An A2SE Industry collaboration with research partners:

exXEP

Doubling Australia’s L) L0 caRBON Living s s WRCEEC
Energy Productivity CRC &> ClimateWorks @@ & L5t

Z—= ALLIANCE
Z=Z 10Kt ENERoY L
Using less. Doing more. energetlcs

Engines of Reform - Innovations to
Triple Energy Productivity by 2030
To Stay <1.5-2 Degrees

Australian National University, Feb 24 2016 Presentation by
Dr Michael Smith (ANU)

AUSTRALIAN : AUStra”aﬂ

==, =
’_,_/;/—Z}_ALLIANCE TO R . Nat |
—77—=" SAVE ENERGY 5 INationa
/ f‘? Creating an Energy-Efficient Australia \ \ '__h J.__‘!I Un]versrty



http://www.anu.edu.au/
https://www.newcastle.edu.au/research-and-innovation/centre/nier
http://www.ceecthefuture.org/
http://www.csiro.au/
http://www.lowcarbonlivingcrc.com.au/
http://www.anu.edu.au/

A project of the Australian Alliance to Save Energy

2XEP and the National Energy Productivity Plan -

Introduction
2XEP Program Govemance 2 X E P

Doubling Australia’s
Energy Productivity

Brief: Energy Productivity in Australia

Foundations Paper
Foundations Summary

http://www.2xep.org.au/

Agriculture

Built Environment

factunng

Transport - Freight

Transport - Passenger

n _,-_/_;:’;- AUSTRALI
==
|

ALLIANCE TO
//-"’———__':’ SAVE ENERGY



Engines of Reform - What’s Next Tt
X
» 1. A new productivity & innovation reform agenda‘ |, Couts A

\\

2. Quantifying how innovations in energy productivity
unlock labour, capital productivity gains by sector.

v

3. Innovation/Tech - Mapping + Better Knowledge Sharing
of new EP innovations available internationally and locally

v

v

4. Review of EP potential through transforming
production-consumption systems (supply chain industrial
ecology)

» 5. What is Technically Possible? Is Tripling EP by 2030
Possible & Needed to Stay Under 1.5/2 Degrees?

6. Post Paris COP - Energy efficiency is critical to achieving

Sreg ree target - ie Importance of energy efﬂaency
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Product R&D Substitution of
Improvement Knowledge for Labour;
Capital; and Exergy
Process
Improvement

Substitution of
Exergy for Labour

Lower Limits to and Capital

Costs of

INCREASED REVENUES Production

Increased Demand for
Final Goods and Services

Economies of Lower Prices of
Scale Materials &
Energy

Virtuous cycle driving and underpinning
economic growth. (Ayres et al, 2006)
cited in Smith (2014,2015)
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The ‘energy’ service delivery system - innovations

occurring in demand, supply and storage.

Fuel price

Wholesale
energy price

Retail energy

2exEP

Doubling Australia’s
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Mine/Harvest (EE)

Transport (EE)
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generate electricity) (EE)
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Can Australia Triple Energy Productivity
By 20307 Our Competitors are.... U.S.

8,000

6,000

California

4,000 =%

allforma s Energy Productivity 1.7 tlmes Australia’s.

atifornia s electricity grid Services twice Australia
population & an economy 50% larger, but only
generates slightly more daily electricity than Australia.

2,000

*The per capita carbon footprint of California's
electricity sector is also 2 that of Australia’s.
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CO, Emissions of Selected Countries
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USA GDP |[Chinese
(US$ GDP (US$
Billions) Billions)

Australia
GDP (US$
Billions)

German
GDP (US$
Billions)

Japanese
GDP (US$
Billions)
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41 (18,
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140
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1.A New Productivity Agenda - A New Wave of Innovafi
/[ 2xEP

Did you know that Doubling Energy & Resource Proa %ﬁé}rﬁb }

2030 = > $25 Trillion Increase to GDP by 2030 above BAU?

» Energy efficiency could cumulatively add ~US$18 Trillion to GDP by 2035
above BAU & cut energy supply capital investment requirements & fuel
costs by US$7 Trillion each + congestion +air-pollution. (IEA World Energy
Outlook+ 6 other studies)

» Water productivity measures, that also save energy and cut emissions, to
add $2-4 Trillion cumulatively to GDP Growth by 2030: Reducing urban
water leakage globally could add US$165 Billion to GDP per annum by 2030
whilst water efficiency globally adds ~ US$120 Billion per annum to global
GDP by 2030. (New Climate Economy, 2014 + McKinsey + other studies)

» Circular Economy - Improving Resource Productivity in ways that improve
energy efficiency and cut emissions - to add $5-7 Trillion cumulatively to
GDP Growth by 2030.

