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MILLION METRIC TONS

Introduction

» Materials consumption increases annually and is increasingly non
renewable.
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Sustainable Development




Sustainable Development

“Development that meets the needs of the present
without compromising the ability of future
generations to meet their own needs.”

Brundtland Report 1987 g

ol
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Is the Materials Community Involved?

“Under current conditions, approximately one quarter of the
Western European
Green House Gas
emissions can be attributed to the
production and waste handling of materials.

These emissions can be reduced through materials
strategies, based on changes in the use of materials”.

D Gielen, T Kram and H Brezet “Integrated energy and materials
scenarios for greenhouse gas emission mitigation”

8 © 2013 Avalon Consultancy Services Ltd



The other major source of CO2 emissions is energy related
activities ( in which materials plays another major role)
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The Role of Materials

Minimise Pollution




Pollution

- the contamination of the environment by the by-products

of industry, farming or other forms of human endeavour.
In most cases this can be envisaged as the build up of
chemicals in the air, in the water and in the ground.

Stop it happening

» Reduce the conseguences

v

Clean-up the mess.
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Stop it happening

» Improve process efficiency by raising temperatures,

% Engine weight

changing pH etc.
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Aero engine emissions reduce as efficiency increases. Aero
engine efficiency increases with combustion temperature
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Stop it happening

» Stop leaks, spills, seepage by better containment.

PLATFORM 2%

FACILITIES 35%
. VESSELS

TOTAL SPILLS : 3,000
Texan coastal oil spills 91-93

Tougher, more corrosion resistant

I
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Stop it happening
» By design

[ Vs VoW R ‘.A\““~

Use of novel fabrics makes a fail-safe design cost effective- double skinned
tanks

Leaking underground fuel tanks can pollute the water supply (reports cite one
tank in Australia that leaked 15,000 gallons of fuel before discovery)
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Packaging

» Reduce It.

» Make products
more durable so
less packaging is
required.

» Make packaging
biodegradable so
It disappears after
use.
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Reduce the conseguences

» Get rid of unnecessary or undesirable components in a
material system....eliminate lead from solders,
carcinogenic curing agents from thermosets etc.

» Make liquid systems (primers, release agents, paints)
based on water not volatile organic solvents.
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Clean up the mess!

» RE-USE

Directly. e.g. containers
Re-condition, components

» RE-CYCLE

Primary , in house
Post industrial
Post consumer
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Re-use

» Bottles, containers etc. = —
Beer, milk bottles, chemical drums. o
Environmental impact affected by costs of cleaning. -

» Re conditioning.
Machines, equipment.

Components in auto industry...driven by insurance
companies. -

‘= PART A
Recove?'w DEEOVE

* PH SIS 7256

\«\m«m«e@(

@ (((-— |

B

19 © 2013 Avalon Consultancy Services Ltd




Steel recycling

» Scrap steel vital for production of new steel.
» US recycles 64% of steel output (1999 figures).

» Each metric tonnes recycled saves 1.3 tonnes of iron ore,
700 kg of coal and 60 kg of limestone.
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Auto steel (US)

» Auto industry recycles about 91-92% of scrap steel (often
more Is recycled in a year than is consumed)

» The car dismantling industry consists of 16000
dismantling businesses with 3000 scrap processors

1
- % B B B E &
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Plastics recycling

» In-house- direct use of runners/sprues, Options for plastics recovery
out of spec parts back into the injection Recovery
I—I—\
moulder.

MATERIAL RECYCLING ENERGY RECOVERY

» Post consumer- problems of —
identification and separation. i rodcts s
» Domestic waste needs plastics as fuel in R —
Incineration plant.

