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BIONIC pFUEL

ADDS A NEW DIMENSION TO STRATEGY
FOR WASTE AND BIOFUEL MANAGERS

CONVERTING WASTE & BIOMASS INTO FUEL FOR
DIRECT COMBUSTION AND TRANSPORTATION

Reliable, Safe and Profitable
All carbonaceous feedstock types
Direct, single step conversion
Hybrid process reactants:
zeolite catalyst & microwave
Hybrid energy application:
microwave & excess heat
Robust & scalable

Advanced process control
Unmatched product quality
Return on investment 2-5 years
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The mf480 core reactor
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Manufacturing and Assembly of the mf60 Prototype
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Feedstock Classes and their Process Flows

Energy Agriculture Organic

Crops Waste MSW Residential Commercial Spills  Tar Sand Oil Shale

Shredder Shredder Shredder Crusher/Grinder
Dryer Dryer
Mixer €— Mixer €— Additives
Pelletizer Pelletizer

pfuel rotary reactor

Modulated

Heat :
Microwaves

Distillation & Cleaning
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Overview

Fuel from waste and biomass — After
decades still an unresolved issue

» No technology is commercially ready
Waste Streams and Biomass have been
“discovered” as valuable energy sources
decades ago. However, managers in the
waste treatment and green fuel industries
alike are still out on a painstaking search for
conversion technologies that work.

The problems, however, remain unchanged
or even more pressing. So it is really time to
get going.

Picture 1 - New sources for fossil energy
imply increased cost and risk for lower

» Advancing climate change

The energy mix has to shift drastically
towards more sustainable sources to keep
greenhouse gas emissions bearable. This is
especially true for transportation fuels.

Version 2019/1 10/06/2015

> Depleting fossil ressources

Given the depleted fossil oil reserves the
development of alternative sources is
without option.

» Overboarding waste volumes

The proper treatment and reuse of the
overwhelming masses of waste materials
modern societies generate is a permanent
priority. Many methods need improvement.

The close links between those three pressing
issues and the way how they are handled
marks the threshold to a new sustainable
framework for generations to come.

While energy consumption in the developed
world is decreasing, that effect is more than
counter balanced by the growing demand for
energy in developing countries which are
just approaching a new lifestyle of individual
transport and high electricity use.

Picture 2 - Growth of demand for energy is
not going to ease anytime soon

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

Bionic pFuel — a breakthrough in feed-
stock flexibility and fuel quality

The pFuel process eliminates environmental,
technical and economic roadblocks on the
way forward to commercialization of 2nd
generation biofuels. For the first time a hy-
brid direct conversion technology driven by
microwave and catalysts is ready for global
deployment.

The use of microwave comes with numerous
first-time features for green fuel production
offering advantages that will become the
benchmark for future industry standards:

> Broad feedstock flexibility.

No other technology can treat such a wide
range of carbonaceous materials, from
organic and plastic waste, scrap tires and all
types of biomass to oil contaminated soils,
tar sands and oil shale.

> Efficient direct conversion.

Direct conversion has always been
recognized as the more challenging but
superior approach. It combines high energy
efficiency with the lowest equipment cost.

» Highly accurate process control.
Precise reaction control is the key to direct
conversion. Bionic’s hybrid process provides
direct and instant control over all critical
reaction parameters.
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> Robust, upgradable reactor design.

A continuous base reactor with a near
unlimited life time has been designed from
scratch to accommodate the Bionic
microwave systems. A strict separation of
mechanical and microwave assembly allows
any foreseeable upgrade to next generation
microwave systems at the time of scheduled
maintenance replacement.

> Meeting the latest fuel standards.
The hybrid technology enables an extra level
of selective molecular upgrading. This
integral function of the primary conversion
process completely avoids the highly
problematic quality issues of typical
pyrolysis products.

» Scalable, compact plant size.

Bionic’s standard plant design with a
capacity of 60-80 tons of dry feedstock per
day can be easily up- and down-scaled for
individual project requirements. Size is
determined by business parameters, not the
technology.

» Low cost per barrel of Bionic pCrude.
As per barrel prices of fossil crude seem to
settle above US$100, bionicfuel is extremely
cost competitive. For some scenarios less
than  US$50/bbl  all-in is  possible.
(see comparison table on next page)

Version 2019/1 10/06/2015

> Sustainable profits offer return on
investment within 3-5 years.

While exact numbers depend on dedicated

business cases for individual projects

exemplary calculations consistently show

that bionicfuel projects offer excellent

returns to investors at IRR levels above 30%.

The Bionic pFuel delivery system —
A lifetime partnership approach

Bionic’s standardized project approach ena-
bles fast and low risk implementations:

» Feasibility | - Conformity of Feedstock

During a technical feasibility phase a
thorough test and analysis program will be
run at a Bionic test facility. The client’s
feedstock and the resulting products will be
fully analyzed in cooperation with reputed
fuel labs.

» Feasibility Il - Detailed Business Plan
In a business feasibility phase experienced
Bionic consultants work with clients to
develop concise business plans based on the
technical data  determined initially.
Economic forecasts for plant operations are
very reliable after local market conditions
are explored thoroughly and integrated.

