








What fuels can be used?

The Stein Pyrolysis Unit can use a variety of fuels.
The fuel supply does not need to be homogeneous.
It has to be shredded to a size less than 15mm,

so that the fuel can be fed into the system with
almost no oxygen in it.

Fuels include (individually or mixed):

Timber and crops (either specifically grown

for the process, or waste from existing industries)

Abattoir and food processing waste

Sewage sludge (animal slurries and
urban wastes)

Municipal solid waste (MSW), and
miscellaneous, pre-sorted industrial waste

Bio-fuels
Plastics
Forestry waste

Peat
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The process can also take fuels with a high
moisture content. Greater efficiency is obtained
by reducing the moisture content to between
5-10%, through utilizing waste

Lignite (coal and peat)

Clinical waste

Bio mass

Commercial and industrial waste
Tyres

Lubricants

Straw

Willow

Miscanthus

Emissions.

The nature of the process mitigates against
dioxin formation, and prevents the pass through
of pre-existing dioxin and related compounds.

For dioxin to be formed, much higher levels
of oxygen are required, and indeed any dioxin
introduced to the feed would be broken down
in the pyrolysis stage.

Any chlorine in the feed, for example PVC

plastic, breaks down under reducing conditions
and is converted to hydrogen chloride (HCI) gas.
HCl is highly soluble in water, and is removed and
neutralised in the wet scrubbing process.

Acid components, sulphur etc are removed with
the gas and are extracted by the wet scrubber
through ph correction.

Heavy metals and volatile metals such as lead,
mercury, antimony, bismuth, that have significant
vapour pressure at the pyrolysis temperature will
be reduced to metallic form and will be trapped

in the gas scrubber, appearing as a component of
the sludge from the scrubber. The levels of these
components in the feed are controlled to minimise
the levels of solid treatment residue.

Because of the reducing conditions in the
retort and the high temperatures therein, the
metals of concern are unlikely to partition to
the char fraction. However, the char system is
a WID compliant combustion process with all
the features
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Opportunities?

When governments talk about adding the
assumed cost of carbon emissions onto major
public project appraisals you could say we are
probably entering a new and enlightened phase
of environmental governance. This will be to the
advantage of those businesses that look beyond
the purely financial bottom line but rather set
their sites on the economic, environmental and
social benefits.

Economic

Taken as a blunt instrument the commentators
suggest that the economic cost of the new

EU renewables target could be up to £6.5 billion
per annum.

But if the solution does not require massive
investment in power infrastructure, and if the
organisations providing the technology are

UK based feeding the receipts back into the UK
economy, there may actually be savings rather
than net costs.

Technology

Any technology that has not been in service at
multiple locations for several years is perceived
as carrying greater technical risks than proven
technologies that have been used in many
locations for decades.

The individual stages and sub-processes that
make up the overall Stein Pyrolysis process have
been in use for many years. But are uniquely
altered to perform and interact, to provide the
unique technology of the Stein Pyrolysis Unit.

It is an entirely innovative process, not the
‘creation of the new’, but the ‘re-arranging of the
old in a new and different way’.

The skill set needed to produce the equipment

is basic engineering. None of the equipment
requires particularly ‘exotic’ materials or ‘aircraft’
tolerances. This holds true for the operation and
maintenance of the plant.
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Finance

First Power Limited are working with a number
of financiers to provide the money for fabrication
and installation of the plant and equipment.
Where First Power are producing stand alone
plants this would be covered by both project
and asset finance in a conventional way.

Planning

We are working with specialist environmental and
planning advisors to ensure the optimum siting
of our plants. The preplanning process we have
devised, covers all aspects to ensure timely and
low cost approvals. We are committed to local
consultations to ensure the most appropriate
outcomes for all stakeholders.

Economic

Monetary Risk
Net cost Technical maturity
per tonne
processed Flexibility
and strategic
Cost of WTS value
and road transport
of waste

Gasification

Environmental

Local Clobal
Plant Displaced fossil fuel
emissions to C02 emissions
air and land
Total external
Plant water costs of waste
discharge to sewer road transport
Individual
plant site footprint
Individual
plant site
visual impact

Social

Employment

Sustainable
jobs created

Variety of
skill levels

Community

Lorry traffic impact
on local
communities

Health of local
community

Community
ownership

Opportunities for
public involvement
and education



Dispelling a few more myths.

The plant will produce Dioxins. Any plant
that burns chloride bearing fuels, due to
oxygen presence even if restricted, will
produce dioxins.

It’s combustion by another name.

Waste to energy inhibits recycling.

Plants have to be large.
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We do not have oxygen present in the
pyrolysis stage so chlorine is released as a
chlorine gas that is soluble and is removed
in the gas scrubbing stage.

NO because no combustion of the

fuel takes place during the pyrolysis
phase. The second stage is combustion
but of a clean fuel.