» Problems with mixed materials-
electronics. Recycling of plastics waste in Western Europe

Completing the recovery picture 1994-1998 (x 1 000 tonnes)

‘000 tonnes
3000 (= 11% post-user waste)
- :
1994 1995 1996 1997 1998 o Mechanics!
Total plastics waste 17 505 16 056 16 871 16 975 17 570 | T
MR
Mechanical recycling 1 057 1222 1320 1455 1614 e Feedstock
Recycling
Feedstock recycling 51 99 251 334 361
2 348 2 691 2 498 2 575 33
Energy recovery 348 2698 496 2575 3348 JEJOR
\Jotal plastics waste recovered 20% 26% 25% 25% 30%
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Composites: Design for Recycling

» Problems with lightweight composites based on
glass fibre — fibres cannot be recycled.

» Thermoplastic composites can be melted and re-
used but fibres are broken.

» Ultimately composite can be burnt — but fibres are
left.

» Alternatives now “designed”
for re-cycling.

» Based on highly oriented PP
fibres. ‘

Single Polymer Composites
“All-PP”
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Examples of single polymer composite,

Hot Compaction of oriented PP fibres developed at IRC,
University of Leeds.

No impregnation but welding.
Selective melting.

Recyclable.

Very small processing window.
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Examples of single polymer composite S

Hot Compaction of Coextruded Fibres

» Oriented ‘B’ coextruded with lower T, ‘A
» Original V; retained.

» Recycling possible.

» Much larger processing window.
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Examples of single polymer composite

Tapes - Reinforcement Geometry

» Welding instead of impregnation.

» Smaller amount of copolymer needed.
» Improved load transfer.

» Reduced drapability of fabric.
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Examples of single polymer composite 4

Automotive undertray manufactured from polypropylene reinforced
polypropylene (PURE)
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The Conservation of Resources.

» Use materials that are re-formed naturally by the Sun!

» Plants harness the energy from the Sun to combine
elements to form useful polymers and composites (e.g.
wood).

» Most of these materials are naturally biodegradable and
return to the feedstock materials required by plants.
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Bio-fibres

30

Fibre 1996 1999
Flax 2.000 15.900
Hemp - 1.700
Jute 1.000 2.100
Sisal 1.000 500
Kenaf - 1.100

Total 4.000 21.300

© 2013 Avalon Consultancy Services Ltd




Green Thermosetting Resins

» Composites based on Green Thermosetting Resins, ACRES
(University of Delaware) / ENIVIREZ® (Ashland Inc.)

:»  Soybean oil triglycerides as raw materials in
2 the synthesis of new polymers suitable for
liquid composite moulding processes like RTM

Soybeans

Epoxidization of Soyoil Triglycerides

CH, CH—CH oo CHy €H —CH CO0—
Lo

CH, CH—CH falats] — = CHy CH —CH oo —
Lo

CHy CH—CH R e CHy TH—CH CO

Hay baler side panel
from soy-based
resin developed for
for John Deere Co.

» Epoxidised vegetable oils
* Maleinated triglycerides
« Aminated fats

» Polyoles
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Biodegradable Plastics

» Biocomposites based on Biodegradable Plastics:

ARBAA'T AAAAR'2 NEeL W UNET

Improvement of
toughness and
reduction of
material cost

Cellulose ester (Bioceta)

_ Biodegradation in
PHB (Biopol) Soil is accelerated

Polyesteramide (BAK) by cellulosic fibres.
Polylactic Acid (PLA)
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Early example of Road Rage? — no, Henry Ford
“testing” soy derived auto panel in 1938
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Maximisation of the (Clean) Energy Supply
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Maximisation of the (clean) energy supply

» Role of materials:

Reduce energy consumption.

Reduce fuel consumption by weight (transport/moving parts) and
design.

Retain/manage heat.

Reduce power losses using superconductors.
Facilitate supply and use of sustainable energy.

Energy Capture.

Energy conversion.

Energy storage.
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Reducing Fuel

» Materials can reduce weight — lightweight structural
materials in cars and planes and moving parts in
machinery in general.

» They can improve aerodynamics by enhancing design
capabilities.
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» Most material driven weight changes in autos are
Incremental and modest.

