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The development of the Fast Pyrolysis Technology represents a super-efficient and economic
process for the conversion of multiple carbonaceous materials for the formation of gaseous and
liquid products rich in hydrocarbons. The process consists of heating
the selected feedstock in inert vacuum (54kPa) conditions and
quenching the resulting vapours into oil. Applications such as gas
fired boilers, gas or dual fuel engines, steam & gas turbines.
This fast pyrolysis reactor is design-engineered as an emission-free
continuous automatic process capable of generating up to 6megawatt electrical output, relative to feedstock type & specified
prime mover application. Note, Fast Pyrolysis is NOT Gasification.
Modular & scalable solutions available from 250kW to 110MW
thermal energy. Our pyrolysis units are design engineered to produce high
BTU gas & oil. The photo on the left is our raw tyre pyrolysis oil (Specific
Gravity of 0.87) burning with a clean flame (smoke-free) prior to any
additional distillation upgrading. The photo on the right is
a sample of our tyre oil after distillation which further
reduces SG & emissions for engine applications. Based on
tyres as feedstocks, 1038 BTU's (HHV) per cubic foot of
gas & 140,000 BTU's per US gallon of oil are routinely
produced. The reactor is simple to operate, easy to start,
shut down & maintain.
When focused exclusively on oil production, this unique fuel processor is of
particular interest due to the ease of transportation and storage of the energy dense fuel. Highest
Advanced Conversion Technology available: 93.64% Net Efficiency of End-of-Life tyres to gaseous
fuels with a maximum conversion of tyres to 70wt% pyrolysis oil with our integrated gas-to-oil
condenser/flash cooler. Our own Algorithm allows us to switch feedstocks at the push of a button.
Uniquely, if gaseous fuels are preferred, our Pyrolysis
Gas has been passed for GE Jenbacher Gas engine
generator sets operating at @ 44.3% electrical efficiency
(7710Btu/kWh). By converting the exhaust gases to 10
barg saturated steam we can achieve a new electrical
efficiency of 47% (7,250Btu/kWh) based on our reactor
operating with 1.64 tons (3,600lb/Hr) per hour of End-ofLife tyres. GE Jenbacher gas engine will output 12megawatt electrical power based on 50% pyrolysis gas (from 1.64 ton of tyre throughput per hour)
& 50% mains gas injection (efficiency based on fuel gas LHV
9.5kWh/Nm3). The Energy Input (gas) will be approx. 27,616kW
with gas volume at 6136 Nm3/Hr: with integrated HRSG,
4,908kg/Hr @ 10 barg saturated steam is produced. The pyrolysis
gas methane number based on RDF or coal is sufficient for 100%
powering of above GE units.
Our gas is so clean that the gas flare can only be seen at night.
During daylight hours only the heat signature can be seen. Furthermore, Independent laboratory
analysis of the gas found no tars or fines present during gas engine applications.

Additionally, our Dual Fuel kit for engine conversion uses two fuels
(gas & oil) at the same time. A simple PLC controlled device that
can be installed on any 4-stroke turbocharged diesel or heavy fuel
engine, allowing the introduction of various gases to replace the
existing liquid fuel (over 30,000 hours of
successful, problem-free operation on
7.8MW & 9MW HFO Wartsila units;
improving their efficiency by 59.4% based
on maximum 71% gas injection). Roots
blown engines are possible but require an additional blower. Power
generation can be as large as required for producing electricity to the grid
or for smaller CHP projects. The installation of our dual fuel gas conversion
system normally takes less than one day per engine (up to 9,000kW). We
developed this gas conversion kit following testing of many other
commercial systems at the 110MW power plant because other gas
conversion kits did not perform as well as manufacturers claimed (gas fumigation process).
All our technologies are developed on the principle that in order to be implemented, it must be an
economically feasible addition to the current infra-structure. Our group have been involved in the
planning, engineering and construction of power plants for the past 40 years. In every case, we
have supplied new technology that allows the owners of these plants to realise a high profit
margin far beyond their original financial models. Our pyrolysis & distillation schematic process
outlined below represents the thermochemical conversion of plastics-to-oil.