Doubling Rate of Renewable Energy Investment to Double Renewable
o O aCIty by 2030 - $1.2 Trillion per annum by 2030 (IRENA 201 6)

aad Resource Productivity by 2030 @ SAVE ENERGY
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2. Energy Productivity investments also enhance traditional //
measures of productivity in a myriad of ways. For instance{f‘(’(‘ exEP

A Doubling Australia’s
\ \\ Energy Productivity

» Labour Productivity (LP) - Newer, more energy and resource ‘efficient
equipment often provides labour productivity co-benefits. Also
energy efficient “green buildings”, which have better quality
lighting, air and reduced indoor air pollution increases LP.
Improving energy productivity can also lead to jobs growth and
greater labour participation which also boost LP.

» Capital Productivity (CP) - Investment in energy productivity can
improve capital productivity by providing a quicker return on
investment (through the operational energy cost savings), improving
capital asset values and thus the contribution of capital assets to
the value of the business.

» Multi-Factor Productivity (MFP) - Improving energy productivity
directly correlates closely with improving MFP.

Smith, M (2015) Doubling Energy and Resource Productivity by 2030 @

Australian

% National
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Productivity Co-benefits of Energy Efficiency/Energy Productivigy;

Production Efficiency to Working Environment Other Productivity Benefits
Improve Labour Productivity Improvements to Improve
Labour productivity
Increased product Reduced heat stress A more innovative workplace
output/yields
Faster rates of production / Reduced need for personal Improved energy/water efficiency
product output protective gear of products to build market share
Improved equipment Improved lighting Delaying or reducing capital
performance expenditures
Shorter process cycle times ~ Reduced noise levels Improved public image
Improved product quality/purity Improved temperature control  Decreased liability and insurance
Reduced Inputs and Waste Reduced Emissions and Improved Rates of Operation
Costs Related Costs
Use of waste fuels, heat, gas  Reduced dust emissions Reduced need for engineering
controls
Reduced product waste Reduced CO, CO2, NOx, Sox Lowered cooling requirements
emissions
Reduced water use Reduced Maintenance Costs  Increased facility reliability

Materials Reduction Equipment upgrades reduce  Reductions in labour

mAaintAaAnanAAa rantiiramannte



Resources Sector - Energy Productivity — Labour ovEP
Productivity Co-benefits Eneray Poducity

BHPBiIlliton announced in 2012 that it would move to truckless
mines by investing in “in-pit crushers and conveyors’(IPCC) to
address rising operational costs from labour /diesel/carbon. IPCCs
are much more energy efficient than haul trucks. “When you run a
truck, it takes 10 to 11 employees for every truck. ...If you go
autonomous you get rid of half of those. If you go truckless, (and
invest in IPCCs), you get rid of all of them. You do this at a time
when you see increasing diesel prices, carbon taxes, a number of
reasons why getting rid of trucks or using fewer trucks is
desirable."...
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How many years of current emissions would use up the IPCC’s carbon
budgets for different levels of warming?
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Path to 100% renewables

TWh per year

2xXEP

Doubling Australia’s
Energy Productivity
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1. Peak in emissions:

- Energy &
|EA strategy to raise ¢l bition Climate
Change
Global energy-related GHG emissions Savings by measure, 2030
g 4 il-fuel
mﬂ INDC Scenario I:':’IEdE' - '-:CE
8 — sSURsIAy retorm Ehgrgy
G, 35 efficiency
15%
30
17%
25
ZBI T T T T T 1
2000 2014 2020 2025 2030

Five measures — shown in a “Bridge Scenario” — achieve a peak in emissions
around 2020, using only proven technologies & without harming economic growth
From IEA Energy and Climate Change presentation, London June 15 2015
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Socolow and Pacala’s Stabilisation Underestimated the potential
Wedges of energy efficiency to contribute to
cutting emissions.

(1) Efficient Vehicles — Double Fuel (10) Wind - 2 million MW (50 times
Efficiency current)

(2) Reduced Use of Vehicles — By Half  (11) PV — 2000 GW (700 times current)

(3) Efficient Buildings and Appliances — (12) Wind generated hydrogen - to
Cut GHGs by %4 power hydrogen fuel cell cars.