If the recyclables are removed first and
only the residues that would go to landfill
are used then NO in fact it is recycling
the residues by converting to energy and
displacing fossil fuels.

No. For mass incineration the economy
of scale is such that the plants have to

be large to pay. However due to the small
efficient nature of the Stein Pyrolysis Unit
the plants are small and unobtrusive.

Frequently asked questions.

No as it creates dioxins and other pollutants. Cleaning is a back end process and

not 100% effective. It is less efficient and large scale combustion creates its own issues
such as transporting waste large distances to supply the plants. Our small clean efficient
plants located at local sites minimise transport and pollutants whilst increasing the
power production and offsetting more fossil fuels.

Chlorine needs oxygen and heat to make the Dioxins. No oxygen is present at the
conversion stage in the Stein Pyrolysis Unit.

In many respects, thermal pyrolysis and incineration are opposite processes.
Incineration, through temperature with oxygen, can create complex structures including
hazardous substances, whilst pure pyrolysis dissociates the molecules of complex
substances into simple gases. Oxydisation can not take place as the oxygen is not
present at the time of pyrolysis.

Despite efforts to recycle, the quantity of waste requiring disposal remains high (for
example 88% of Municipal Solid Waste went to landfill in the London Borough of Tower
Hamlets in 2007). The pyrolysis process can not — as such — aid recycling. But coupled
with a Resource Recovery Unit, it is expected that a proportion of recyclates that would
ordinarily go to landfill will be extracted.
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The Stein Pyrolysis Unit.




Product features.

® Modular (standard modules of 0.5 & 3.0
tonnes per hour of dried fuel — a 6.0 tonne
model is currently in the design stage)

® Compact size

® No high stacks

® Minimal moving parts

® Low capital cost

® Long life (at least15 years), high reliability

® Unattended (automatic) operation, with
minimal labour needs

® Low emissions (even composting, like landfill,
produces methane)

predominantly clean emissions comprising
nitrogen gas and small amounts of water

vapour, oxygen and C02

SOx, NOx, CO and VOCs easily comply with
strict environmental standards worldwide

® High efficiency
® Minimal ash, in contrast with high ash

residues from incineration plants, which
forms a vitrified slag used in construction
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Design specifications.

The plant is capable of continuous operation
i.e. 24 x 7 for 365 days with a maximum of
6% down time.

The pyrolysis process takes any carbonaceous
material, wood, plastic etc with a size less
than 15mm.

The gas is fed into a gas engine or gas turbine,
which drives an alternator to generate electrical
power for export into the local grid network. The
exhaust heat from the gas engine or turbine is
added to the system to support the process.

One unit is designed to handle 3.0 tonnes of

dry fuel input to the gasifier per hour with an
average calorific value of 18Mj/kg and to produce
a minimum of 3MW of electrical power. This

is approximately equivalent to unsorted wet
municipal waste of 6.0 tonnes per hour. The
drying process also sanitises the waste so as to
avoid health risks etc. in the down-stream sorting
and pyrolysis. A steam turbine can be added to
increase electrical output.

Odour Control
The processing areas of the plant are designed
to eliminate any odours.

Noise

The major noise sources from the site will be
delivery vehicles and front loaders, which will
comply with relevant noise levels. The shredder
units require noise attenuation to achieve a noise
level of 85 dBa at 1 metre.

The gas compressors, down-stream from the
gas storage, require acoustic enclosures in
order to meet a noise level of 80 dBa at 1 metre.

The gas engine units or gas turbines are housed
in acoustic enclosures to meet a noise level of
80 dBa at 1 metre.

Visual Pollution

The plant and equipment is unobtrusive with
the combined Pyrolysis Unit and gas engine
exhausts being the only sources of emissions
during normal operation with a short stumpy
chimney on the flare stack.

Process Monitoring

The emissions from the engine’s exhausts are
monitored to ensure they stay within the statutory
regulations.
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Gas quality control.

The even temperatures applied to the retort produce constant temperatures inside the retort to deliver

a consistent quality of gas. The consistent gas quality allows it to be used in both reciprocating engines
(used in smaller applications) and in gas turbines.

Conventional Retort The Stein Pyrolysis Process

Exhaust from secondary converter
‘ Chimney

1100-1200°C

Furnace

—

Rotation

Gas flame impinges on
retort to heat vessel wall

Modified retort
Short fat retort = minimises gas dwell time,

Surface heat passes into fuel

producing less hydrogen

Conventional retort
Long thin retort = increased gas dwell time,
producing more hydrogen Heated evenly - low thermal stress

Not prone to bowing

Arthin retort is also prone to bowing [ |

High thermal stresses,
hot side expands

Cold side contracts
Vessel bends. High mechanical stress
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Secondary converter.

