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Tegronice’ Backgsoand

Specialises in application of DC Plasma Arc Technology on a global basis
Established 1964 in Faringdon, Oxfordshire, UK

Recent investment and move to new bespoke facilities near Swindon, UK
Comprehensive and sophisticated R&D trial facilities

Mature technology platform and securely protected IP

Experienced process design, engineering and manufacturing staff
complemented by project management, commercial and environmental
regulatory expertise

40+ global reference installations



What is Plasma?

Plasma is an ionised (electrically
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known as 4 state of matter
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Is heated to over 5,000 K by an
electric current

Thermal plasma emits intense heat 1000 K 2000K 3000 K 5000 K +
and ultraviolet light
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matter into an inert rock GOLUSONE

Thermal plasma arcs widely used in
steel industry for many years

Plasma; a controllable, clean, high temperature and versatile heat source
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Europe

6 Plants in the United Kingdom
2 Plants in Italy

2 Plants in Spain

1 Plant in Germany

1 Plant in Sweden

1 Plant in France

SSNSSASS

~+ 2 Plants in North America A}
North
America EuFppe.

oy ~ -
PR S
—

< =
East Asid

" South
~ .. America

-

Oceania

Global Customer Reference Map as of: July 2011
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Market Characteristics

Incineration, and other advanced thermal conversion technologies, are playing a key role
in the future of UK waste management as an alternative to landfill for wastes

Limited hazardous waste landfill capacity or other land-based (salt mine) disposal
Landfill disposal considered unsustainable, there is a desire to phase it out

Recovery and/or reuse trends in waste management (hierarchy) with waste increasingly
being seen as a resource and not a problem

Increasing stringency of operational and waste management regulations

Annual quantity produced in the UK from MSW combustion alone is circa 170,000
tonnes/yr and predicted to increase further as new thermal waste management plants
come on line. i.e. >40,000 tonnes/yr in APC disposal predicted in the short term (4-7
years)

Tightening transboundary movement of waste restrictions , i.e. permitted only for recovery
APC Residue management seen as a hurdle in licensing new primary industrial plants

Integrated long term disposal costs are increasing, now at £140 7 £150 / tonne waste with
contract term lengths, and hence business risk, also increasing
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Market Pressure (1) - Land Fill Tax Escalation
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Standard Rate Landfill Tax £/tonne

1995 2000 2005 2010 2015
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Source : 2011 HMRC/Treasury Tax Data: Budget 2010 announced that the standard
rate of landfill tax would increase by £8 per tonne each year until at least 2014.
Expectation must be for further increases above £80 per tonne from 2014
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Market Pressure (2) - APC Arisings
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Plasmarok® is an Environment Agency approved product
V Use - Can be used for a range of applications (e.g. aggregate)

V Suitability - Mechanically stronger than natural alternatives such as basalt
and granite.

V Safety - Non hazardous and extremely resistant to leaching
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° Arsenic Leachable ey B Nickel Leachable Antimony WEBLE materlal. After
Leachable Leachable Leachable transformation into Plasmarok®
Untreated Material (%WAC level) 390.00 96.25 11520.00 134,25 70833.33 |t meetS the inert WaSte

M Plasmarok (% WAC level) 1.00 1.25 24.00 6.65 10.00 . .
B WAC for Inert landfill (mg/kg) 0.5 0.04 0.5 0.4 0.06 acceptance criteria
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More Product Value - Petrugic Glass-Ceramics

A Production Method
A Casting into shaped mould (finished product, semi-finished shape)
A Air cooling or controlled cooling

A Potential Ultimate Products
A Monolithic finished products, e.g. flags, kerb stones, ashlars

A No current commercial examples

A Commonly used as an outlet for slag from copper and brass smelting works in
18" and 19™ Century in South West of UK and in Germany
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Post-
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APCR Vitrification (Stage 1 i Flux Addition)
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APC residues are blended with a fluxing agent (acidic oxides)

Fluxing agents are either another waste or virgin mineral products,
e.g. silica sand

Material flux additions are low, typically <10% w/w.
Fluxes produce a low melting point, fluid melt at temperature
The flux aids melting and enhances |
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APC Residue Vitrification (Stage 2 - Feeding)

The furnace is preheated to 1400 7 1600 °C and primed with material before
APCRs are fed steadily

Blended APCRs are continuously fed at a controlled rate into the plasma
furnace

The material enters through the furnace roof close to the plasma arc
The furnaceds operation I s contained
Feed material is assimilated into the melt at its upper surface
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APC Residue Vitrification (Stage 3 - Furnace)

The heat and light from the plasma destroys and/or transforms hazardous
components

