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0.5 MW-Plant, 120 kg/h Green Waste
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FLOX® - Flameless Oxidation in the 

Combustion Chamber
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In our view there are 2 main classes of biomass: woody (wood, bark, needles, 
miscanthus....) and sludge

} woody has 15-18 MJ/kg or 4.16kWh/kg and less than 5% ash this means our 
500kW machine  has a throõput of 500/4.16 = 120kg/hr of biomass and 
40kg/hr Carbon output

} pyrolysis retention period 0.4-0.5hr

} fixed carbon content 80% plus. (rest is ash with a little O2 and H2 )

} sludge has 10MJ/kg or 2.77kWh/kg =180kg throõput but sludge has 50% ash

} pyrolysis retntion period 0.5-0.75hr

} fixed carbon content 3-25% depending on process negative pressure and O2

in the ash conveyer

} food waste can vary widely and has to be analysed to obtain - calorific value, 
water and ash content before commenting. (if very fatty and oily it will have 
high calorific value and throõput is as per the calculation above)  
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} It is a continuous process

} The process is energy 
and carbon negative

} Rated energy input 
0.5MW 

} Has 3 inclined twin screw 
Pyroreactors

} One combustion 
chamber

} Plus auxiliaries e.g. 
conveyors, fans, control 
panel, hoppers

} Annual throughput 
capability 1000t, yielding  
350t of biochar plus clean 
waste heat

} Configured to operate in 
and around a 6m long 
shipping container

}Weighs 8.5t

}Meets and beats all the 
stringent EU/German 
emission directives/regs
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}Aims to maximise the yield of high quality biochar 
products, rich in fixed carbon, from a wide range 
of feedstock

}Burns all the syngas and tar type by-products of 
pyrolysis to produce useful heat

}Uses part of the heat to perpetuate the production 
of biochar

}To provide a multi-selection control system 
enabling the use of a wide range of biomass wastes

}Maintain low emissions and dust levels ensuring 
they remain well below regulations 

}Export the spare heat for other applications
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In the pyrolysis reactor the biomass gets heated from 450 to 600°C. 

The long Carbon-molecules break up to syngas and biochar. 
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Biomass to Biochar
miscanthus before and after 

Slow Pyrolysis

EXAMPLE of our work
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} Gas detection for:- CO, CH4, Natural 
Gas & LPG

} System shut down initiated by loss of 
mains power ðguaranteed by self 
contained emergency power system

} Personal protection means:- boiler 
suite, ear defenders, safety 
gloves+shoes+glasses when in service 
room (SR) and face mask when handling 
feedsock & product outside room.

} Heat shields:- hot surfaces protected 
where possible to a limit of 600 C. Parts 
unable to isolate made out of reach 
+warning signs. To perform work on 
the plant - shutdown to ambient 
temperature required.

} Rotating parts have access guarding

} Process specific safety features:-
pyroreator & combustion chamber 
operate under negative pressure; 
monitoring of pressure with redundancy 
sensors; re-adjustment of pressure by 
PLC defeating discharge of any 
flammable gas; 2 exhaust fans to create 
negative pressure (one working as 
redundant), each with separate 
power/speed inverter supply and are 
mechanically oversized.

} UPS links with automatic start-up diesel 
generator for a controlled shutdown in 
case of a loss of mains power; the PLC, 
one exhaust fan, the combustion air fan 
and service room fan are supplied with 
emergency power in case of power loss.

} Pro-active prevention of explosive 
atmosphere in SR by:- replacing the air 
in room 15 times per hour using SR fan 
+ taking combustion air out of SR; 
monitoring the SR by gas detection 
system; gas alert stops the plant & the 
feedstock conveyor directly. 
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} Start-up mode: all gas 

interconnecting pipe work and 
chambers receive 5 minute air purge 
before firing with LPG

} pilot flame produced by a DVGW*
certified flame control unit with uv-
sensor

} ignition begins only if there is no 
flammable gas in the process lines 
which are controlled by 2 lambda 
sensors

} Shutdown mode: lingering non-burnt 

gas is removed by the overrun time set 
for incoming  combustion air and the 
exhaust fans

} this facilitates cool down - ending 
production of gas (for pyroreactor
< 2500C;combustion chamber <6000C )

