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1. BENREG Universal Plant™; Basic principles and concept

1.1. Basic principles and concept

The BENREG Universal Plant® was developed by ProCone

a. todrastically reduce the worldwide increasing flood in waste material and so reduce the need for
economically ineffective waste disposal systems with their different collection and disposal im-
plications,

b. to reduce environmental pollution and conserve resources through the optimal production of en-
ergy and raw materials from waste material, and

c. To reduce environmental pollution of the air, soil and water.

The BENREG system enables the sustainable recycling of waste material and reintroduces the energy
and raw materials won through this process back into the production and commodity life-cycle.

The core process involves the gasification of organic (carbonaceous) waste material for the production
of synthesis gases which can be used for energy production in secondary processes using special air,
gas and water cleansing plants and lean gas combined heat and power plants.
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1.2,

1.3.

The process of gasification (combustion with reduced oxygen supply) exploits the ability of carbon
elements to bind oxygen elements most strongly in order to extract oxygen from a variety of molecular
compounds present in waste material with a view to thermally cracking and reducing such compounds.

This provides an economic way of obtaining chemically simple molecules and elementary compounds
which can be used in practically pure form for the production of new products.

The BENREG Universal Plants® employ a variety of different approaches in combination in order to
convert waste material, contaminated waste, and biogenic remains into energy and raw materials as
well as to process raw and secondary materials and waste water of all kinds.

The modular conception of the plants allows the plant operator to successively expand the plant at a
later date (within pre-definable budget and time parameters) in order to incorporate new kinds of waste
material processing without needing to revise the overall waste management concept, for example
through the addition of waste meat products and biogenic mass processing for energy generation.

BENREG EUROPE GmbH market

The BENREG Group plans and realises plants of many kinds with the common goal of providing sus-
tainable systems for the provision of energy and materials using ecologically and economically appro-
priate techniques of processing input materials from regenerative sources.

Our primary areas of focus are

the decentralised generation of energy and recovery of raw materials from spent biomass materiall,
7 the decentralised generation of energy and recovery of raw materials from organic waste, and
”  The decentralised generation of energy from naturally available biomass material.

The above are based upon a core process of high-temperature gasification using the PROMETHEUS-
multi-feedstock gasification plant” manufactured by ProCone GmbH® and are preferably implemented
decentralised i.e. located close to where the input material originates.

Our market services fulfil the highest quality standards, during and also beyond the start-up phase. Our
processes and resulting market services fulfil relevant norms including 1SO, EU-machining guidelines,
CE-marks and certification.

We actively undertake to incorporate and implement new national and international quality and envi-
ronmental standards as they are developed with a view to reducing costs, to differentiate us from our
competitors and to maintain our entrepreneurial independence.

Waste materials suitable for processing

Waste materials suitable for processing are detailed in the AVV regulations (European waste material
directives). In general these include the following waste materials:

Household waste and waste from communal refuse collection

Commercial and industrial waste materials, primarily with organic pollutants

Commercial and industrial waste materials, primarily with mineralised pollutants

Sludge and slurry from commercial and communal waste water processing plants.

”  Particularly surveillance subject waste and hazardous waste
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1.4.

1.5.

Environmental protection

BENREG Universal Plants” for processing waste materials and heat and power generation fulfil the
general requirements for the integral avoidance and reduction of environmental pollution such as those
targeted in the German TA Luft 2002 technical guidelines for air quality.

Processes and technologies are employed with a view to maximum yield with minimal environmental
emissions.

The basic concept of the plant employs optimised life-cycle processes which in the first stage of gasi-
fication result in exceptionally high-quality raw gases. Through the careful separation and extraction
of specific raw materials for re-use and energy production, only a small remainder of pollutants (air,
soil, water contaminators) are output from the system. A highly-efficient patented gas-cleaning system
is instrumental in separating remaining gas-borne materials for further use.

Existing landfill sites or out-of-service landfill sites can be reduced and downsized through the appli-
cation of BENREG Universal Plants”. The downsizing of landfill sites is an area of particular interest
to private operators. The generation of energy in the form of heat and power from energy-rich waste
materials offers both ecological (restoration of natural environment) as well as economic advantages
(proceeds from energy generation and waste disposal).