Destruction and Removal Efficiencies (DRES) are 99.9999%

Material is continuously processed and has a residence time of tens of minutes
Plasmarok® is produced at the same mass flow rate as the APCRs are fed
Massive volume reduction as Plasmarok® has three times the density of APCR

The Plasmarok® is formed from a variety of oxides but is primarily an
aluminosilicate, i.e. rock
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APC Residue Vitrification (Stage 4 - Products)

Nearly all the material that enters the plasma furnace is transformed into
products

Secondary APCR wastes are minimal, <5%, and managed conventionally
In addition to Plasmarok® hydrochloric acid HCl,, is recovered

The HCl ,, Is recovered from the off-gas stream by dissolving hydrogen chloride
in water

The production of HCl ,,, displaces acid gas emissions and minimises
secondary wastes

18%w/w HCl ,, is produced; a quality suitable for steel pickling applications
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Note: Building is circa 35 x 75 m and height to apex is circa 22 m



M Tetronics

Plasma Furnace Conﬁguration




30k tpy Embedded Process Carbon Footprint

Assessment undertaken by Enviros and Imperial College London based on the
Kyoto Green House Gas Protocol:

Co-located 30k tpy plasma waste treatment facility
DEFRA EfW electricity conversion factor = 0.304 kg CO, / kWh

Process carbon footprint, including offsetting = 0.47 tonnes CO, / tonne APC
residue treated

Modern 200k tpy MSW (3% w/w = APC residue) EfW produces 18 MW, gross,
with an EfW plant parasitic load of 3 MW,

Required plasma power of the 30k tpy plasma waste treatment facility
(4.65 MW,) is of the same order as the parasitic load of the EfW plant
Plasma process is capable of dealing with the arisings of five EfW plants

The plasma process becomes more attractive with time due to the shift in the
UK energy blend (and conversion factor) coupled with a higher renewable
fraction



M Tetronics

Plasma Process - Comparative Carbon Footprint

°©
(]
IS
Q
= 08 0.769 —
4 0.734-"
S o7 0.675 0.659
(%)
Q
D) G 0.581 0.565
prd 546
S os 0.487 0.471
< ’ 0.452
5 04
o
0
S 03
‘n
D
£ 02
()
N
8 01
%2}
c
S o
Separate plasma Plasma process plant Combined scenario Separate plasma
process plant on-site EfW plant (20k tpy on-site + 10K process plant 2020

tpy separate plant)

\El No offset from HCI production BWith HCI offset - Burner process OWith HCI offset - Manheim process \

Cement Solidification benchmark (each tonne of APC residues solidified with
3.6 tonnes of cement) requires = 2.95 tonnes CGO, / tonne APC residue
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Power Hungry? Value for Money?

Sustainable infrastructure development is linked to Renewable Obligations (RO); the
main support scheme for renewable electricity projects in the UK:

4 A Renewables Obligation Certificate (ROC) is a green certificate issued to eligible
accredited UK generators for each megawatt hour (MWh) produced. We anticipate
the introduction of the Renewable Heat Incentive (RHI) scheme in 2011

A ROCs are attributed to the net power generated; i.e. (gross generation i parasitic
load of the generating station)

4 Levels of ROCs are dependent on the technology and waste etc, i.e. x1, x1.5 or x2.
A An embedded plasmaplantisco-l ocat ed but not part of

A Operators, in using some of the energy generated to power the plasma plant,
obtain ROCs and then only sacrifice the raw power revenue of the energy
consumed by the plasma plant in treating the hazardous waste arisings

A Plasma power consumption for a typical 600k tpy biomass power plant is
approximately equal to 50% of the parasitic load of the generating station
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PREL = Peterborough Renewable Energy Ltd
UKSs First Green Energy Park

Energy Park Peterborough, granted consent
by DECC in November 2009, to process mixed
waste, producing reusable products and
renewable energy

65 MWe, 600k tpy Biomass Power Plant
Tetronics selected as Tier 1 contractor

TetronicsoO plasma tect
generated APC residue into raw materials for
the building industry, thereby ensuring close to
zero residues to landfill

The: PREL Pnajéettvilibeliactbatalyshfosciangéimihpe Wkthe UK
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Electric Arc Furnace Dust Treatment
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Note: building is circa 25 x 40 m and height to apex is circa 20 m
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Operation Plant Reference 1 - Harsco

Operator = Harsco

Year of start up = 1992

Location = Terni, Italy (within the ThyssenKrupp Steel Mill)
Specified Working Capacity = 20,000 tpa mixed waste
Waste = EAF/AOD dust and mill scale / cuttings

Operational Status = active
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Power rating = 7 MW at 20,000 Amps
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_Plant Availability Harsco

Note: Availability expressed as a % of total working hours per calendar year.
Maximum workable hours per year are typically 90% of 8760 = 7884 hours