© 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

> Reliable Performance

A feasibility study executed according to the
Bionic guidelines will deliver technical and
economic data which then enters into a
project contract as Bionic approved plant
performance parameters.

» Phased Capacity Scale-up

The completely modular, scalable design of
bionicfuel technology allows phased project
plans, reducing risk and easing funding.

> High Plant Availability

Designed for minimal down time availability
can be expected above 90%. The modular,
robust design in combination with the
absence of any mechanical wear on the high
tech components drastically reduce any risk
of plant failure. Preventive maintenance,
redundancy in critical areas, electronic
sensory control and remote monitoring add
their part. Standardized components and
off-the-shelf parts help control cost.

» Full Maintenance at Fixed Terms

A full service maintenance contract including
parts and scheduled preventive replacement
components guarantees high availability and
full cost control.
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Bionic pFuel cost and profitability

Calculations are based on plants
built around a single mf480
reactor. Project ramp up is in 2
consecutive phases.

Feedstock: 31K - 38K tons/yr
Operating hours: 24/7

IRR: < 30-40% ROI: < 4 yrs

Includes all reasonable opera-
tion cost including overhead.
Feedstock cost/credits and
revenues from by-products are
taken into account.

production in million Itr

marketable oil in million Itr

in bbl

feedstock cost(+)/ gate fee(-)
revenues from byproducts (char, steel)
operating cost
capital cost (15yr amortization, interest)
production cost per Itr
eapiE s er e

total cost per Itr sold

revenue per Itr

profit per Itr

feedstock=scrap tire chips

feedstock=mixed/composite plastic

Bottom line gross profit margins
speak for themselves. The
numbers have been extracted
from full scale business plans
developed by BIONIC for indi-
vidual German clients.

2014 (phase 1) | 2015 (phase 2) 2014 (phase 1) | 2015 (phase 2)
10.9 18.2 9.3 14.3
9.6 16.0 7.3 11.3
60,360 100,600 46,014 70,790
797,243 1,421,441 -483,990 -558,450
-1,601,442 -2,802,524 -416,779 -692,494
1,783,198 3,036,632 2,111,151 3,036,632
865,203 960,996 1,110,444 1,378,545
0.102 0.104 0.165 0.15
0.090 0.060 0.152 122
[ 0192] 25w |« 0.164] 20% || 0.317| a2% |  0.281] 34%
0.764 | 100% 0.825¢ 100% 07764} 100% 0.825 ¢ 100%
0572} 75% s0% )| 0447] ssw || 0544 oc6%) |

conversion to US$/barrel for better comparision with fossil oil/products
Note the quality difference between fossile crude and bionicfuel = diesel

X-rate US$ per €:_1.3

Version 2019/1 10/06/2015
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A common indicator mostly
used in the industry to judge
and compare technologies.
1US$ is considered as a thresh-
old by many commentators.

€ US$ € US$ € Us$ € US$
production cost per gal (us) 039 050 | 039 (o051 06 "o081| o060 (078
capital cost per gal (us) 034 044 | 023 30 057 "075| 046 060
total cost per gal (us) 073 | 0.95 0.62 0.80 120 | 156 1.06 1.38
production cost per bbl 1622 21.09 16.46 21.39 2630 34.20 25.23 32.79
capital cost per bbl 1433 1863 | 9.55 2413 3137 | 19.47 2
total cost per bbl 30.55 39.72 | 26.01 (33.8 50.44 65.57 | 44.70 (581

© 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

The bottom line we really care
about: pFuel easily competes
with any advanced fossil
sources like deep sea, tar sand
or shale even on the crude
level, with a quality comparable
to refined fossil products.
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A Specialized bionicfuel Set Up for Contaminated
Sand/Soil, Tar Sands and Oil Shale Dry Sand OUT
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Water OUT
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mixed with oil and organics Oil Condensers
Input: up to 10 tons of soil, sand & stones per hour (24hrs/day) 18
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The Bionic pFuel development

—> In 2003 Bionic initiated the development
of the unique bionic pfuel technology.

Picture 3 - An early lab reactor with oil
treatment

Two depolymerization methods functioning
independently were combined into a novel,
hybrid conversion process capable of trans-
forming any carbonaceous feedstock materi-
al into liquid and solid fuel. Bionic merged
for the first time the direct conversion
methods Thermal Catalytic Depolymeriza-
tion (TCDP) and Microwave Pyrolysis (MP)
into a single hybrid process: Microwave De-
polymerization (MWDP). TCDP was known
for decades, but many hurdles impeded
commercial implementation. Adding micro-
waves to the process not only eliminated all
prior technical design issues, but added a
number of beneficial effects unique to mi-
crowave applied to chemical reactions.

Version 2019/1 10/06/2015

—> In 2007, after years of lab research, the
first continuous reactor design was ready for
testing.