» But radical changes can produce major benefits.
» (Cascade effects)



Anatomy of Hypercar, Inc.'s Revolution concept vehicle
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Figure 3: Technologies within the Revolution

Design and Manufacture of an Affordable Advanced-Composite Automotive Body Structure
David R. Cramer, David F. Taggart, Hypercar, Inc.

» 39 © 2013 Avalon Consultancy Services Ltd



Hypercar weight savings

Benchmark | Revolution | Difference
System mass (kg) mass (kg) (%)
Structure 430 186.5 -57 %
Propulsion 468 288.3 -38 %
Chassis 306 201.2 -34 %
Electrical 72 334 -54 %
Trim 513 143.2 -72 %
Fluids 11 4.1 -63 %
Total 1,800 856.6 -52 %
Benchmark vehicle mass
1,800 kg Revolution mass
857 kg
O Fluids
i BFluids

40
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Hypercar: design

»

The primary structure is composed of fourteen major parts and 62 total parts—65%
and 77% fewer parts than in the equivalent portion of a conventional stamped steel
BIW, respectively.

Each major part in the composite safety cell is joined using a patent-pending blade
and clevis fully bonded joining technique that is strong, robust, and self-fixturing.
Together, the small number of parts and the joint design simplify assembly, as just a
few parts must be held together until the adhesive bond sets up, without the need for
complex fixtures.

Parts Consolidation

Design and Manufacture of an Affordable Advanced-Composite Automotive Body Structure
David R. Cramer, David F. Taggart, Hypercar, Inc.
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: New Boeing 787
) to Be Made

= Largely of
Composites

- 20% Fuel Savings

Boeing’s new 787 will become the first commercial jet
to be made with most of its primary structure
consisting of composite materials.

Some of the composite materials that will be used
include graphite and toughened epoxy resin, and TiGr,
a titanium/graphite composite. The graphite/epoxy
material will make up the bulk of the composite
materials used in the 787, while the titanium/graphite
composite will be used for the wings.

(Source Azcom)
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Heat capacity in kJ/kg
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Reduce Power Needs: Superconductors

»

Maglev trains use 30% less energy than a
highspeed train traveling at the same speed. (1/3
more power for the same amount of energy).

In Germany, engineers have developed an
electromagnetic suspension (EMS) system, called
Transrapid. In this system, the bottom of the train
wraps around a steel guideway. Electromagnets
attached to the train's undercarriage are directed
up toward the guideway, which levitates the train
about 1/3 of an inch (1 cm) above the guideway
and keeps the train levitated even when it's not
moving.

Japanese engineers are developing a competing
version of maglev trains that use an
electrodynamic suspension (EDS) system,
which is based on the repelling force of magnets.
The key difference between Japanese and
German maglev trains is that the Japanese trains
use super-cooled, superconducting
electromagnets. Japan's system saves energy.
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Clean Energy Supply & Use

» The total energy demand will increase more than 50% between 2000
and 2030, and the related CO2 emissions will increase more than
60% compared to current levels. Industrialized countries are
projected to account for 42% of global emissions, while China, India
and other developing countries for about 50%.

» The trends of CO2 emissions:

Will not allow industrialized countries to achieve the Kyoto targets
by 2008-2012.

Are not consistent with the IPCC long-term scenario of
stabilization of CO2 concentration (550ppm) and the related global
emissions reduction target of around 50-60%.
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Energy Capture - Solar Photovoltaics (PV)

» Itis an industry that is doubling every two years

» Worth $3.5 billion in 2002, it can grow to $27.5 billion per
year by 2012.

» Materials — mainly based on silicon 54.6% market share.
Multicrystalline silicon, then Single crystalline silicon, then
amorphous.

» Materials are expensive.

» Potential for dye sensitised
and polymeric organic materials
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World Photovoltaic Cell/Module Production - 488

48

Country | 1999 | 2000 | 2001 | 2002 | 2003
USA 60.8 74.97 100.32 | 120.6 127.0
Japan 80.0 128.60 | 171.22 | 251.07 | 331.0
Europe 40.0 60.66 86.38 | 13505 | 213.0
ROW 20.5 23.42 32.62 55.05 74.0
TOTAL | 201.3 287.65 | 390.54 | 561.77 | 740.0

COMING SOON?