(4) Efficient Base-load Coal Plants —  (13) Biomass for fuel — 100 times
Double Conversion Efficiency to 60%  current Brazil and US cropland

(5) Replace inefficient coal plants with  (14) Reduced deforestation, plus
gas plants (four X the current reforestation, afforestation, and
production of gas-based power) new plantations

(6-8) Carbon Capture and Storage (3 ~ (15) Conservation Tillage
wedges)

(9) Nuclear Power — Double Current
Global Output

\\\\\\\\\




Additional Stabilisation Wedges - End

Areas of Large Potential for Rapid

Use Energy Efficiency by 2030

#1 — Residential and Commercial Buildings.
Retrofit lighting, appliances, office equipment.

#2 — Industry - Upgrade Motor Driven
Technologies to cut global electricity use by
10%.

#3 - Investment In Co-generation - avoids the
need for 10% of new generation by 2030 saving
$950 billion per annum by 2030. (IEA,2011)

#4 — Energy Efficient Street Lighting — Shift to
efficient lighting could save up to $650 Billion

#5 — Transition to More Efficient Transport
Options: ~40% trips in OECD cities are <5 km.

#6 - Fuel Efficient Freight Transport Options
including modal shifts. IEA and OECD show
potential to halve transport fuels by 2030.

#7 - Reducing Urban Heat Island Effect -
Increasing urban albedo + investing in green
urban development

Greenhouse Gas Reductions

#8 Reducing Urban Sprawl - Whilst using
low embodied energy building materials

#9 Energy/Water Efficiency Opportunities
— Reduce urban water leakage, improve
urban water efficiency

#10 Circular Economy - Product
Stewardship, Materials Efficiency and
Recycling.

#11 Product Design Standards - to be
more energy/water efficient

#12 Reduce Global Food Waste in half.

#13 Behaviour Change (ie diet, energy,
travel)

#14 Reducing Black Carbon - from moving
to cleaner energy sources for households
and transport.
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The ‘energy’ service delivery system - man

options now exist. eXER .
Energy Productivity
_ Mine/Harvest (EE)
Fuel price \
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Do we need high temperature industrial
process heat & co-generation processes?

Step 1: minimise energy input per unit of useful work output
generated

» Zeobond cement

Cuid0owr & Fsmnod)
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Chemicals Industry — Redesigning Reactions along Gre ‘f
Chemistry Principles.

Argonne National Labs has developed new non-toxic,
environmentally friendly ‘green solvents’ to replace the millions
of toxic solvents currently used in industry. The new process
makes low-cost, high-purity ester-based solvents, such as ethyl
lactate, using advanced fermentation, membrane separation,
and chemical conversion technologies. Overall, the new process

uses 90 % less energy and produces ester lactates at about 50
% of the cost of conventional methods.

NTEC Versol Inc - selling these in the US under trademarks
Versol and Versol Gold.

Argonne National Lab (1998) ‘Green Solvent Process Gets Presidential Honor’, Argonne News.

\II’I\\(I‘_ ro
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Embodied energy in new build could use up 30-60% of the
remaining global carbon budget by 2050 - /f new buildings are
built with traditional high embodied energy cement, steel and
aluminium

2xEP

Doubling Australia’s
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Star rating

Australian Buildings Can be 50-80% more energy efficient ‘

for heating and cooling
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Figure 1 Residential heating and cooling Star ratings for
Melbourne in Victoria, Australia

~

Doubling Australia’s
Energy Productivity

CONTEXT: building

As building envelope
performance
improves, annual
energy requirement
for heating and
cooling declines
dramatically

NOTE: these are
thermal energy flows,
ignoring equipment
efficiencies
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SAVE ENERGY



Residential: Technology transformation

(Based on Pears presentation to Sydney A2SE Workshop, April 201 cXEP

Doubling Australia’s
Energy Productivity

Annual electricity use for some activities in an Australian home:
existing stock; best available now; and possible future
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World electric energy potential (EJ/a) Shading
denotes case:
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® PV on buildings
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Innovations Enable A Step Change in EP:

Energy/Transport/Building Sectors
« Buildings - 50-80% more effit

Doubling Australia’s
Energy Productivity

ont

_ Effcien * Innovations in High Density Living and
b Bullding Compact Transport Options
Uﬂm}' /// ,/ symms {/ (https://www.ted.com/talks /kent_larson_brilliant_designs_to_fit_more_people_in_every_ci
S & ty?language=en )
Communications .~~~ : :
& Internet « Smart control innovations for LED
/./ AL lighting cut energy by a further 50%
/ 4 Y « Solartube lighting - http://solatube.com.au/
/ Consumer Portal :
/ I\ .+ Solar PV panel, wind & energy storage
: . and Bullding EMS ) : :
o SEAA S l innovations to help Australia replace
Advancod,]“ existing energy supply infrastructure by
Me'efing f 2050 (http://www.teslamotors.com/powerwall)
e /DN ol e ssconamcom 2018 pumaed- -t
Systoms Operatlons B0 .""!Ptedm y
Contol /(/ Plugn & = « Transport demand management
HybridsQ a8 \ . .
( / A ) innovation
] 0 \/ _, ‘ « Electric vehicle (2,3,4 wheeler)
| X innovations
4 Distributed 7 Eﬁg‘ﬁ; « Electric scooters on track to reachl OO
Data Generation million by 2018 in ‘
Devices E ENERGY

Management  and Storage

http://www.navigantresearch.com/news ke s —M1-asia— paa}% Wi

(from the GridWise A]ﬁance) increase-nearly-tenfold-from-2012-to-2018
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EP Potential in Transport

SvED
2XEP
} Doubling Australia’s
Energy Productivity

IEA/OECD - has found that demand for transport fuels N\
could be halved by 2030.

Beljing Transport Modal Split

Public Transport
Private Vehicles
Public transport

is expanding
everywhere

Bicycles
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Increase in public transport passenger kilometers per capita over 10 years 1995/6 to 2005/6
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Innovations can enable a Step Change

in EP in the Mining Sector. eXEl .,

Energy Productivity
Technologies to improve ore character
03'@ CRC Ore)

I Smart blasting - ultra-high intensity blasting (up to
(\(‘L\ 40% improvement) (Orica — CEEC Medal, 2014)
; Energy efficient materials movement (eg IPCC)

HUTUREOMIONS (Nw Energy efficient comminution tech innovations

Flexible mill circuit design
Onsite renewable energy and co-generation (>20

(_pnsscmmv (\“’} R&D renewable projects re mining with ARENA)

Long term — Prof Jamieson (University of
Newcastle) — innovations in froth floatation

MONEY & ENERGY COST



http://www.nblf.com.au/

s
What’s Next //
F F The bottom line on energy efficiency .
h % ee A IQOVIau A joint initiative of Australian, State and Territory Governments Search this site... SEARCH

Home Energy management Industry sectors - Technologies Business support Events MNews Contacts

Manufacturing

General manufacturing

Food and beverage
manufacturing

Chemicals and plastics R R
manufacturing ai e

Pulp and paper manufacturing i g -

ergy efficiency information for SMEs

rgyCut and Your Competitive Advantage are two recent activities

Transport
ded by the EEIG program.

Road transport

Air transport
Find information in these areas: hange website

Rail freight transport  implementation of  ERF - Industrial Electricity and Fuel
k< within medium

FEATURED ARTICLES

Industry Sectors Efficiency

mpanies. It shares

on energy
Commercial and services d resource

TEChﬂDLDgIES and overseas.

Other sectors Project managers seeking to use this method
would include owners or operators of energy-

intensive industrial equipment.

eeXtra — April 2015

A round-up of energy efficiency news from
Australia and around the world.

Mining ormation becomes

Energy Managemel lcome.

Small business

View all news articles
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» Recent innovation has dramatically increased the range of options to satisfy
‘needs’ instead of traditional energy systems

» Our ‘need’ for energy is derived from ‘needs’ for services like nutrit
entertainment, economic output etc

Energy Productivity

» These involve /integrated use of combinations of:
- More efficient energy and resource use
- Smart management of demand

- Storage of energy in many forms (heat, coolth, electricity, chemical, gravitational
potential, movement)

> Distributed energy production or conversion

> Innovative reframing of what our needs are (eg virtual solutions)
» Costs of many emerging energy options are falling due to:

- Rapid innovation from many directions and ‘learning by doing’

- Capture of economies of scale from flexible mass production

Ristributed solutions that seem to have higher costs can be cheaper overall
eulley avoid/reduce losses and costs in the supply chain and offer non-

ot Australian AUSTRALIAN

ALLIANCE TO

SAVE ENERGY
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DEecouprLING 2
TECHNOLOGIES,
OPPORTUNITIES AND
PoLicy OPTIONS

DESIGN

AN INTEGRATED APPROACH TO
SUSTAINABLE ENGINEERING

PETER STASINOPOULOS » MICHAEL H. SMITH
KARLSON ‘CHARLIE’ HARGROVES « CHERYL DESHA

What is the energy and resource efficiency technical potential of
systems? Is it possible to deliver the same or better services

hilst using 70-80% less energy? If so, How? What policy
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