The char (charcoal) is burned in the secondary converter to generate heat. The hot gases are forced into
a cyclonic downward action causing the heavy ash to melt and fly outward onto the walls where it flows
down and out of the secondary converter in the form of a vitrified slag. The hot gases on reaching the
bottom of the refractory lined vessel turn upwards and out from the converter.

Hot gases exhaust out 1200-1300°C

Primary air

Primary air
with char with char
I T
Molten ash flows down Molten ash flows down
the refractory walls the refractory walls
Slag area
Slag at 900°C

‘ Vitrified slag out to water bath
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Typical emissions.

Typical emission figures using wood waste prior to any emission abatement equipment

being installed are as follows:

Parameter Units Result Uncertainty
+/-
Total Organic Compounds (as C) mg/m? NO -
Total Organic Compounds (as C) Emission Rate g/hr - -
Oxides of Nitrogen (as NO,) mg/m? 402 28.6
Oxides of Nitrogen (as NO,) Emission Rate g/hr - -
Sulphur Dioxide mg/m? 9.1 0.61
Sulphur Dioxide Emission Rate g/hr - -
Carbon Monoxide mg/m? 17.1 0.71
Carbon Monoxide Emission Rate g/hr - -
Carbon Dioxide Yowv 7.1 1.4
Oxygen Yowv 12.2 0.51
Moisture % 5.6 0.56

All results are mean values, with pollutant concentrations expressed at reference conditions.
Combustion Gases: Reference conditions are 273K, 101.3kPa, dry gas, 11% Oxygen

Monitoring Times

Parameter

Sampling Date

Sampling Times

Sampling Duration

Total Organic Compounds (as C) 13th November 2008  12:11 — 12:41

30 minutes

Combustion Gases

Process Detalils

Parameter

13th November 2008 12:50 — 13:00

Process Details

10 minutes

Process Status Trial

Continuous or Batch Process

Continuous

Fuel(if applicable)

Municipal Waste

Plume Appearance

None Visible
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Comparison of technologies.

Typical Energy recovery plant
(Commissioned 2006)

500,000 tons of residual waste from all over
Country. Delivered to fuel transfer stations
then by lorry to the mass incinerator.

Latest Lurgi fluidised-bed technology.

Best of this technology and WID compliant.

Generates some 34MW net power to grid.

Almost 300 lorries delivering per day with an
estimated round trip of 35miles (10,000 lorry
miles per day).

84 acres of land.

80m tall chimney required.

Bottom ash has dolomite added and is recycled.

Fly ash has lime and activated carbon added to
clean up the chimney emissions.

Expected emissions are as follows: dioxins —
0.05 ng/Nm3 (limit is1.0); SO, — 15 mg/Nm,
(limit is 300); NOx — 325 mg/Nm, (limit is 350);
and CO - 4 mg/Nm, (limits 100). Particulates,
HC, HF and heavy metals are all well below
the limits.

Stein Pyrolysis Unit equivalent for
same fuel

6 plants located next to fuel transfer stations.

Pyrolysis gasification (No chlorines or Dioxins).

Equally WID compliant but without expensive
abatement.

Each plant will export 9MW in combined cycle
totalling 54MW.

No lorry movements. Plants are at the fuel
transfer sites.

Each plant will require approx 2.5 acres.
Plants require 4 x 15 meter tall chimneys.
No Back end cleaning required.

Fewer chemicals required.

Expected emissions are as follows: dioxins
0.005ng/Nm3 (limit is 1.0); SO,- 15 mg/Nm,
(limit is 300); Nox- 345 mg/Nm, (limit is 350)

and CO- 80 mg/Nm, (limits 100); Particulates
HC, , HF and Heavy metals almost nil.
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Terms referred to in this document.

Bio-waste
This is organic waste.

CCHP

Combined Cooling Heat & Power.

CHP

Combined Heat & Power.

DE

Decentralised Energy.

DEfW

Decentralised Energy from Waste.

EfW

Energy from Waste.

KWh

Kilowatt hour.

MSW

Municipal Solid Waste. Black sack

waste as collected at kerb side.

MW

Megawatt.

NOx

Nitrogen Oxide.

RDF
Refuse Derived Fuel. Sorted MSW
i.e. all recyclables have been removed.

RRU

Resource Recovery Unit.

SOx

Sulphur Oxide.

SRF
Solid Recovered Fuel. This is the solid
fraction within waste that can be recovered

VOCs

Volatile organic compounds.

WTS

Waste Transfer Station.

WID

Waste Incineration Directive.



A new company in an old industry. We own the
intellectual property rights to utilise the Stein
Pyrolysis process world-wide for the production of
renewable energy and the reduction of landfill and
incineration. We are growing a predictable and
sustainable business for the benefit of everybody.

First Power Limited
2 Turnberry Quay
London E14 9RD

T 020 7363 8888

F 020 7363 0332

info@firstpowerlimited.eu
www.firstpowerlimited.eu