In addition to normal household waste the BENREG Universal Plants® can be used to dispose of con-
taminated waste. For the gasification plant to operate without additional energy requirement, contami-
nated waste should be mixed with sufficient levels of energy-rich waste material.

Gaseous (exhaust) and liquid (waste water) emissions from the BENREG Universal Plant™ are treated
by integrated exhaust gas cleaning and waste water treatment modules so that they are safe for normal
reintroduction into the natural environment.

Waste water is typically treated to process-water quality, but can optionally be treated to drinking wa-
ter quality if required.

The gasification process also produces a slag which is inert and once cooled can be used as building
material or as ore-substitute in smelting works for extraction of metallic contents.

Existing industrial facilities can also be retrofitted with BENREG technology as a means of treating
exhaust gases, airborne emissions, flue gases or industrial waste water.
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2.

2.1,

2.2.

Existing situation. proposed solution and project requirements

Existing situation and proposed solution

The town of Colombo plans on Sri Lanka the construction and operation of a waste processing plant
capable of processing 700 t/d waste materials from communal and commercial refuse collection.

As a result of the growing difficulty of finding appropriate refuse disposal sites as well as the high set-
tlement density and tourism value of the surroundings, a plant technology which is capable of process-
ing as much of the waste as possible is preferred so that as little waste as possible needs to disposed of
in landfill or dump sites.

To preserve the long-term tourism value of the region, no appreciable levels of contaminants should be
allowed to pollute the environment i.e. the air, ground water or soil.

The use of decentralised plant technology should help reduce the noise and traffic levels in the plant's
catchments area to as low a level as possible.

The consistent use of high-temperature technology, both for thermal decomposition as well as for ther-
mal drying processes, should ensure that the surrounding areas are not subject to odorous gaseous
emissions.

The modular, capsularised construction principle of the plant components and appropriate closed con-
tainers should ensure that noise emissions in the surroundings of the new plant are kept to a minimum.

In addition, it is to be expected that waste quantity levels will increase in future meaning that new
plants must be conceived so that they can be expanded as necessary to cover a future minimum capac-
ity of 900 t/d.

On-site requirements / infrastructure / input and output for BENREG Universal Plants®

The following supporting infrastructure is necessary for the operation of a BENREG Universal Plant®
and must be provided on-site by the client (typically the operator) at their own cost:

7 Plant site: A site must be provided with a minimal footprint area of 200m x 150m. The free height
requirement for the erection and building construction for the plant is min. 24.0 m for buildings and
up to 30.0 m for chimneys and flues. The site requires a structurally sound foundation built to sus-
tain the load of the plant and associated technology.

" Transport infrastructure connections to the public road network and free access routes for 40-ton
trucks (heavy-weight low-loaders) must be provided to the site before on-site construction can be-
gin.

” The plot should be connected to the water supply network. Process water quality is sufficient and
piping should be min DN80 diameter. Water pressure levels should be min. 6.0 bar.

” All waste water will be output to the public waste water sewers. The connection to the public sew-
erage network should occur at the lowest point of the plot and must be provided in advance of con-
struction.

" Electrical power output/input is via a high-voltage transformer station with separate metering for
power consumption and power supply. Electrical power distribution from the transformer requires
a voltage level of 3x400/50 V/Hz. The usable power supply is 15 MWe; the max power supply re-
turn is 45 MWe. The construction of the transformer station and all electrical connections from/to
the transformer station must be provided on-site in advance of plant construction and must fulfil lo-
cal electricity board regulations.
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2.3.

2.4,

2.5.

Technical requirements for the plant

The fulfilment of the following technical requirements is a prerequisite for the viable commercial op-
eration of such plants.

Minimum waste processing capacity of 720 t/d, or 216,000 t/a

Minimum operation period between maintenance cycles of 1,800 operational hours
Minimum annual operation period of 300 working days per year (7,200 h/a)
Minimum amortisation and life-cycle period of the plant: 10 years

In order that these technical requirements can be fulfilled and exceeded, the plant must be provided
with a constant flow of defined and appropriate feedstock.

Fuel input requirements for the plant

Waste material suitable for raw material production and generation of energy come primarily from
commercial waste material and communal refuse collection.

Certain waste materials are not suitable for use in BENREG Universal Plants®, including the following
materials:

Military and explosive waste how blasting agents, ammunition and - relics, shells, mines, etc.
Hospital and abattoir waste with special hygienic requirements
” Radioactive or heavily contaminated chemical waste material and slurry.