Picture 4 - A pilot reactor opened up for inside
maintenance

At a pilot plant operating in 2008 and 2009
confirmed the superior concept of the pro-
cess and reactor design. Soon after the cur-
rent standardized design of the commercial
base reactor mf480 followed.

— In August 2013 the first prototype of a
technology demonstrator went online. The
mfé60d is a downscaled, very compact mobile
variant of the standard mf480 design which
is available for special applications and as a
fully functional continuous demonstrator
and test bed. This prototype marks the final
step to commercialization.

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

Picture 5 - The mf60d prototype

A highly effective zeolite catalyst works to-
gether with other process reactants and the
Bionic microwave technology. Bionic pFuel
plants are the most economic and efficient
way commercially available to date for the
production of clean liquid fuels from bio-
mass and waste materials. With minimal
petrochemical upgrading the liquid fuel
product can be used even in the latest diesel
engines year round.

No carrier oils or complicated pump and
heat transfer systems are required, which
were always been susceptible to failure.
Instead, a feedstock remaining completely
dry throughout the process allows a simple
and robust reactor design coupled with the
advanced microwave and control technology
developed by Bionic Laboratories.

11
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The conversion process is preceded by a
pretreatment stage greatly dependent on
the type of feedstock used. Most materials
must be dried to a humidity level of 10% and
shredded or ground, before they get mixed
with the process additives and are then
pressed into pellets.

The pellets are fed into the reactor for pro-
cessing. After preheating with excess heat
from the internal power generation they
enter the critical microwave radiation zone.
Under precise temperature control high va-
por pressure develops inside the pellets fa-
cilitating a first phase of chemical reactions
before the steam escapes from the pellets.

At surface temperatures around 300°C the
combined effects of pulsed microwave radi-
ation, activated carbon particles and zeolite

Picture 3 - Oil vapors emerging from the reactor
are subsequently condensed and cleaned in a
auencher unit

Version 2019/1 10/06/2015

catalyst sets in. The complex hydrocarbon
molecules are cracked, still inside the feed-
stock, into smaller, more volatile molecules
and vaporized. Most of the cracked hydro-
carbon molecules are within the diesel
range. These cracked molecules emerge
from the reactor as an oil vapor which trav-
els through a number of condensers and a
quencher for treatment.

The resulting fuel product can be further
upgraded to meet established fuel standards
with typical petrochemical methods.

The solid residue remaining in the reactor
once all oil contained has been vaporized
consists of carbon mixed with any minerals
from the feedstock. As a high calorific char
product it represents the second valuable
product stream deriving from the pFuel pro-
cess.

For the most part pFuel plants combine
standard machinery and off-the-shelf com-
ponents with a core reactor that has been
developed from scratch by BIONIC for best
results with the microwave application. The
microwave packs themselves are built from
90% standard components upgraded with
BIONIC technology and control software.

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

Scientific Background

One of the ground breaking technologies in
the context of depolymerization, the flash
pyrolysis, had been developed in the late
1950ties. Another improvement was intro-
duced in the 1980ties by Prof Bayer at the
University of Tubingen in Germany. His lab
research demonstrated the effectiveness of
zeolite catalysts in conjunction with thermal
depolymerization of various feedstock types
containing significant amounts of carbona-
ceous substances. He called his new process
Low Temperature Catalysis.

Based on these findings it became possible
to transform biomass including cellulosic
compounds and a wide range of waste mate-
rials into short aliphatic hydrocarbon chains.
The resulting liquid products are similar to
light oils from fossil crude. They match the
characteristics diesel and light heating oil.

A related process is in common use at oil
refineries for the transformation of heavy
oils into transportation fuel known as Cata-
lytic Cracking. The Houdrey process was
introduced for the first time in 1937 at the
Marcus Hook refinery in Pennsylvania, USA.
The process allowed for doubling of the
quantity of gasoline produced from fossil
crude oil and played a major role for the
fuel supply to the Allied Forces during World
War Il.

12
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While the heating effect of microwaves was
discovered by accident in 1946 science did
not show a lot of interest in the application
of microwaves to chemical reaction process-
es until recently. However, over the last 10-
15 years an increasing number of scientific
studies begun to emerge about the use of
microwave, including in the field of biomass
pyrolysis. While many of the observed ef-
fects are still not completely understood
there is wide consensus in scientific reports
on a number of distinct advantages when
compared to conventional pyrolysis meth-
ods.

The most mentioned advantages are the
very energy efficient, rapid heating from the
inside out and the selectiveness of micro-
wave agitation based on molecular electric
properties which take the effect beyond
simple heating.

Not in the scientific focus yet is Bionic’s
hybrid use of zeolite and microwave togeth-
er which consistently gives the results from

vl_\
A7

Picture 4 - Microwaves are
heating from the inside out

Version 2019/1 10/06/2015

the pFuel conversion process its distinct
edge over those from scientific lab experi-
ments with microwaves.

Even more, Bionic has taken these superior
results already from the lab to commercial
implementation. Never the less, the still
intensifying interest of the scientific com-
munity in microwave chemistry will facili-
tate further process improvements. Bionic
works closely with scientists around the
world.