Within the Pyrolysis Reactor's unique sealed activation system carbonaceous material is never in
direct contact with any flame (indirect heating). This minimises oxidation reactions and the
formation of carbon dioxide and carbon monoxide
compared to other Advanced Conversion Technologies.
Indirect heating also decreases adverse chemical
reactions whilst reducing the necessity of much higher
temperature boiling requirements for an organic
material thermochemical conversion into its volatile
gaseous stream. Low residence times (1-2 seconds) also
limit
secondary
reactions
if
the
objective is to gain maximum oil production. The
pyrolysis oil preserves well throughout winter
periods and has an excellent potential as a costeffective energy carrier for Peak Power Plants.
There are no
other external atmospheric emissions, no airborne pollutants
and no waste water nor other emissions. Equally, it does not
have slagging or fouling corrosion which could negatively
affected the performance of the system. It operates within
an adjustable temperature range and any toxic matter is
thermally decomposed into harmless compounds. Pyrolysis
is a thermochemical process for the thermal degradation of
any carbon-based materials in the absence of any additional
oxygenation reagent or it can be considered as a destructive distillation process.

Test Report: Tyre Pyrolysis Oil (TPO)
The photo on the right is a flame test which clearly demonstrates the smoke-free quality of our
tyre pyrolysis oil (TPO before distillation). This is the pyrolysis oil
directly from our reactor vessel and flash cooling & condenser
tanks using an additional proprietary process without any further
distillation required. Our tire oil analysis by Intertek below is
exceptional by comparison to other tire pyrolysis technologies.
Our advanced Gas-to-Liquid skid condenses the nascent pyrolytic
gaseous vapours from the reactor vessel within a 2 second time
interval.
The additional refining process improves the oils cetane number &
calorific value (N.B. the report below is an analysis of our standard
crude pyrolysis oil prior to any additional fractional distillation).
The gas HHV is high at 1,089 BTU/ft3 (British Thermal Units per
cubic foot) due to propane & other gases (See our pyrolysis Mass
Balance Gas test data in separate PDF).
Our distillation
technology converts the pyrolysis oil to different fractional cuts: diesel, kerosene & petrol.

The photo on the right is one sample result of our coal-to-oil emission-free process. When
converting coal in order to maximise pyrolysis gas production, its
possible to achieve 6MW electrical output from two (2) tonnes per
hour of coal feedstock based on operating two (2) GE Jenbacher
Gas engines (2 x 3MWel output). Otherwise, both gas & oil can be
used in our engines converted to dual fuel operation.
Historical facts show that as early as 1845, coal was converted by
pyrolysis through heating to 800 Degrees Fahrenheit in order to
produce kerosene via distillation of the coal pyrolytic vapours/oil.
This original conversion process was developed by a Canadian physicist and geologist named
Abraham Pineo Genser (born 2 nd May 1792). What is generally unknown is that this was an
efficient alternative to whale oil and contributed to saving the whale population. Unknown to
Gesner, however, a Scottish chemist working in 1848 had distilled boghead coal to produce a light
oil that when purified, made and excellent lamp fuel. The Scottish inventor patented this process
and hence Gesner's Kerosene Company was eventually
forced to pay a royalty to the Scottish chemist in order
to continue manufacturing kerosene.
The Fast Pyrolysis burner is a Super Low Emissions
System, achieving the lowest NOx emission levels (5 to
9 PPM) and CO emissions of (20 to 50 PPM) in the world
with the highest operating efficiency. These very low
emission levels are achieved while operating the
burners at oxygen levels of 3.0% or lower maintaining
the highest pyrolysis reactor efficiency in the world.
The burners only require 22% flue gas recirculation to achieve the low emissions of below 9 PPM
NOx. Our burners can operate with dual fuels using either light oil, heavy oil or propane while