For all following technical information and calculations, the following fuel norms and characteristics
have been assumed:

Input values for 7,200 h/a full capacity

0 Waste material processing capacity < 216,000 t/a

0 Specific waste volume > 200 kg/m’

0 Maximal waste volume < 1,080,000 m°/a

0 Net calorific value Hu > 10,000 kJ/kg

0 Energy potential > 600,000 MWh/a

Permissible fuel (waste material) composition

00 Moisture content < 50.0 %-weight

00 Carbonaceous (organic) content > 45.0 %-weight

0 Contaminant and ash content < 50 %-weight

Permissible pollutant levels in waste material

o ChlorineCl < 25,000.0mg/kgTS

o Fluorine F < 2,500.0 mg/kgTS
o Sulphur S < 25,000.0 mg/kgTS
o Mercury Hg < 2.5 mg/kgTS

Exhaust gas emission level requirements for the plant

For reasons of air cleanliness and hygiene, the following max emission target levels for exhaust gases
from such a plant must be fulfilled (German gas emission level limitations):

Total dust dust < 10.00 mg/Nm’
Total carbons (as sum of organic compounds) C < 10.00 mg/Nm’
Hydrogen Chloride HCI < 10.00 mg/Nm’
Hydrogen Fluoride HF < 1.00 mg/Nm’
Sulphur dioxide SOx < 50.00 mg/Nm’
Nitrogen Oxide NOXx < 200.00 mg/Nm’
Mercury Hg < 0.03 mg/Nm’
Carbon monoxide (6{0) < 50.00 mg/Nm’
Total dioxins and furans PCDD/F < 0.10 ngTE/Nm’
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2.6.

2.7.

2.8.

2.9.

2.10.

Ash and slag requirements

The resulting ash and slag should be practically fully inert (ignition loss << 1.0%). Heavy metals
should be bound chemically within the slag. The statutory prescribed leach ate levels for the respective
disposal class levels (TVA) must be adhered to.

Depending upon heavy metal content (which in turn depends upon the contamination levels of the fuel
used) the slag can be deposited in surface landfill sites, mineral landfill sites or in extreme cases in rest
material waste dumps. Slag should be disposed of within local boundaries. Future direct means of use
of the slag are currently under investigation as the raw material content of the slag is comparable to
that of natural ores.

Plant wash

=

ater waste reguirements

To ensure water hygiene levels, the general waste water regulations and directives are to be adhered to
for all condensate and wash water from the gas-cleaning and waste water treatment modules of such
plants.

In addition the specific threshold levels for waste water discharge into the sewerage network must be
ascertained from the local waste water authorities and adhered to.

Further waste products from the plant

Due to the relatively straightforward nature of the plant and technologies employed, further waste
products are not expected. In particular, as a result of the multiple treatments of vapours and steams
with temperatures in excess of 1000, C, no odorous emissions are to be expected.

As the plant size is relatively compact and operates practically noise-free, an appreciable level of noise
emission is not to be expected.

The noisiest components of the plant are the freestanding shredder modules. The noise emissions from
such shredders do not, however, exceed typical noise levels in commercial or industrial environments.

If such a plant is to be located within a residential area, such shredder modules should be housed
within appropriate buildings/constructions so as to reduce noise emission levels to below the statutory
levels allowed in such areas.

Traffic and transport to and from the plant

The concept of a decentralised waste processing system aims to process waste as near as possible to
where the waste material originates, i.e. to avoid the need for economically intensive transport logis-
tics and traffic load.

This leads to a substantial reduction in traffic and transport emissions as waste material is processed
that originates from the immediate vicinity of the plant.
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3. The BENREG-Universal Plant=System

3.1. Function and components of the BENREG-Universal Plant”
The following section details the six main components of the BENREG system, their function and
combination in the BENREG-Universal Plant®.

The following hexagon diagram illustrates the material flow and mass balance for the processing and
treatment of waste material input.