Nanoscale Antennae Solar

Electric Power

Over 80% Efficiency Potential
Potential Cost < 10% of the
Present cost

Paper thin cells with increased
efficiency -37 mm from Fraunhofer

D. Yogi Goswami

President, International Solar Energy Society
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Clean Energy - Energy Conversion

» Wind — the conversion of kinetic energy to electrical
energy.
On shore/offshore.

» Fuel cells — the conversion of chemical energy to
electrical energy.
For transport, distributed power generation.
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Wind
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Wind

COUNTRY | 2001 MW | 2002 MW Total
Beginning
2003 MW
North 4473 450 4923
America 4275 410 4685
USA
EU 17241 5871 23056
Germany 8753 3247 12001
Other 123 112 235
Europe 17 80 97
Norway
ROW 2479 435 2914
India 1507 195 1702
WORLD 24315 6868 31128
TOTAL

» Market growth depends on size.
» Size depends on materials (self

fatigue)

51

Technology Developments
Average Wind Turbine Size
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Wind blades

» Longer blades, plus advances over 20 years in rotor
controls, generators, composite materials and blade
design, have boosted wind turbine generating capability
from 25 kilowatts (kW) using a 10m/33-ft diameter rotor,
to 1.5 MW, with a 72m/236-ft diameter rotor.

» The cost of generated kilowatt hours (kWh) drops
exponentially with increased power, an important
element in the economics of wind energy. This is
particularly dramatic when small and large wind farms
are compared. E.g., the American Wind Energy Assn.
estimates the cost per kWh for a 51-MW project is 40
percent less than the cost for a 3-MW project.

Middlegrunden,
Copenhagen, Denmark, » The economics for wind farm operators and power

captures wind energy with 20 companies clearly point to bigger blades. Equally clear is
of these 2 MW turbines, each the necessity for advanced technology and production

fitted with 36.8m blades economics in the manufacture of big blades.
manufactured by LM

Glasfiber. Source: LM MATERIALS ISSUE - FATIGUE
Glasfiber (and COSt!)
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Fuel Cells

Thermal Power Mechanical
Power

ey

Electrical
Power

Chemical
Energy
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Fuel Cells
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Fuel Cell Types
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Alkiline EC H> 02 AFC:20°C
H20 H20

Phosphoric Acid FC O2 PAFC:180°C — 220°C
H2

H20

Melicae R PEM: 30°C — 80 °C
H2 O2

Cathaaic EC CO2 MCEC: 650 °C
H-0 CO2

Solide Oxide EC H2 02 SOFC: 1000 °C
H20




Materials issues

“Solid Oxide and solid polymer fuel cells are seen as prime candidates for
both stationary and mobile applications. However, there a number of
important areas to be addressed in any future development” — Materials
Foresight Report, 2003, IoM3

SOFC: Anodes— more resistant to redox, coking problems, tolerant of sulphur
to allow broader range of fuels to be used.

Cathodes: better electrocatalytic stability

Electrolyte: new thin film technology, better oxide ion conducting systems

PEMFCS: higher membrane temperatures, tolerance to CO and other
Impurities. Low cost systems, membranes and bipolar planes.

Hydrogen Storage: need for solid route to storing hydrogen to achieve energy
densities comparable to liquid fossil fuels.
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Approachlng Reality

= U

Hydrogen
Oil refinery road transport  Filling Station with pressure Fuel Cell Buses
tank, compressor and
dispenser
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Energy Storage - Batteries

» Li-composites
» Thin films

» Batteries for cars (Evs)