The Feedstock - Product Mix

MFuel’s flexibility regarding feedstock selec-
tion is outstanding. The reactor design itself
sets no practical limitations for feedstock
materials that can be shredded and fed
through the dual heat up and radiation
phases inside the chamber. Project feasibil-
ity is determined only by feedstock composi-
tion and energy content, not the technical
equipment.

Bionic differentiates 4 major feedstock clas-
ses for treatment with a pFuel system:

> Biomass

(including energy crops, lignin from the paper
and pulp industry, agriculture and forestry
waste and organic fractions of MSW).

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

> Waste materials
(including all carbonaceous household and
commercial waste streams, animal waste).

» Scrap Tires

(no removal of metal or textiles from
feedstock is necessary, scrap metal is
recovered from residue after oil extraction).

» Special Applications
(toxic waste, oil spillage and contaminated
soil, tar sand, shale oil).

For all feedstock types the contained energy
is extracted and concentrated in liquid and
solid form, making it less volatile, better
storable, transportable and usable like fossil
fuel products. In many cases the Bionic
products can be produced at a lower cost
than their fossil counterparts, adding to the
environmental advantages.

The solid pyChar product is a much cleaner
direct replacement for the combustion of
fossil coal, but due to its high quality it can
also be used as a raw material for activated
carbon, carbon fibre and many other indus-
trial applications. When pure Biomass is pro-
cessed the resulting Biochar can also be
used as a soil amendment.

The liquid Oil product is primarily a drop-in-
fuel, but might also contain high value mar-

ketable chemicals that can be separated at
advantageous cost levels compared with

13
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traditional production methods. On-going
research on bio-refinery concepts will open
up new options in the future. The current
marketing possibilities include:

» Sale to refineries as green feedstock,

» Direct upgrading to Diesel and/or Jet
fuel,

» Direct electricity production via mo-
tor or turbine driven generators as an
interesting option to buffer the sup-
ply gaps left by wind and solar power
generation.

There are also some useful by-products:

> Gas, which is used to co-fuel the in-
ternal power generation,

» Highly purified water

» Excess heat usable for industrial ap-
plications nearby

» Valuable minerals might be extracta-
ble profitably for some feedstock
configurations.

Emissions and disposable liquid/solid resi-
dues are minimal compared to other pro-
cess.

Version 2019/1 10/06/2015

The Process in Detail
Catalytic Conversion

Many attempts have been made over the last
30 years to implement a commercially viable
technical process for a direct catalytic con-
version. What worked well in the lab and on
small scale pilot implementations didn’t
make it to large scale commercial imple-
mentation for various technical design rea-
sons. However, catalytic, low temperature
conversion had proved its chemical and
physical feasibility beyond any reasonable

Picture 5 - Zeolite Catalyst under
the microscope

doubt.

The zeolite catalyst used in the process has
a constant pore diameter in its crystalline
nano-structure, allowing only certain mole-
cules to pass the crystal mesh and come in

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

contact with the reactive centers. That’s
why zeolites are often also described as mo-
lecular sieves.

Picture 6 - Zeolite mesh model

Choosing the best fit zeolite increases con-
trol over the fuel products formed on the
molecular level by the process.

Microwave Conversion (Pyrolysis)

The modulated, pulsed microwave radiation
induces a well-defined oscillation in the po-
lar molecules within the reaction mass
which in turn heats up the material. The
oscillation and resonance cracks larger mol-
ecules, an effect that works even better in
the presence of the zeolite.

The application of energy via microwaves is
an environmentally friendly and most effi-
cient method of heating.

14
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For even higher efficiency a hybrid energy
application is built into the reactor vessel
which utilizes excess heat from the internal
power generation to preheat the reaction
mass before the microwave treatment be-
gins.

Microwave radiation penetrates the materi-
al, heating it from the inside out, without
the source of the radiation being subjected
to any friction or other mechanical wear.
Microwave heating affects the process in a
very different manner than any conventional
heating would.

MW heating Conventional heating

Increase in temperature

Picture 8 - Microwave and conventional heating
1-Areas of oil formation

2-Cold gas over the sample in microwave

3-Area of oil reaction with colder reaction mass

4-Hot gas over the sample in a heater

Contrary to common belief energy applica-
tion with microwaves is most efficient. The
industrial application of microwaves cannot
be compared to typical household devices.
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The long-life magnetrons (microwave gener-
ators) used are maintenance free during
their lifetime. Replacing the magnetrons is
easy and occurs annually as part of sched-
uled maintenance work.

Absolute safety of operating personnel is
ensured by strict radiation shielding and an

150
160
140 ~
120 —
100

30

iod QOil bath

40

207 T T T T T T T

0 50 100 150 200 250 300 350 400

Picture 7 - typical microwave heating curve com-
pared to conventional heating
additional housing of the reactor excluding
any possibility of radiation leaks.

The possible formation of highly toxic diox-
ins and furans from plastic feedstock was
always a key disadvantage of conventionally
heated depolymerization technologies. As
they are produced only at temperatures
above 550°C that danger has been com-
pletely eliminated with the pFuel technology
where temperatures never rise above the
350°C threshold.

