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Drivers for change and resource efficiency

Overview on residues from thermal processes

Lightweight aggregate

Lytag manufactured from PFA, and why it is not ideal

Examples of research: incinerator bottom ash and sewage sludge ash

Conclusions
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CO, emissions

Environmental Climate change
Population growth

issues N
1 Exploitation of natural resources
Increased cost of energy/transport
Government Waste disposal tax
Initiatives CO, pricing
(EU and UK) Taxes on resource extraction
. 1 Industrial symbiosis
Business Resource efficiency
Development Sustainable materials
and Innovation Low-carbon economy
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Linear system

Courtesy of Peter Laybourn, NISP
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Conventional primary raw materials
s
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Move toward
Circular system

Courtesy of Peter Laybourn, NISP




Wastes as important new resources
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disposal
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Residues from thermal processes

alil Sec ernational Slag Valorisation Symposium | C
- N




Imperlal College
Residues from thermal treatment processes N

Coal power stations: Pulverised fuel ash (PFA)/fly ash
Furnace bottom ash (FBA)
Flue gas desulphurisation (FGD) waste

Energy from waste: Incinerator bottom ash (IBA)
Air pollution control (APC) residues

Biomass ash: Incinerated sewage sludge ash (ISSA)
Paper sludge ash (PSA)
Wood and other biofuel ashes

Steel industry: Ground granulated blast furnace slag (GGBS)

Electric arc furnace (EAF) dust

12 Second International Slag Valorisation Symposium | Cheeseman, Imperial College London
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Glassy and/or crystalline, similar to volcanic ashes

Aluminosilicate based, with residual carbon content and other contaminants
Pozzolanic - potential for use as cement replacement materials

Variable - waste residue, development of beneficiation processes

Relatively low volumes in many cases
Some may have fertiliser value

May be hazardous wastes

Concern over leaching into the environment

ISCOWA - The International Society for the
Environmental and Technical Implications of
Construction with Alternative Materials

http://www.iscowa.orq/
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Cement and concrete

Geopolymers
Alkali-activated pozzolans
Reuse by carbonation technologies

Liquid phase sintering - ceramics/glass-ceramics

Inorganic-organic composites
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Lightweight aggregate for structural

lightweight concrete
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e Granular material, typically 6-10mm diameter

e Low density, ideally ~ 1.1-1.3 g/cm? but not < 1.0 g/cm?3

(normal aggregate ~ 2.6 g/cm?)

e Very low water absorption, ideally 0 wt.% but < 3 wt.%

e High strength

e Roughly spherical

e Surface engineered to bond into concrete
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1. Natural materials

Pumice, volcanic slags, expanded vermiculite

2. Manufactured lightweight aggregate

Expanded clay, shale or slate:
Optiroc, Liapor, Perlite, Maxit - geotechnical uses

Recycled glass: Poraver - lightweight thermally insulating products

Sintered ash: Lytag - market leader for structural concrete
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LightWEight aggregate applications London

Lightweight precast concrete products
Off-site manufacturing

Structural lightweight concrete
Lightweight fill material

Medium for water filtration

Landscaping and drainage

Agricultural and horticultural applications

w 19 Second International Slag Valorisation Symposium | Cheeseman, Imperial College London
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Lightweight aggregate manufactured
from pulverised fuel ash
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Lytag
One of the most successful ash derived construction products
Uses pulverised fuel ash from coal fired power stations

Relatively simple production process involving pan pelletising and sintering

Low-energy as uses residual carbon in ash as fuel

&
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Lytag manufacturing process London
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Rapid sintered 1250°C Slow sintered 1250°C
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Lightweight aggregate using
incinerator bottom ash from energy
from waste (EfW) plants
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MSW