Plant output:
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The proposed BENREG Universal Plant consists of the following treatment " lines——
Plant area Plant components Cap- Unit No. of | Opera-
acity lines per | tion
unit period
h/d
Solids Organic Line (C-Line) 720 | t/id 6 24
Mineral Line (I-Line) 60 | t/d 3 24
Metallic Line (M-Line) 12| t/d 1 12
Liquids Sludge Line (S-Line) 24 | tid 1 24
Water Line (W-Line) 360 | m’/d 1 24
Energy Energy Line (E-Line) 360 | t/h 6 24
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3.1.1. Function and components of the Organic Line (C-Line)

The organic line covers the treatment and processing of solid waste material. Non-combustible con-
tents within the waste material are first filtered out and passed on to the mineral line for processing

and re-use.

The remaining combustible material is dried, compacted, stored temporarily and then passed on to the

energy line for thermal processing or the generation of energy.

Organically contaminated condensed vapours from the drying process are passed on to the final treat-

ment phase of the water line.
The total necessary heat and power requirement is provided in full by the energy line!

The following hexagon diagram illustrates the material flow and mass balance for the treatment of in-

put waste material in the organic line of the BENREG-Universal Plant”:

Plant input:
Solid waste
max. 720 t/d
Organic returns Organic
from F-Line fuels
& I-Line to E-Line
max. 12 t/d max. 420 t/d
Fe-metals & Condensed
NE-metals (coarse) (C-Line) v vapours from
to F-Line - AT drying process
max. 1 t/d to W-Line
max. 252 t/d
Mineral &
NE-metals (fine)
to I-Line max.
60 t/d
The proposed organic treatment line consists of the following components:
Plant area Plant component Cap- Unit No. of | Opera-
acity lines per | tion
unit period
h/d
Waste input Input weighing 50.0 t 3 12
Output weighing 50.0 t 3 12
Daily bunkering Input / pre-crushing 50.0 t/h 3 12
Fe-metal separation 250.0 m’/h 3 12
Manual separation / sorting 250.0 m/h 3 12
Wind separation 250.0 | m’/h 3 12
Daily bunkering 9,000.0 m’ 1 24
Weekly bunkering Post-crushing 50.0 t/h 2 24
Fe-metal separation 250.0 m’/h 2 24
Sieving 250.0 | m’/h 2 24
Hot air drying 250.0 | m°/h 2 24
Pelletisation 250.0 | m°/h 2 24
Weekly bunkering 9,000.0 m’ 1 24
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3.1.2. Function and components of the Energy Line (E-Line)

The energy line processes pre-conditioned waste material contents using a high-temperature gasifier at
a temperature of over 1,600 ,C to produce a low calorific synthesis gas. The mineral and metallic ash
content of the waste material is melted to form an inert glazed slag.

The energy-rich generator gas is cleaned and can then be used either directly as gaseous material e.g.
distributed through a gas pipeline network, or for its energy potential, which can almost totally be
converted using a combined heat and power plant.

The glazed slag resulting from the high-temperature process is passed on to the mineral line for further
material processing/utilisation.

Organically contaminated acidic waste water from the wet gas-cleaning process is passed on to the wa-
ter line for treatment.

The total necessary heat and power requirement is provided by the energy line itself!

The following hexagon diagram illustrates the material flow and mass balance for the treatment of in-
put waste material in the energy line of the BENREG-Universal Plant™:

Plant output:

Generator gas, clean
max. 1,045 t/d

Wash water from

Plant input: | |
- gas-cleansing
"’T”T for_ from/to W-Line
gasification max. 75 t/d
max. 642 t/d
Organic (o | i Dried
fuel from , I-ENERGY i slurry
C-Line b from S-Line
max. 420 t/d max. 4 t/d
Glazed
slag
to I-Line
max. 21 t/d

The proposed energy treatment line consists of the following components:

Plant area Plant component Cap- Unit No. of | Opera-
acity lines per | tion

unit period

h/d
Fuel charging Input bunker 60.0 m’ 8 24
Input and feed system 250 m’/h 8 24
High-temperature BASURA-multiwaste-gasifier 2.5 t/h 8 24
gasification plant Wet settlement slag 0.5 t/h 8 24
Gas cleansing Gas-cleansing / Foam wash 6,000.0 | Nm3/h 8 24
Gas compression and piping 6,000.0 | Nm3/h 8 24
Combined heat and HT combustion chamber 48,000. | Nm3/h 1 24
power installation 0

Gas engine or CHP caterpillar 1,250 kWe 16 24
Heat extraction 140/110 ,C 2,500 kWt 16 24
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3.1.3. Function and components of the Mineral Line (I-Ling)

The mineral line is responsible for washing out the metallic components and rest organic material from
the waste material. Coarse organic material is fed back into the organic line for preparation as fuel.