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

The Technical Implementation
Feedstock Preparation

The feedstock material needs to be dried to
the right moisture level and shredded to the
optimal particle size, subsequently blended
homogeneously with the catalyst and finally
pressed into pellets of 6 x 40 mm standard-
ized size. It is of high importance that the
used shredding technology is robust, low
maintenance and efficient.

A typical production facility would use re-
dundant preparation lines whenever possi-
ble. While acquisition cost is slightly higher,
redundancy allows maintenance and repair
without interrupting main production.

Picture 9 - Compressing most feedstock in
pellet form is an important part of the process
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Feedstock Conversion

The prepared pellets are fed to the con-
version reactor and treated in an inert
atmosphere (N or CO2) with pulsed mi-
crowaves of 480 kW peak power after
conventional preheating with excess heat
from the CHP.

The impact of the concentrated micro-
wave radiation on the compressed reac-
tion mass results in rapid heating of the
dielectric water molecules contained,
breaking up organic structures before
they evaporate together with the vola-
tiles when the pellet surface opens up.

In a second phase carbon and the zeolite
catalyst function as strong microwave
receptors facilitating a series of cracking
reactions breaking down larger carbona-
ceous molecules thus creating an oil va-
por emerging from the reaction mass.

The presence of the catalyst causes an
effect called “in-situ upgrading” by sci-
entists. Vaporized hydrocarbon mole-
cules are further upgraded before leav-
ing the reactor for condensation. It is
that effect which is responsible for the
high oil quality unmatched by any other
direct conversion technology.
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The pFuel process is a “dry” process thus
avoiding coking or plugging of the system.

Bionic pyFuel Plant Diagram

Glass & Metal
Separation

Shredder

Dryer
Mixer
Pelletizer

Cooling Water Tank
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QOil Vapors — "

Microwave

Packs
up to 480 KW

Condenser |
Water

enser Il

||| Light oil

Filter

Generator

Cooling water circuit

Final Distillation
Tank & Heating

(desulfurization optional)

v
Energy 500 kW electric
700 kW thermal

Water
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Oil Upgrading

The oil vapors of the group C11-Cé64 (diesel
type oils), are subject to the final distilla-
tion.

Hydrocarbons that have not yet been fully
processed can be returned to the reactor.
Depending on product requirements, the
distilled oils are fed to hydration and desul-
furization units for upgrading to conformity
with the respective fuel norms.

The scope of delivery includes a high quality
fuel laboratory with the required analysis
equipment for continuous monitoring of
product quality.

In cooperation with one of the most re-
nowned manufacturer of analysis equipment
a standardized analysis system has been de-
veloped.

i ‘
S ) ‘_i

ALa

Picture 11 - Lab equipment for continuous
quality control of feedstock and products
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Internal Energy Supply

As a by-product the pFuel process yields
hydrocarbon gases with a low boiling point.
It fuels the internal CHP in combination with
a small percentage of the liquid fuel prod-
uct. Thus a plant is energetically independ-
ent from the grid.

Picture 10 - Internal heat and power
generation for grid independence

One or more specially adapted CHPs with
400 - 1500 kW permanent electricity output
supply sufficient energy and heat for feed-
stock drying and pre-heating. Depending on

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)

the individual project situation excess power
and heat can be supplied to the outside.
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Scaling the Plant Capacity

The core reactor is designed for an output
capacity of approx. 1.250 l/h. Average oil
yields are 30%-35% for biomass and up to
80% for pure plastic waste.

A special design feature is the possibility of
down-scaling capacity. This is achieved by
mechanically reducing the volume of the
reaction chamber in sync with a reduced
number of microwave units. A reduced ca-
pacity of e.g. 30% is useful when the facility
is used for research or testing. Later the
capacity can easily be upgraded.

Up-scaling can be achieved by combining
several reactors into clusters. With clustered
reactors capacity can be increased to 5.000
[/h and more sharing the same feedstock
preparation and fuel distillation equipment.

Picture 12 - A 4xcluster floor plan
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Components of a pFuel plant

A complete production plant typically con-
sists of the following components:

> Feedstock Storage

Ample area for dry storage of feedstock
material

Shredder
Equipment to grind the feedstock material
down to the right particle size

Pellet Press

Equipment to compact the grinded
feedstock mixed with catalyst and
additives into pellets

bionicfuel reactor
Flatbed, rotary reactor, hybrid heating and
microwave application

Condensate Tank
Buffer tank for the reaction product

Distillation
Thermal distillation for product
purification

Desulfurization Unit
For biomass feedstock, removal of sulfur
from oil

Product Storage Tanks
Storage tanks for the liquid fuel

Mixing Vessels
Vessels to mix the liquid fuel with
additives for upgrading.
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» Water Tanks
Storage tanks for water separated during
conversion of the reaction mass

» Char Storage Container
Storage for the char product

» Supplemental Tanks
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Tanks for inert gas, hydrogen, process
additives

oioMic)

microfuel 480 block - diagram

Input

> Bio-Elite Carbon-to-Fertilizer Unit
An optional module to upgrade Biochar into

Fulf -

Generator
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» Combined heat and power plant (CHP)
Motor and generator for internal energy
production

> Laboratory for Quality Control
For continuous product analysis
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a highly valuable soil amendment
Plant control & safety

All control systems are centralized in a con-
tainer which contains an operator control
desk from where all critical process stages
are monitored and controlled.
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A special emergency shutdown procedure
has been developed and programmed
throughout the system to avoid risk and
damage in unexpected emergencies.