Number of Treated
facilities Mt per year

France 130 12.3
Germany 67 17.8
Italy 51 4.0
Sweden 30 4.5
Switzerland 29 3.6
UK 24 4.4
Norway 20 0.8
Belgium 16 2.6
Netherlands 11 5.8
Spain 10 1.8
Austria 8 1.6
Portugal 3 1.0 MSW
Finland 1 0.05 Municipal solid waste
Poland 1 0.05
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drm donWaste (Built 1974: capacity 550 ktpa)
Nottingham: WRG (1974: 150 extension to 180)
Coventry: Cov & Sollhull WDC (1975: 240)
Isles of scilly (1978:3.5)
Stoke: MES (1589: 180)
SELCHP, Lewfsham: Veolla (1994: 420)
Tysley, Birmingham: Vealla (1996 350)
Wolverhampton: Entesprise (1998: 110}
Dudley: MES (1998:90)
TeesValley, SITA (1998: 250, extension to 375}
Shetland (Bullt 1998:23)
NEWLINGs, Grimsby: Tiru Groupe (1999: 56)
Baldovie, Dundee: DERL (1999: 120)
Bolton: Viridor-Laing (2001:130)
Kirklees: SITA (2002: 136)
Chineham:Veolia (2004: 90)
Isle of Man, SITA (2004: 60)
Marchwood: Veolia (2005: 165)
Portsmouth: Vieolla (2006: 165)
Sheffiekd: Veolta (2007: 250)
Allington, Kent:WRG (2008: 500)
Isle of wight: Enesgos (2008: 30) Gasification
Dumfries & Galloway: Scotgen CHP (Merchant) (2009: 60)
Lakeside, Grundony Viridor (Merchant) (2010: 400)

Under Construction

Seamer Carr, capacity 18ktpa (pyroly
Runcorn, Ineos Chlor: 850
Belvedere, Cory: 585

E Sussex/ Brighton PFI, Veolla: 210

Currently Not Operational
Crymiyn Burrows: Neath-Port Talbot (2004: 135)

Source: Incineration Transformation, A.Metcalfe, CIWM, June 2010
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Surrey Waste-SITA,
38 Biossence, East Sussex (Mer G) (95)
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Combustion at 900 to 1000°C
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30% of waste input is IBA
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>20mm, ~ 15%

Used as aggregate

AGED
RAW mmm) MAGNET EEE) SCREEN HEEP >gmm, <20mm, 40%

ASH
Used in cement
and bound bituminous
asphalt

FERROUS <8mm, ~ 45%

Potential use as fines in concrete
blocks but problematic
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Production process

milling

- pelletising
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Lytag density data
water absorption (%)
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Lightweight aggregate manufactured
from sewage sludge ash
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1. Beckton: East London
2. Crossness: East London
3. Roundhill: Stourbridge
4. Coleshill: Birmingham
5. Leeds

6. Sheffield

7. Huddersfield

8. Bradford

9. Widnes

10. Belfast
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UK sewage sludge incinerators
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density (apparent specific gravity, g/cm3)
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Mechanisms occurring during rapid
sintering of lightweight aggregate
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Complex materials

Performance
Number of interacting effects

Reduced viscosity of the glass phase

Synthesis

Liquid phase sintering Structure

Volatilisation of various components

Properties

Internal oxidation and reduction reactions

Formation of pozzolanic coating
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Ideal lightweight aggregate

e Strong core with uniform voids
e Dense surface coating

e Rough surface

e Approximately spherical

¢ 6 - 10 mm diameter

e Ca0 rich surface coating

¢ Black core due to reducing condi

=AY Pl e i N
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Formation of connected porosity

Results in high water absorption

and reduced compressive strength

Not ideal for structural concrete

r__’ ERTE, A > > .
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Schematic microstructure 3 London

Marginally over-fired

Exaggerated growth of voids
Low density
High water absorption
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Schematic microstructure 4
s

Over-fired lightweight aggregate

Bloated

Low density

Low strength

High water absorption
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chematic microstructure 5

Over-bloated aggregate
Extremely lightweight

Over fired

Extremely low density
Very low strength
High water absorption
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Important drivers for increased resource efficiency

Beneficial reuse of residues from thermal treatment processes
Lightweight aggregate - Lytag from pulverised fuel ash

Other options using relatively simple processing

Control of mix design and processing

Engineered lightweight products with improved performance
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