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Introduction

This paper is devoted to the description of the equipmeptdoiucing highquality charcoal and thermal
energy from materials of plant origin.

After reading this material, you will bEKKCDbD I
charcoal kiln were made and how they affected its reliability amclexfty. This work can be useful both for
beginners and experienced charcoal burners, as well as for potential investors in the Bioenergy industry.

Main principles of GreenPower implemented in its equipment

1 High efficiency of due to the use of a unigiesign
1 Environmental safety due to the complete combustion of pyrolysis products
1 Minimal impact of the human factor due to the use of mechanization, automation and remote con
of equipment operation
1 Maximalreliability due to the quality control system at all stages of production
1 Developed service system: supervision installation, commissioning works, training of personr
warranty and postvarranty services ensure long service life of the equipment
1 High labor standards
1 Minimal binding to the site infrastructure: electricity, hard covering,
industrial premises, etc. are not needed
1 Thefollowing documentcontains the description of the kiln elements
that have been changed.
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Completeness

No ITEM Quantity
1 CK-1 AEKKON assembly 1
1.1 Washers, nuts of doors of drying and pyrolysis chambers (installed), 28
1.2 Sealing cord of chamber loading hatch (installed), pcs. 2
1.3 Sealing cord of frame of chamber loading hatch (installed), pcs. 2
1.4 Steam pipe (1 m), pcs. 2
1.5 Screw valve of steam pipe with sealing cord, pcs. 2
1.6 Water seal, pcs. 2
1.6.1 | Faucet 1 inch (drain/overflow), pcs. 4
2 Components of the furnace
2.1 Grate basket, pcs. 2
2.2 Furnace damper in assembly, pcs. 2
2.3 Afterburning plug in assembly (or afterburner) with chimney, pcs. 1
2.4 Furnace chambeafterburning plug (or afterburner) connection with 1

damper, pcs.
2.5 Set of materials for sealing afterburner plug (or afterburner) inlet, pcs 1
2.6 Tray forash removal, pcs. 1
3 Control and measuring devices
3.1 Control and measuring device in assembly (0,5 kW), pcs. 1
3.2 Temperature sensor uv7, uv8 (D 11 2
3.3 Temperature sensor uv?2, v5 (D 1¢( 2
3.4 Temperature sensor uv3, uv6 (D 1 2
3.5 Temperature sensor uvl, T4 (D 17 2
the contract, pcs.
3.6 Wiring kit of control and measuring device (with the corrugations in tk 1
box on the brackets), pcs.
3.7 Grounding peg D10, L=1.5 m, pcs. 1
4 Mechanization of actuators (120W)
4.1 Damper drive (actuator) of afterburning plug (24V), pcs. 1
4.2 Damper drive (actuator) of furnace (24V), pcs. 2
5 Set of sealing gaskets, for elements:
5.1 Screw valveof steam pipe with sealing cord + water seal (graphite), p| 2
5.2 Gas pipes (graphite), pcs. 4
5.3 | For water seal (graphitd) 100, pcs. 2
5.4 Gas valve (graphite), pcs. 4
5.5 | Steam piped 159, pcs. 2
5.6 | Steam piped 100, pcs. 2
6 OTHER
6.1 Portable trestle, pcs. 1
6.2 Hook for trolleys unloading, pcs. 1
6.3 Sealant, tube 2
6.4 Poker, pcs. 1
6.5 Special spanner wrench 36, pcs. 1
6.6 A metal cable with a thickness of 4 mm, rm 50
6.7 Turnbuckle M8 (ringhoo k) with snap hook 1 4
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No ITEM Quantity
6.8 Cable clamp [4, pcs. 16
6.9 Rod with a diameter of 12 mm, 2 rm, pcs. 6
6.10 | Producer sign, pcs. 1
6.11 | Certificate, pcs. 1
6.12 | User manual, pcs. 1
6.13 | Assembly instructions, pcs. 1
6.14 | User manual and certificate fmeasuring deviceocs. 1
6.15 | Operating and maintenance logs, pcs. 1
7 Specification of spare parts supplied with kiln
7.1 Felt for sealing trolleys, afterburning plug, etc., kg 18
7.2 Fluoroplastic tape (20 m) 2
7.3 Current relay, pcs. 2
7.4 Setof graphite sealing for valves, pcs. 1
8 Logistic elements of the site supplied by agreement
8.1 Trolley, with wheels and metalware
8.2 Basket for trolley
8.3 Platform, with wheels and metalware
8.4 Trestle
8.5 Electric winch