meeting these low emission standards. The burners will operate with non-standard fuels such as
land fill gas, digester gas, and pyro-gases produced from “pyrolytic gasification” process.
The results from the stack tests completed in both 2013 and August 2015 reaffirm other findings
that the operation of our vacuum pyrolysis technology is a clean “green” process. Moreover, the
most recent stack tests from August 2015 were performed on the existing commercial processor
with a pre-melt system and produced results showing emissions decreased with increasing plastic
feed rates; further validating that the total process is highly green, clean and scalable.
The emissions documented by the specialists from the stack tests were lower than what would
have been produced by the same test on a natural gas furnace of similar size. The profile of the
emissions generated by the process during the second test is extracted here:
SO2 – 0.02ppm; CO – 3.1ppm; Particulate – 0.002 lbs/hr; NOX – 15.1ppm; TNMHC – 3.92ppm &
15.97% Oxygen.
The stack tests were run in conjunction with seeking permitting to run heat transfer fluids (HTF)
which act as plastic densifiers and heat exchange agents, with plastic feedstocks. The results of the
2015 stack tests further validated the process and confirmed that our pyrolysis process emits
approximately the same emissions of a natural gas furnace of the same size. The process puts a
high percentage of oxygen back into the air, with minimal harmful emissions, well within the
regulatory criteria established by the U.S. EPA.
The photo on the right is gas data based on biomass feedstocks within our reactor. Almost a
decade ago, the first vacuum pyrolysis technology successfully
operated a 2.5-megawatt gas turbine (Orenda GT 2500 gas
turbine) with pyrolysis oil (biomass converted to Bio-Oil within
the vacuum reactor) for approximately 2,000 hours operation
and was the first of its kind in the world to be powered by BioOil.
Pyrolysis vapours are basically tiny aerosols, noncondensable gases, and condensable vapours. Short vapour
residence times prevent secondary reactions, recondensation,
repolymerisation
and
thermal cracking when the objective is the optimisation of
pyrolytic oils. Lower vacuum temperature favour maximum
oil production.
The photo of the flame on the left represents Bio-Oil
combustion within a fire tube boiler. The oil atomisation is
excellent, clearly demonstrating a reliable hot red flame.

The main advantage of our vacuum fast pyrolysis process over gasification is the increase in the
yield and quality of the liquid fraction, higher gross calorific value gas and a much superior BET
carbon black surface area (physical adsorption of gas molecules on a solid surface). The boiling
point of substances is also less than what they would be at atmospheric pressure.
This fast pyrolysis vacuum (54kPa) process, in low temperature mode, is characterised by fast
heating rates and short vapour residence times of between one and two seconds under vacuum
conditions. This time frame include the cooling of the vapour and aerosol products to collect them
as pyrolytic oil. For instance, if the reaction products are formed in the reactor within the first
second, within the next second they should be rapidly cooled to condense and recover as much
vapours and aerosols as possible. As with the “optimal” reaction temperature for fast pyrolysis,
the 2 second vapour residence time is currently a well-accepted and documented operating
condition. Longer residence times allow for secondary reactions to occur which form either
additional gases or char. As the fast pyrolysis process occurs in a few seconds or less, heat transfer
and mass transfer effects as well as reaction kinetics are all important phenomenon.

Our Fast Pyrolysis Process Operational Description
•

Material that has been properly sized is loaded into bucket elevator on the exterior of silos,
this is normally accomplished by bobcat or front end loader

•

Operator determines which silo material is to be loaded by pulling a ground level cable
assembly to a gate system mounted at the top of the silos

•

When silo is full, operator switches ground level cable to other silos and continues the
loading process

•

When the operator pushes the system “Start” pushbutton the following sequence of events
occur:

•

Burner begins start up sequence (+/- 3 minutes)

•

Vacuum blowers start – removing any air in reactor augers

•

Reactor augers begin slow turn

•

Burner ignites on liquid fuel

•

System waits for reactor temperature to achieve the programmed input value for the
feedstock selected

Once temperature is reached:
•

Pneumatic valve on bottom of silo opens

•

Inclined auger starts and transfers material to reactor airlock

•

Reactor airlocks in and out begin to turn

•

Reactor auger goes to programmed speed for selected material

•

Material enters top airlock

•

Material begins to transverse top auger, pyrolysis zone one.