» Batteries for electronic
devices, medical implants

Lithium / composite polymer electrolyte (CPE) -
pyrite battery

Insulator

Lithium

! : Current collector
Compaosite

pyrite cathode *Total thickness: 100-150 um

58

Li ion conducting T

electrolyte Li “_x)anO‘

Positive

Negative
current collector

current collector

Manganese oxide (spinel)
positive electrodes

Thin Film Battery

1. Thin Film Battery : Active Power Sources for Microelectronics
wdp On chip Battery !!!
* Remote Sensors, Miniature Transmitters
< 1S BS| 20] = A 6= Smart cards @] A $1, MEMS Devices
* Implantable Medical Devices (21 ML SN SE QAR ININE S8 AR)

S CvO S

o3

<CMOS-SRAM Memory with Thin Film Battery>

2. Thin Film Battery Fabrication

Olem X03pm
i= 100 pA/cm’
. N

<H10} X X|0] M =P X
s ST <Li/Lipon/LiMn,0, ZWX S241>

S 9(LiMn0,) =& (04
men)
mp 222 4<0.05% per cycle
(AN Cpon) BA QY Better Coulombic Efficiency
‘ A
ga'"v‘ﬂi)‘ dETEER Than Liquid Electrolyte
& OISO & R

@ Seoul National Univ.
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Energy Storage — Kinetic energy

» Flywheels — high strength composites.
» More energy stored per Kg — high speed.

» Magnetic bearings —high energy density, low power
losses.

» Rapid response times.

Glass Fibre—

Magnetically Loaded

glass fibre
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Energy Storage — Kinetic energy

60

» Flywheels also have a role in hybrid
power systems, storing energy when
vehicles slow down and supplying it
when they start again.

» Some worries about containment —
another role of advanced materials

» And power smoothing e.g with wind
turbines...

B600kW Turbine & 200kW Flywheel

s | Combined Output
a4 smoothed

N i Wl
~ e T T
\. | .‘
241 8 10 i - AR I8 K 14
‘ (Sl
| . -t
e :

Flywheel N Time e S o
“9 | Output ' seconds g
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How to Ensure Technology is
Exploited




How to ensure technology is exploited?&

» Many technologies for recycling are developed — but
expensive. Recycled plastics often cost more than $12/kg
— much more than virgin feedstock.

» Replacing organic solvents with agueous solvents — cost.
» Encouraging the use of biodegradable materials — cost.
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Government intervention is needed to make market
corrections that provide a cost incentive, provide
assistance in creating infrastructure.



Are all government initiatives hel

O EU Directive on End-of-Life Vehicles

64

2002

2005

2006

2015

cost-free take-back of all vehicles produced from
this date when they get at end-of-life.

vehicles to be homologated to 85% reuse/recycling
and 95% recovery (=10% energy recovery).

all received vehicles to be reused/recycled to 80%
and recovered to 85%.

all received vehicles to be reused/recycled to 85%
and recovered to 95% .
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Most governments...

» Are committed to sustainabillity.

» Think short term.

» Implement legislation to optimise existing systems.
» Act on limited information.
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Improvement/optimisation is not enough..... §

System change

All electric

hydrogen Low Co?2

Improvement and fnovation

iImprovement

time
The Kyoto process and system innovation — after Rotmans et al 2000. 2001
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System Transitions required for significant change

Indicators for Social Change

CO2 policy Mobility leasing

System INNOVATION

Organised car sharing

Personalised Public Transport

Advanced Collective Trangfort

System OPTIMISATION

P and R Bus lan Anti congestion policies

Intelligent motorways

Fuel cells

Urban cars Car electronics

System optimisation versus system innovation for land-based passenger
transport (Kemp and Rotmans 2001)
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Transitions in Systems

» “Transitions involve structural change but not everything
changes. What changes most fundamentally are the
assumptions, practices and rules. Technological changes may
be secondary, which is a different way of looking at transitions
than most people do:

» especially engineers are inclined to view technology changes
are primary, and institutional changes as secondary, which are
often seen as being forced by technology, overlooking the fact
that the technologies are made by people guided by new
ideas, a new outlook and a new set of assumptions.”

» Kemp and Rotmans 2001
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Concluding Thoughts




Concluding Thoughts

» Materials Technology is a major enabling technology for
sustainable development.

» Non technical factors may be just as important in
Implementation.
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