Specification of expendable materials for 1 year of operation

(not included into the delivery set)

1 Set of graphite sealing for valves of the stegas channel, set 1

2 Pipes for steam removal, pcs. 2

3 Graphite linings for the water seal, set 1

4 Fiberglass padding of the chamber doors, set 1

5 Fiberglass padding of the furnace door, set 1

6 Filling material for the damper of the heat carrier supply, pcs., 5
including:

6.1 Seltt apping screw from stainless 10

6.2 ElectrodeE-3 09 L, | 2.5 mm 2

4 Filling material for the damper of the afterburning plug, pcs., 1
including:

7.1 Seltt apping screw from stainless 10

7.2 ElectrodeE309L, | 2.5 mm 2
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The CKkl A E&KO©har c oades: Xryingipyrolysis cthambershat are connected to the
chimneywith a deflectorand to thdurnace through thecontrol room, control and measuring devicesnd
an automated control systenplatforms for transporting the trolleys, trestles for loading raw mahtand
unloading charcoal and an electric winch. The chambers can be operatediidtReY | NG/ PY RO/
modes.Complete combustion of the pyrolysis gas ensures environmental safety of the pktiassstrol
units are mechanized@he main operating parameters are permanently recorded, which allows to analyze

performance of the kiln.

Main elements of the kiln

. Afterburner 17
. Chimney

. Wiring of control and measuring devices

1. Furr]ace cham_ber 10. Chamber A

2. Drying/pyrolysis chamber A/B o 11. Chamber B

3. Damper of chamber A/B with electric dri\ 12. Winch hook of chamber A

4. Water seal of chamber A/B 13. Winch hook of chamber B

5. Control panel 14. Afterburning plug damper with electric driv
6. Steam pipe of chamber A/B 15. Furnace door

;- Control room 16. Furnace ashpit
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2. Drying/pyrolysis chamber

The drying/pyrolysis chamber is the place where the trolleys are loaded with raw material and t
main processes of carbonation (drying, pyrolysis, calcination) are carried out.

Chamber msulation There are two types of processes in the chamber: exothermic and endothern
Heat loss as a result of the reaction plays a very importaninrdleth processes, so i$ important for the
construction to havenermalinsulation

The walls of the cambes are made of mineral he@sistant materials that have uiteting properties
and a minimaheat capacity.

The walls of the chamber are also resistant
well as high temperatures (> 1200 oC).

The walbk of the chambers consist of the followjp@yts:outer lining, air layer, hermetic metstheet,
basalt wool layer, higtemperature mineral wool layerhestructureis basedon a metalframe

The inner metal sheet in the chamber was replagtta layer of mineral higliemperature insulation,
which in turn isolates the frame of the chamliteallowed to significantly reduce heat loss during operation
andminimizethe effect of high temperaturen the metal parts of the kiln

Improved themal insulation also prevents the formation of condensation on the inner walls of tf
chambers, which helps to prevent corrosion of the metal.

As a result, the reduction of heat loss allowed to

1 Shorten the cycle duration

Reduce the consumption adlditional fuel
Increase the service life of the kiln
Improve the quality of charcoal
Increase the productivity of the kiln

= =4 =4 A

3. Control room

The control room is a special place between the drying/pyrolysis chambers and the funeee¢he
main technological units of the kiln are installed. The temperature inside the control room is md@eOan
The main elements of the control room are described below.

Furnacechamber connectionit has two levels: one provides the supply loé heat caier to the
chamber, the otherdrainage of the spent heat carrier from the chanitber.connection is made of ceramic
fiber with the use of treatmenbat preventghe formation oferosion, which is a result of ash impact.
Thermocouples T7/T8re installednside the connection in order to control the temperature of the heat carris
before and after the chamber.

Furnace dampetsThey have two positions: one provides the supply of the heat carrier to the chamb
the other drainage of the speheat carrier from the chamber. They can be put into action automatically b
electricactuatorer on t he operator6s command.

Drying/pyrolysis products collectorThis device provides the withdrawal of products from the
chambersSteam pipes with valvegas pipes with valves and the water seal, which ensures the stabilizati
of pressure in the chambers, are connected to the device.




Steam pipesThey are designed for removing steam from the chamber. The steam pipes have

external insulation thaireventghe formation of condensate in their interior space.

Water seal This device is used for stabiling the pressure inside the

chambers.

Pyrolysis gas pipedhey are used for removing pyrolysis products from the

chamber into the furnace. The pipes isolated and pass through the hot zone, which
preventghe formation of condensation.