•

Material is reduced in size by 60% of mass

•

Material drops through gravity pipe to reactor auger 2 – pyrolysis zone 2

•

Material reduces in size an additional 20-35% based upon type of material

•

At the end of reactor auger 2, material exits pyrolysis zone 2 through exit airlock

•

Once system identifies that sufficient gas is being produced, the burner switches from
liquid fuel to syngas. If at any point the system sees a drop in pressure or significant change
in BTU content, burner will switch back to liquid fuel until gas stabilizes

•

Gas being produced within the reactor auger exits the reactor in less than 2 seconds

•

Gas enters a cyclone filter to remove and large particulates from the reactor

•

The gas then enters the flash cooling tank where the condensable gases are converted to
oil

•

The remaining non-condensable gases exit the flash cooling tank and enter the water
bubbler tank to clean the gas and remove any remaining particulates, this tank cools the
gas to ambient temperature

•

Dependent on the application, the gas exits tank 2 into a filter system with catalyst,
removing any unwanted impurities such as sulfur or CO2. (Please note this is an option and
not included with standard system)

•

At this point the gas passes through the vacuum blowers and exits into the pipeline

•

A small line gas line from the main pipeline sends a portion of this gas back to the burner
for gas operation. A pressure of 7 psi is the normal output of the system into the main gas
pipeline

Oil to Diesel Production
•

When the flash cooling tank reaches it full level, a transfer pump starts and send the oil to
the Oil to Diesel distillation process (OTD)

•

The waste oil distillation system can rapidly extract light fractions from the oil to remove
water and light distillates and to eventually produce high quality diesel fuel continuously.
The system removes unwanted waste such as metal impurities, base nitrogen and sulfur
components.

•

Very similar to the pyrolysis reactors, this system uses flash distillation, with ZERO
pollutants to the environment

•

Oil enters the system into the Pre-Treatment tank

•

Oil then enters the distillation column (which is heated by the heat chamber below)

•

This heating system can utilize gas from the reactor, or can be electrically operated.

•

From the distillation column it enters the condenser

•

From the condenser into the reaction still

•

From the RS to the purification tank

•

Diesel is then pumped to storage tank

•

It should be noted that the system uses an inexpensive proprietary catalyst. 30 days supply
is included with each system

Gas output
Every system even when maximizing oil production will produce a significant amount of
non-condensable gas. This gas will have a high BTU value per cubic foot. As an example,
with coal, each reactor after producing the oil will still produce 500 cubic feet a minute of
gas at 900 BTU's per cubic foot.
Many things can be done with the gas, such as:
•

Gas electric generators (Gas engine coupled to electric generator) GE Jenbacher or
Cummings gas units are recommended.

•

Dual fuel diesel engine, with the our dual Fuel kit added to any turbocharged, 4stroke diesel engines, large amounts of electrical energy can be produced.

•

Gas fired boiler – to produce steam for heating or steam turbines.

•

Gas can be compressed for other uses.

•

The gas can be flared at start up but is not to be released into the atmosphere without
being ignited.

This Fast Pyrolysis reactor system may be supplied with an
electric room, as well as buildings designed for reactors and
gas cleaning skid, on-line gas monitors, bucket elevators,
material silos and conveyors with optional 2-year system
warranty. Silo can hold up to 84,000lb of carbonaceous
feedstock for automatic feeding. The pyrolytic process reactor
includes steel foundations, PLC Controller with touch screen,
optional SCADA Computer with software for remote control of
system, gas train assembly (consisting of manual and electric
shut-off valves and safety valves), cyclone particle separators, reactor section temperatures,
reactor vacuum level, gas in and out temperature, gas out pressure, gas flow volume, gas scrubber
systems and cooling tanks. Other additional items are available including, ultrasonic emulsification
system, air compressors, On-Line Gas Monitors, Electric room ~ 480/380 volt distribution, Control
room with HMI and SCADA systems, Bucket elevators, Buildings 200 x 60ft, designed for reactors,
Pellet Machines, MSW Sorting equipment. The reactor Sub-system includes regenerative blowers
and rotary airlocks and cyclones which have operated successfully for many years. The gas
cleaning skid is manufactured from high quality stainless steel, guaranteeing a long life cycle.