} Operating mode: combustion chamber 

temperature monitored by dual sensors

} gas flow direction detection in process 
lines

} bearing cooling by a one side opening 
second air valve

} feedstock entry shaft temperature 
monitoring at the pyrorector

} Rotary valve isolation separation between 
pyroreactor and feed hopper

} product water quench in the biochar
delivery conveyer

} biochar temperature monitoring after 
quench

} backfire protection using rotary valve 
isolation at the biochar delivery conveyer

} adjustable minimum combustion 
temperature between 850 and 12500 C 

} provision for auxiliary LPG gas injection to 
maintain combustion chamber temperature*DVGW CERT GmbH is the largest gas and water 

industry certification body in Europe
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} Promotion of the definition of the word 
Biochar in the agricultural industry

} Defining the characteristics and 
properties of high grade biochars ð
leading to global classification of 
regimeõ

} Setting parameter standards of the 
pyrolysis process to achieve acceptable 
and certifiable quality products

} Selection of the biomass feedstock ð
pure organic waste ðavoidance of heavy 
metals, paint, solvents, etc ðclean 
separation of inorganic waste, plastics, 
rubber, electronic waste, etc

} Application of biochar - bottom entry 
only with organic carbon ðcovering 
with mulch, minimum tillage, are all 
ôpositivesõ for best results 

} Latest  communal research project 
involves up to 500 gardeners over 2 
year period using a 10kg bag of Pyreg 
biochar, mixing with 40litres of 
compost, applied to 10m2 plot 
alongside 10m2 plot with just compost 
as the control

} Preliminary results so far, with first
review to be published in 2 weeks:-

} 220 gardeners commenced trial

} 50 have given initial feed back

} Of these 80%  report increased 
productivity of 10 ð30%

} Remaining 20% report reduced 
productivity, reason so far unknown

} Produce reported to have done the best 
ðpumpkin, cucumber and courgette

} Reason - probably due to improved 
water supply through the biochar
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Summary of company activities:-

} have been working with Terra Preta 
(TP) for 3 years

} strategy ðto develop a òrecipeó or 
òrecipesó of their own brand and 
bring to market

} prime facts to determine their 
success is TP òfixesó carbon (C) and 
nitrogen (N) from the biosphere

} they breed specific microorganisms 
(mgms) in compost containing 
charcoal which inoculates the soil 
improving the biology

} experimenting to find the optimum 
dose of charcoal

} some use neat charcoal and prepare 
it with òeffective mgmsó allowing 
activation for up to 4 weeks before 
composting with it.

} results show the more charcoal ðthe 
lower the C and N losses during the 
composting process

} without char 50% C and 30% N loss

} with char 20% and 10% loss

} so far main work has only been 
possible with traditional charcoal, 
crushed and screened ðthey know 
using Pyreg biochar, superior results 
will be achieved, thus avoiding 
charcoal costs by using green waste 
as the biochar feedstock

} they intend developing their brands 
with feedstock such as paper mill, 
dairy sludge and green waste

} the Pyreg unit will be located next to 
a sewage treatment plant where the 
waste clean heat can be exported to 
aid drying the sewage sludge

} 1 to 2 year period set find the best 
òrecipe(s)ó and field trials start in 
2011

Nov 2010



18
[A Climate Protection Enterprise]

Nov 2010

Sonnenerde Experiments



19
[A Climate Protection Enterprise]

Nov 2010

Sonnenerde Experiments



20
[A Climate Protection Enterprise]

Nov 2010

Sonnenerde Experiments



21
[A Climate Protection Enterprise]

Nov 2010

P
e
rc

e
n
t

Degradable Organic Matter %

Day 0 Day 14 Day 30 Day 57 K
g
/t

o
n
n
e
 o

f 
c
h
a
rc

o
a
l 
in

 c
o
m

p
o
s
t

Sonnenerde Results



22
[A Climate Protection Enterprise]

Nov 2010

N
 ï

c
o
n
te

n
t 

in
 p

e
rc

e
n
t

Sonnenerde Results



Claudia Kammann, 
Institute of Plant Ecology, University of Giessen, 2010

Reduction of Greenhouse Gas Emissions through Biochar

Lab trials: 8 g BC on 100g brown earth, 65% WHCmax
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Briggs et al. 

(2005)

Water retention capacity depending on biochar content
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The Pyreg 500 produces some 350 tonnes biochar per year.

If the 3.7 Million tonnes of grape pomace that are produced every year in the world 

would be transformed into biochar:  

2.5 Million tonnes of CO2 eq. could be saved

450 TWh thermal energy (T=x1015)
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