

A Infinium: new electrochemical cell, much better insulated and high v:
by-product (pure oxygen); drem retrofit ¢ 50% net saving target

AShift to renewable electricity



Industrial steam

A Avoid use of steam: centrifuge,
microfiltration, depressurisation

A Advanced hi%h temperature hec
pump (up to 165C)

A Modular hot water or steam
generator

A Renewable heat sources

SGH120 SGH165
120°C/0.1MPaG Steam supply 165°C/0.6MPaG Steam supply

Fig. 2.3.2 Overview of system (KOBELCO: SGH series)

A Storage (heat or electricity) A
MSGH165 ’-!'“EI
* Can use renewable electricity :

"SR
Industrial Thermal Heat
Process Storage Pump

-/

Nighttime (Off-peak time) Operation

g, Heat
< =05 Il—leat
Industrial Th | ump
Process /IH'QLt erma . ;
K20%] Storage Fig. 2.3.1 System flow (KOBELCO: SGH series)
\ ) Graphics from IEA HPP Annex 35 Application of Industrial Heat

Daytime (Peak time) Operation ~ Pumps, Task 3 (2013)



Residential: Technology transformation
(Based on Pears presentation to Sydney A2SE Workshop, April 2014)

Annual electricity use for some activities in an Australian home: existing
stock; best availableow; and possible future

4000
m STOCKmEBEST NOWm POSSIBLE
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3000 Many households are also
500 Building Installing onsite and local
to renewable energy generation
equipment

and smart management
systemsg and next, storage
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Heating and Refrigeration Hot water Lighting TVIAV/IT Cooking Clothes
cooling washing



Energy policy tools

AStrategies and targetsvisions

Alnformation, promotion, training

AVoluntary agreements, public reporting
ARegulation, standards

ATaxes and levies, pricing

Alncentives, subsidies and financial facilitation
AMarket mechanisms

Alnnovation, RD&DB;ommercialisation
AGovernment purchase and example
Alnstitutional frameworks and resourcing
AManaging access to markets and resources
AManagement of perceived risks and opportunities
AOther policies adapted to achieve energy goals too



From IEAnergy and Climate Changeesentation, London June 15 2015