The Super-Insulated Fast Pyrolysis Vacuum (54kPa) Reactor
Technology is so thermally efficient that the external reactor
vessel can be easily touched (see photo on right) without
injury whilst fully operational in high temperature mode.
Advantageously operates at three distinct temperature
ranges:
•Low temperature pyrolysis (reaction vessel
temperatures from 850-1,000F)
•Medium temperature pyrolysis (reaction
vessel internal temps from 1,000F and up to
1,200F)
•High-temperature pyrolysis (reaction vessel
internal temperatures from 1,200F to 1,600F).
Unlike standard gasification and conventional pyrolysis systems, its engineering parameters are not
designed or limited around the input feedstock. Therefore, it operates smoothly and successfully
with unique flexibility, guaranteeing a capacity to switch to any carbon-based material desired by
the client. Gas values are at a minimum of double the value of air-driven gasification system on
the market. Pyrolysis and gasification technologies have longer lifetimes and lower maintenance
costs compared to other biomass conversion appliances. Pyrolysis gas can also be stored with no
effect on the chemical composition under temperature range of minus 15 to 45 degrees Celsius
and pressure up to 82 bar. The heating value of pyrolysis gas for different material input is relative
to the varied composition of the gas species and designated reactor temperature.

Overview of All Key Features
•

Fast Pyrolysis Airless Reactors are Zero Emissions Advanced Thermal Conversion
Technologies based on a proven reactor vessel.

•

Designed by a world-renowned power-plant scientist (improved efficiency of HFO Wartsila
18V32, 7.8MW & 9MW Engines by 59.4%). Wartsila considered to be the most efficiency
engine in the world (outstanding reputation).

•

In excess of 30,000 hours of problem-free run-time in the field. Reactor vessel is very
compact in size for a maximum output of 48 ton per day (note, this is based on coal). The
reactor length (9.14 meters), height (2.83 meters) & width (1.82 meters).

•

Low-maintenance (as little as 8 hours every 3 months), modular units with small footprint
(when compared with like-for-like systems). Continuous process of up to a maximum

feedstock (coal) conversion of 17,000 ton per annum.
•

High or low temperature modes for converting any carbon-based material to very high
volumes of either gaseous or liquid fuels. Note, its never necessary to operate this vacuum
pyrolysis technology above 1,600F due to lower boiling points under sub-atmospheric
conditions within the retort chambers.

•

Carbonaceous materials such as waste oils, plastics, End-of-Life tyres and coal can be
converted to a “drop-in” substitute for petroleum-based fuels.

•

Crude pyrolysis oils is upgraded to our Distillate Fuel Oil: synthetic diesel, kerosene, petrol
& heating oils.

•

Up to 36,000 litres of pyrolytic oil per day (feedstock dependent, with plastics-to-oil at 900
litres of oil per ton of plastic) generated through our gas-to-liquid fuel process.

•

Fast pyrolysis processes biofuels from biogenic materials into an energy-dense liquid
hydrocarbon or Bio-Oil. This Bio-Oil can be emulsified with diesel for genset operation.

•

Operates with any prime mover (engines, turbines, Organic Rankine Cycle machines) for
power generation and switches between gaseous and liquid fuels at the push of a button.

•

Up to 57,000 cubic feet (1,615NM3) of pyrolysis gas (feedstock dependent) can be
produced per hour and the gaseous product is nitrogen-free with a range of 3501089BTU/ft3 (British Thermal Units/per cubic foot). Feedstock turn-down ratio from 4,400500 pounds per hour (again this flow rate depends on density of the input feedstock).

•

Gas produced is so clean (only its heat signature can be seen during daylight) that it is
approved by OEM's. Produces a methane-rich pyrolysis gas with proprietary catalyst and
add-on option for CO2-to-Methanol conversion.