Redundant power supplies are installed for
all critical control functions.

The pFuel facility is built in high-grade
steel. The microwave units comply with all
technical standards for high-frequency in-
stallations and are certified according to all
current regulations.

While not required by regulations the facili-
ty is designed explosion proof according to
the ATEX standard.

Picture 13 - The control center with some control
screens
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All components are built by certified Ger-
man and Czech manufacturers observing the
highest quality standards. Compliance with
strict specifications and standards is contin-
uously monitored by BIONIC quality control.
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Site preparation requirements

In order to install a pFuel plant, the follow-
ing site preparations are necessary:

Paved area of at least 800 m?
A building of the dimensions 20 x 15 x 12m
Area for feedstock storage min. 1000 m?

Power supply of 400 V/kW continuous load
for emergency operation

Separate housing for the attached CHP (900
kW elec. energy)

Water connections and cooling water tanks,
water drain (for cooling water, not contami-
nated)

Area for fuel tanks

All necessary legal permits need to be ob-
tained.

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)
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The Products

The table on the right provides an overview
of the versatility of the process regarding
possible feedstock. It shows typical oil yields
for a wide range of materials varying greatly
from feedstock to feedstock.

Yields can be further improved by the exact
selection of catalyst, additives to the feed-
stock and precise determination of all pro-
cess control parameters. Trials and process
adjustments are part of the start-up phase
of any plant.

Values in this table are indicative only and
cannot be guaranteed before verification
with the exact material intended for an in-
dividual project.
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Feedstock type Oil Yield
(dry matter, 10% hum.)  (in %)
Wood 34,0%
Sweet corn 35,0%
Slurry 44,0%
Miscanthus 39,0%
Biomass (average) 35,0%
Olives 47,0%
Palm cake 49,0%
;T)v;ang;iex sludge/ 53,0%
RDF (42MJ) 54,0%
RDF hydrated 68,0%
Rapeseed cake 55,0%
Tire crumbs 60,0%
Saw dust 34,0%
Reed 36,0%
Fluff from recycling 78,0%
Straw 35,0%
Wax 89,0%
Wheat bran 42,0%

The Main Conversion Products
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HCrude: as illustrated in the table on the
left oil yields differ greatly depending on
feedstock. The same applies to quality and
upgrading requirements and opportunities.
The liquid pCrude often can be used directly
for power generation or upgraded to stand-
ard heating and transportation fuels. In
countries with Biofuel mandates in force,
like for all EU-members, pCrude deriving
from renewable sources can help refineries
meeting these legal obligations.

Picture 14 - Bionic pFuel oil has an un-
matched level of quality
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Oil Properties

The table on the right shows analysis data for the liquid

product processed from a mix of plastic waste (RDF). It Parameter EN 590 Distillate Unit
demonstrates how close the crude product already - . X ,
matches the EU standard for diesel fuel. The use of Kin. viscosity at 40°C 2,00 to 4,50 2,94 mm?/s
standard petrochemical upgrading options closes the re- Density at 15°C 820 to 845 831,40 kg/m3
maining gaps.
. CFPP Max. -20 -15,00 °C
The chromatograms below show a pFuel sample’s chemi-
cal composition compared with a Diesel sample from the Cetane index Min. 46,0 42,90 -
filling station. _ .
Distillate at 250°C < 65 60,17 Vol. %
Distillate at 350°C Min. 85 95,21 Vol. %
95% percentile Max. 360 351,19 °C
Table 1 - bionicfuel crude oil analysis
uV(x10,000) uV(x10,000)
o Chromatogram 109‘: Chromatogram
8.0 80
7.0 7.0
6.0 60
50 50
40 40
3.0 30
20 20
10 l L 10 “m
0.0 "l‘L 00 lj 2 .J.AJ‘U
W 5.0 10.0 15.0 20.0 250 30.0 35.0 min e 5.0 10.0 15.0 20.0 250 30.0 35.0 min
Bionic pFuel light oil fraction from straw For comparison: Diesel straight from the filling station

(distilled, hydrated, first peak is n-hexane as a solvent)
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pChar: a high purity, homogeneous carbon
product for most feedstock types with a cal-
orific value comparable to highest quality
fossil coal. Besides the use as a combustible
solid green fuel other product options exist.