4. Furnace of the kiln

The basis of the furnace design was developed in early 2017, and n2@0D8the furnace was tested. The
tests helped to find defects in the design, which were afterwards eliminated, and theviashapproved for
mass production.

)l

The main advantages of the new furnace are described below.

Low heatcapacity This property provides & q u i ¢ k1 itstakes rorilyd@3040 minutesto put the
furnace iIinto operation. 't significantly re
processo. For comparison: it used. tTohitsa kfea cs
possible to reduce the amount of time required for commissioning and spend more time train
personnel and organizing work on the site.

Low heatcapacity also providesfag u i ¢ ki 3<}thauns after the furnace stop, it is pbssito
perform service and other necessary wajtke previous model required 48 hours to come to a full
stop).

Low heat losslit provides high efficiencylue tothe fact that all the heat is used in the process, i.e.
there is a significant economy foel consumption For example, when using raw material with a
moisture content of 60% the pyrolysis process, about 500 kg of raw material wsasibeforethe

gas releasstarted The new design requires less than 1008fkgqw materiafor the gas release start
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1 Lowweight The weight of this furnace 1.5 tonswhereas the weight of the brick furnace istons

1 Suitability for long transportation and loading and unloading wokksv weight and absence of brick
lining ensure that there m damagedo the furnace lining during transportation

1 Maintainability. The furnace is made of special panels that are joined together, which medssti
replace a failed unit The delivery set includes materials that are used to quickly repair the furnac
lining.

1 Absence of the furnace blowérallows to operate the kiln in places where there is no power supply
The absence of the furnace blower also excludes the possibility of damage to the furnace lining dt
impactof ashand temperatures abo¢e3 4C0 A

5. Chimney and thermal energy generation

The chimney is one of the most importamtsof thekiln, since it has a great influence on the progress
of the processes both in the furnace anthechambes.

A single chimneyis the main design difference from the previous models. For example, - C
2AREUROO0 had t hr-6e i & biR@WckimneysThE ptesence of only one chimney in the
design guarantees an equally high and szl regardless of the adle in which the kiln is operated.

The design of the chimney provides its forced cooling, which prevents metal failure caused by h
temperatures.

In order to prolong the service life of the chimngeys recommended to install a heat exchander
thermal energy generation

Depending on thesedraw material and the method of the process, the temperature of thestexha
gases can vary Ifprovdes te@dssibilitgo obtagibednialenergy.

Bothwater and air heat exchang&an bénstalled;heat can be removedthdn manual and automatic

modes. The amount of heat depends on the parameters of the fuel used for pyrolysis and is supposed t
the level of 36300 kW per hour.

X
.
{
)
|
I

436911 ¢

Production site with 4units of CK-2 A EUROO, Spai n
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6. Control units and control and measuring devices

The charcoal kiln is equipped with a mechanization control system, which essentially simplifies
operation. The dampers apet into actionnot separately but simultaneousiy a single commandThe
dampers are equippedwithhighual i ty dri ves and hav e maleall@vkostab | ¢
the kiln completely or prevent an emergency by pressing one button. Mechanization of operation provide:
possibility to contol the kiln remotely, as well as to automate the process.

Operational scheme of the charcoal kinCkL A EKK O

Tlit AC inside furnace

v At AC o fgassnixtera ehchamber A

v3t AC inside chamber A
u4dt AC inside chimney

u 5 t AoCstearagas mixture of chamber B

vt AC inside chamber B
vt AC of gas supply into c
vs8t AC of gas supply into c

071 furnace

171 furnace/chimney furnace of chamber A with damper
21 furnace/chimney furnace of chamber B with damper
31 afterburner damper

47 steam valve of chamber A

571 steam valve of chamber B

6ifnGas into furnaceo valve
7inGas into furnaceo valve
81 valve of air supply into the afterburner

91 afterburner

107 afterburneblower (if provided)

117 valve of air supply into the furnace

127 chimney with deflector

For ease of assembly, parts of the charcoal kiln have common graphic designations. One just h
find two idertical pictures and connect thefihe kiln has amistalled alarm for the case when the temperature
of the heat carrier exceeds the allowable level. It is possible to connect the measuring device to a PC vi
USB channel for synchronization. At the eiglisplay panel the readings of the seven thermplesu time
and atmospheric pressure are displayed.

The entire cable is located in an insulated box and protected by a corrugated hose that is distanced
the lining of the chamber. It provides protection from possible overheating. The control gerelésically
sealed and locked with a key. It prevents personnel @rasmi ng it wi t ©kmawledgeSbcket o [
unitsare made taking into account all modern requirements.
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