Our technologies are specifically designed to operate with prime movers for utility power
generation. They can also function as a fuel processing plant for generating synthetic fuel oils and
higher grades of fuel oil by integrating our distillation technology. There are three main prime
movers that can operate seamlessly with our fast pyrolysis system:
1. For steam turbine/engine applications, liquid fuel oils are produced from any carbon-based
feedstock. This is advantageous for the thermal conversion of woody biomass, forest
residue, common agricultural feedstock or other waste biogenic materials. A renewable
energy power plant is essentially converted to a biorefinery in order to generate liquid and
gaseous fuels rich in hydrocarbons.
2. For turbo diesel engine application, our gas conversion
technology will convert to dual-fuel operation with our PLC
control device. HFO engine generators have been converted
to operate on up to 70% gas with zero engine derating (note
typical syngas/producer gas engines are derated by 50%).

Any 4-stroke diesel engine can be converted allowing the introduction of various gases to
replace the existing liquid fuel.
3. For gas engine or gas turbine applications: fitted with the most advanced gas cleaning skid
in the world. This guarantees safe and reliable performance year in, year out for gas engine
and turbine applications.

A vacuum signifies a pressure lower than atmospheric pressure. A vacuum pump is a compressor
that compresses a vacuum to a higher pressure, generally to
atmospheric pressure. The main advantage over pyrolysis
atmospheric operation is the increase in the yield and quality of
the liquid fraction, and a much superior BET carbon black surface
area (physical adsorption of gas molecules on a solid surface).
The boiling point of substances within the reactor will be less
than what they would be at atmospheric pressure. This process
has many advantages.
This fast vacuum pyrolysis process, in low temperature mode, is
characterised by fast heating rates and short vapour residence
times of between one and two seconds under vacuum
conditions. This time frame include the cooling of the vapour
and aerosol products to collect them as pyrolytic oil. For
instance, if the reaction products are formed in the reactor
within the first second, within the next second they should be rapidly cooled to condense and
recover as much vapours and aerosols as possible. As with the “optimal” reaction temperature for
fast pyrolysis, the 2 second vapour residence time is currently a well-accepted and documented
operating condition. Longer residence times allow for secondary
reactions to occur which form
either additional gases or char. As
the fast pyrolysis process occurs in
a few seconds or less, heat transfer
and mass transfer effects as well as
reaction kinetics are all important
phenomenon.
The photo on the left shows the
Specific Gravity (SG:0.87) of our
tyre pyrolysis oil as it exits our
vacuum reactor prior to any further distillation. I am not aware of
any other technology achieving this SG result for the raw tyre
pyrolysis oil.

Pyrolysis temperatures can be sub-divided into 'reactor' and 'reaction' temperatures. Sensible
heat is required to bring the feedstock from ambient conditions to the required reaction
temperature. The mode of heat transfer (conduction, convection or radiation) and efficiency of
the process is relative to the reactor design. The feedstock particle size requirement is dependent
on the specific reactor technology and smaller sizes will
dramatically improve heat transfer.
The reactor
temperature must be higher due to the heat transfer
characteristics within the internal retort vacuum
chamber,
although
our
pyrolysis
system
advantageously gives lower boiling points in this
section due to the sealed vacuum conditions and the
reactor vessel acts as an excellent heat sink.
The research group Power House Innovations and its
overseas contributors, along side local engineering
experience from Precision Diesel and marketing and
technical experience from Hevac, are proud to offer to the
market new technologies for clean, sustainable energy at,
either their industrial locations or as a community heating
and low cost power source from waste that would
normally go to landfill or other polluting disposal units.
Fast pyrolysis of any carbonbased feedtocks produces zero
adverse emissions and the
small quantities of carbon ash
produced are sterilised and
have many secondary uses. Please contact us to discuss the affordable
removal of modern day waste, low cost electrical power and
decreased greenhouse gas and carbon emissions.
From a cold start, the refractory-lined reactor vessel will reach a
temperature of up to 1,500
degrees Fahrenheit within
three minutes. There is up to
98% carbon conversion efficiency for feedstock input
relative to higher temperature reactor setting.
Three primary products are obtained from fast pyrolysis:
carbonaceous char residue, often termed carbon black (a
more appropriate term is 'black carbon' to differentiate it
from high quality commercial grades of carbon black or
activated carbon), permanent gases, aerosols and vapours
that at ambient temperature condense to a pyrolytic oil.
Material input to the reactor may be wet or dry, although
dry feedstock is preferable.