Bionic pChar exhibits an unmatched mi-
croporosity of up to 1,300 m?/g making it a
candidate for typical activated carbon uses
without any further treatment except grind-

ing.
Extensive tests of pChar from biogenic feed-

stock as a soil amendment showed remarka-
ble results:

Picture 15 - bionic-char helps increase and
sustain valuable top soil

= The open, extremely porous structure
has strong hydrophilic properties.
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As the carbon fraction contains most
minerals (ashes) from the feedstock, the
reuse of nutrients is optimal.

NH3 contained in manure and most
microbiological waste is eliminated
during the pFuel process.

The crystal structure of the carbon is
polarized due to the microwave
radiation increasing the capability of
water absorption and storage.

The char is completely sterilized and
can be upgraded with beneficial
microorganisms for improved fertilizer
quality with e.g. nitrobacteria.

The presence of the environmentally
neutral zeolite catalyst (sodium-silica-
aluminate) further increases water
absorption of the char.

Picture 16 - Bionic pChar has extraordinary
capabilities to preserve water and nutrients
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Upgrading pChar into an organic fertilizer
and soil amendment product offers a signifi-
cantly higher revenue potential than its uti-
lization as a simple solid fuel. Therefore
Bionic has developed its innovative Bionic
pSoil product line, modern versions of the
historic Terra Preta discovered in the Ama-
zon basin not too long ago.

Bionic pSoil combines the huge potential of
the patented Bio-Elite process, an organic
fertilizer production method licensed by
Bionic, with the outstanding functions of
pChar as a carbon rich soil amendment.

Bionic is currently building a franchise sys-
tem centered in Germany for the production
and marketing of this unique product.

In another series of live testing Bionic pChar
was added to the bedding of chicken sta-
bles. Results turned out as expected. The
pHChar amendment eliminates a major indus-
try problem, the ammonium emissions, to a
level where emission control systems soon
becoming mandatory in the EU will not be
needed.

The resulting Bionic pSorb is another fasci-
nating product utilizing the special proper-
ties of Bionic pChar for the reduction of
greenhouse gas emissions and general im-
provement of animal health. Further appli-
cation tests for animal husbandry outside of
the poultry industry are under preparation.
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Conversion By-Products

Gases: a mix of methane, propane, pentane
and other highly volatile organic compounds
escaping from the reaction mass at an early
stage of heating. This fraction is added to
the fuel mix of the internal generator.

Water: the remaining moisture of the feed-
stock combined with process water delivers
a significant amount of highly purified end
product which is available for many uses.

For example Bionic has done a feasibility
study for large dairy farm operations which
are under strict regulations regarding their
footprint of waste water, while at the same
time there is often a shortage of available
drinking water for the cows.

Picture 17: Recycling water from manure for
dairy cows
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In the Bionic concept dewatered manure is
converted via the pFuel process into the
typical pCrude and pChar products usually
derived from biomass feedstock. At the
same time the purified water can be treated
and recycled as drinking water for the ani-
mals.

Such a solution does not only drastically im-
prove the carbon footprint of the operation,
but also impacts drinking water resources
and waste water handling.

Sulfur: depending on the feedstock type and
use of the liquid fuel product sulfur is sepa-
rated during fuel upgrading in a desulphuri-
zation unit. Pure sulfur has its own market
as a chemical commodity.

Inorganic residues: depending on feedstock
small amounts of inorganic salts are present
in the char fraction like sodium-, calcium-,
potassium-salts in addition to catalyst resi-
dues in the form of environmentally neutral
silicate.

publishing prohibited without written permission © 2009-2015 by Bionic Fuel Knowledge Partners Inc. (patents pending)
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Advanced research on innovative
materials deriving from pFuel prod-
ucts

Bionic has established a network of pres-
tigious research institutions which are ac-
tively working on utilizing the oil and char
phases from various feedstock types for
new, innovative applications.

Lignin Processing

The pFuel process is exceptionally effec-
tive when processing pre-treated lignin
feedstock, a residue product from the cel-
lulose industries when processing wood
into fiber.

Given the fact that the pulp and paper
industries put out an estimated 50 million
tons of such lignin products annually, of
which only 2% have at least a low value
commercial use, huge opportunities exist
in this field for the Bionic pFuel technolo-

gy.

The liquid phase from the lignin feedstock
breaks down in a light and a heavy frac-
tion. The heavy, phenolic faction consists
primarily of easily separable aromatic
components of very low molecular weight.
These components represent the only nat-
urally occurring aromatic molecules which
are often labeled as the main building

Version 2019/1 10/06/2015

blocks of a future bio-based chemical in-
dustry.

While these molecules have been extract-
ed from the lignin residues by researchers
in laboratory quantities using complex
chemical processes, pFuel offers for the
first time a commercially applicable, low
cost process for large scale production.

It should be noted that a phenolic oil frac-
tion with similar properties is also present
when lignocellulose feedstock like wood or
straw is processed, however at a smaller
volume corresponding to the amount of
lignin contained in the feedstock.

The second fraction of light oil can be
easily slipstreamed into existing refinery
processes thus covering a significant share
of the various biofuel mandates in force.