Fine organic material in the filter slurry is fed together with the slurry into the sludge line.

Remaining mineral components in the fuel can be returned to the material life-cycle as raw material
for re-utilisation (e.g. as aggregate for road-building, gravel, recycling-concrete etc.).

The total necessary heat and power requirement is provided in full by the energy line!

The following hexagon diagram illustrates the material flow and mass balance for the treatment of in-
put waste material in the mineral line of the BENREG-Universal Plant®:

Mineral, Ne-metals
(fine) & slag from
C-Line & E-Line

max. 81 t/d
Floating Organic
organic material filter slurry
to C-Line to S-Line
max. 12 t/d max. 4 t/d
Wash water from Fe-metals &
water separation NE-metals (fine)
from/to W-Line to F-Line
max. 24 t/d max. 1 t/d
Plant output:
Settled mineral
material
max. 64 t/d
The proposed mineral treatment line consists of the following components:
Plant area Plant component Cap- Unit No. of | Opera-
acity lines per | tion
unit period
h/d
Daily bunkering Input / pre-crushing 50.0 t/h 1 12
Fe-metal separation 250.0 | m’/h 1 12
Manual separation / sorting 250.0 m’/h 1 12
Daily bunkering 1,000.0 m’ 1 24
Weekly bunkering Post-crushing 50.0 t/h 1 24
Fe-metal separation 250.0 | m’/h 1 24
Water separation 250.0 | m’/h 1 24
Sieving 250.0 | m’/h 1 24
Weekly Bunkering 4,000.0 m’ 1 24
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3.1.4. Function and components of the Metallic Line (M-Ling)

In the metallic line, the filtered/sorted out metals are separated from any remaining adhering organic
or mineral deposits. The metals are then sorted according to type and can be re-introduced into the ma-
terial life-cycle directly as raw material for re-utilisation.

Separated organic and mineral material is processed in the respective lines as described above.
The total necessary heat and power requirement is provided in full by the energy line!

The following hexagon diagram illustrates the material flow and mass balance for the treatment of in-
put waste material in the metallic line of the BENREG-Universal Plant”:

Fe-metals &
NE-metals (coarse)
from C-Line

max. 1 t/d

Fe-metals &
NE-metals (fine)
from I-Line
max. 1 t/d

METALLIC
(F-Line)

Sorted organic

material
to C-Line
max. 1 t/d
Plant output:
Fe-metals &
NE-metals
max. 1 t/d
The proposed metallic treatment line consists of the following components:
Plant area Plant component Cap- Unit No. of | Opera-
acity lines per | tion
unit period
h/d
Metal sorting and Manual separation / sorting 1.0 t/h 1 12
bunkering Bunkering 100.0 m’ 1 12
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3.1.5. Function and components of the Sludge Line (S-Line)

All filter sludge from preceding wet cleansing and filtering processes are collected in the sludge line
and then dried using the PolyCone high-temperature drying process so that the resulting dried matter
can be fed into the energy line as additional fuel for thermal processing.

Organically contaminated condensed vapours from the high-temperature drying process are then fed to t
water line for treatment.

The total necessary heat and power requirement is provided in full by the energy line!

The following hexagon diagram illustrates the material flow and mass balance for the treatment of in-
put waste material in the sludge line of the BENREG-Universal Plant™:

Plant input:
Slurry > 25%TS
max. 0 t/d
Dried
slurry
to E-Line
max. 4 t/d
Organic SLUDGE Condensed
filter slurry (S-Line) vapour from
from I-Line drying process
max. 4 t/d to W-Line
max. 12 t/d

Organic
filter slurry
from W-Line

max. 12 t/d
The proposed sludge treatment line consists of the following components:

Plant area Plant component Cap- Unit No. of | Opera-

acity lines per | tion
unit period

h/d

Daily bunkering Input / liquid bunkering 120.0 m’ 1 24

Mechanical drainage 60| m'/h 2 24

Daily bunkering 60.0 m’ 1 24

Weekly bunkering High-temperature drying 2.5 t/h 2 24

Pelletisation 1.0 t/h 2 24

Weekly bunkering 600.0 m’ 1 24
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