Base Chemicals and Base Oils

Not only the pCrude from lignin processing
offers completely new avenues to arrive at
raw materials for the chemical industry.
Many early studies suggest an interesting
HFuel potential for biomass and waste ma-
terial feedstock to extract marketable
base chemicals and base oils. Usually they
will be produced in a cheaper, more sus-
tainable and environmentally friendly way
than currently.
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Innovative pChar Applications

Lignin and cellulosic biomass derived
pChar exhibits some outstanding properties
comparable or even exceeding the highest
quality activated carbons, usually with
little need for expensive upgrading pro-
cesses other than grinding to the required
granularity.

High value applications for the pChar will
emerge over the coming years in areas as
diverse as electricity storage, waste wa-
ter treatment, high tech filter processes,
gold refining and innovative, healthier
building materials, just to name a few.

Examples for lower value innovative prod-
ucts exist in various future building mate-
rials:

Picture 18: Pressboard with 60% pChar
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Pictures from the first pilot plant

Picture 20 - Microwave control cabinets

Picture 19 - the “octagon” protects the reactor and
serves as an additional outer radiation shield
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The core components of an mf60
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1 Reactor Body

2 Reactor Cover

3 Reactor Stand

4 Engine, Gearbox, Rotor
5 Stirring Gear

6 Input Section

7 Extraction Screw
8 Steam-Tube

9 Gas-Output

10 Steam Precooler
11 Condenser 01
12 Steam Heater
13 Condenser 02
14 Steam Collection Vessel
15 Gas Quencher
16 Vacuum System
17 Vessel 300 Itr
18 Vessel 150 Itr
19 Pipes & Tubes
20 Microwave Pack
21 Electric Cabinet
22 Control Desk
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BIONIC Consulting

BIONIC promotes a low risk approach for
its clients. A key part to meeting that goal
is a diligent pre-project evaluation of all
technical and business parameters.

BIONIC experts help clients to research and
evaluate all background data necessary
including extensive feedstock testing at
BIONIC’s lab. Feedstock and product sam-
ples are analyzed by independent external
experts. Only with the most reliable tech-
nical data realistic business models can be
developed that remove risk from a pro-
ject.

Parameters determined during the pre-
project can be included in a delivery con-
tract and become part of a broad perfor-
mance guarantee. Feasibility studies are
conducted in close cooperation with the
client and usually include activities like
the following:

» Chemical analysis of the feedstock ma-
terial for energy content, organic con-
tents (PCB, PVC, PU, PAE etc.), inorgan-
ic salts , metals and metal compounds,
water content, toxins, etc.

» Physical feedstock analysis for
- odor structure
- grain size, specific weight
- hardness
- process adaptability: solid/liquid
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- viscosity

- porosity

- temperature

- storage requirements

Sample processing in a lab unit for de-
termination of yields.

Analysis of the sample fuel against the
applicable standards.

- Test of the engine suitability

- engine test run

- exhaust testing

- Cetane measurement

Analysis of the char product.

Analysis of all residues.
- Disposal options where needed

Determination of the scope of delivery,
the parameters of the facility and its in-
terfaces.

Determination of the chemical specifi-
cations of the feedstock.

Determination of the physical specifica-
tions of the feedstock.

Determination of the drying require-
ments for the feedstock.

Determination of feedstock quantities
and quality including the mass/energy
properties and permitted variations.

Determination of statistical control
samples for the operative use.
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Determination of the functionality pa-
rameters (input-output-relations).

Review of the location.

Determination of the interfaces with
feedstock logistics.

Determination of required client-side
activities and deliveries with interface.
Descriptions and schedule.

Product market studies.
Determination of operating cost factors.

Development of a concise business plan
and presentation material as required.

Development of a detailed project plan
with timeline and milestones.

Development of a training plan.

Compilation of all documentation and
test results for permitting processes.
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A comprehensive mass and energy balance (like the following example) always serves as a central deliverable of Bionic’s consulting work
during project preparation. It is based on the extensive analysis of the exact feedstock selected for a project and delivers the data frame-
work that eliminates much guessing from the project planning process. It removes a major portion of the risk involved in a project’s busi-
ness plan.

feedstock preparation microwave conversion productoutput  weight energycontent
Cow Manure
» mechanicallydewatered . GAS 408 kg 1,428 MJ
+ air&heatdried oo,
Manure Pellets Microfuel MF480 B
: 259?&2:,9 | ASTM 748 kg 29,793 MJ
moisture a DIESEL
" ~20%
I::} JL W PHENOLS 204 kg 1,843 MJ
1 ~6%

CHAR 1,394 kg 28,417 M)

+ ~6,000 MJ for processing = - ~41.0%
600 KW (o) 4 600KW
850 KW (1perm) 250 KW (tperm) WATER 646 kg
purified
for feedstock preparation for conversion Gas and ~ 12% of 1a0
) 19%
oil output used for
300 kW (g internal power Heatrecovery/losses _ , 5001,
350 KW (tnerm) 1.500 kW CHp | Production > | Used for feedstock drying ’
A J

for bio-crude upgrading Material flow per hourand reactor

Energy consumptioninthe process: max4,300MJ - translatesto an energy efficiency of > 94%
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