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A:•1STRACT 

By pyrolytic conversion 1untapped forestal and agricultu­

ral wastes represent valuable energy resources for many coun­

tries .The Partial Pyrolosis process yields charcoal,pyrolytic 

oils and heating gas.All three products have well established 

markets and the demand for them is rising. 

'!.'he Partial Pyrolysis plant can bP d.esigned for manual and 

conT.inuous ope~~tion as well,also its capacity can he adapted 

to the small scale producer. 

The achievable energy recovery from the raw material in­

put is 60 percent higher as compared to traditonal charcoal 

making methodti,which makes the Partial Pyrolysis attractive 

to the investor. 

• 
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Int:-oduct ion 

The residues of the wood inGustry and of the agricultural 

production represent 12rge energy resources in many countries.They 

remain however widely unused because utilisation technologies ore 

little known to the holders of those sources. 

Besi1es of fermentation and gasification the Partial PyrQly­

sis is one of the oldest nrocesses in use. 

The tenn pyrolysis in general describes the thermal deco;npo­

si tion of organic matter hy the application of heat in the absence 

of oxygen.The Partial Pyrvlyi~ nrocess uses enough air to support 

a chemical reqction to generate the he~t required for pyrolysis. 

These prc~esses nroduce three different types of fuel:solid 

fuel in form of char/ch~rcoal ,which are consequently briq~etted, 

pyrolytic oil and heating g2s.All these fuels have their estah­

lished markets and apPlication5 in industry and hou~eholds a~d it 

is referred to later. 

1. The Raw Materialss Literally hundreds of various feed stocks 

have been tried successfully by pyrolytic conversion during the 

last decade.In general all left-overs from clear cuttings of forest 

like brushes,branches,leaves,roots make a good feed,wastes of the 

lumber mills and the furniture industrJ,saw dust,slabs an1 wood 

shavings are an ideal raw material.The rejects of the nulp and 

pa~er industry,especially b~rk can be utilised also.On the agricul­

tural side a wide field of feed stocks are open to 11yrolytic con­

version .In the first place all nuts,nutshells and husks of nuts 

are eoueht-after materials and can he economically collected in 

developing countries in particular.Rice hulls ~nd sugar ~ane bagas­

se , waste from coffee plantations and coffee p:Locessors, c:Jtto.'l 

stocks and waste of cotton gins,etc. 

The list of feedetocks could be continued almost limitless. 

All th~se waste materials and residues can undergo the pyrolytic 
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conversion either r_s such or as hlends with others. 

Even strange stuff like slaughter house waste and chicken 

droppings have undergone nyrolysis in a small scale but success­

fully. 

Of course to compcse the mix of locally available feed stocl: 

various factors have to be considered and the specifications and 

requirements for the desired finished products have to be evalu­

ated before setting up t-he plant. 

2. Process Descriptionc For the Partial Pyrolysis a generalised 

process flow diagram is shown in Figure 1 .The following is a brief 

description of the unit operations. 

The raw material is received,reduced in size by hogging(if 

necessary),and stored.Additional unit operations such as ferrous 

metals removal,glass removal,etc. ,may be performed before storing 

the sized material. 

From storage the h0gged fe2d is retrieved and conveyed at 

a metered rate to the dryer.Here the moisture content of the feed 

is reduced to less than 10 percent(wet basis),and the dried feed 

is then conveyed tu a surge bin for temporary storage. 

The dried feed is retrieved and conveyed from the surge bin 

at a metered rate to the pyrolysis unit.Here the feed is thermally 

converted to char(charcoal),oil (pyrolytic oil) and gas vapors 

(heating g::i.s) .The charcoal is discharged from the hottom of the 

converter at a metered rate into a sealed srew conveyor where 

it is cooled with a_ water spray.It then passes through a rotary 

valve into a conveyor which takes it to the char storage bin. 

The oil and gas v3pors are drciwn through a port in the top 

of the converter into the off-gas system by ~he variable -speed 

induced-draft fan.This stream flows through a scrubber-chiller 

1 
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FIGURE 1. Generalized Fl.ow Diagramm for the Integrated 
Pyrolysis Process (IPP) • 

.. Char Briquetting Plant not included. 
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which uses cooled p:yrolys~s 0il as the m2dium. Here the entrained 

solid particles are scrubbed from the stream and most of the pyro­

lysis oil vapors are condensed. The uncondensed gases, with some 

entr&ined aerosol mists, then flow through a demister which coales­

ces the mists into a separate liquid oil ~trea~. The remaining fuel 

gases are drawn through the draft fan and forced into hurners to 

supply heat to the dryer and to the other on-site units ~riquet-

ing dryer, fire chambers of stea!\1 hailers. etc. 

The newly condensed pyrolysis oil together with the scrubbing 

oil, are combined into a single st<Pam which flows to a rotary 

vacuum filter where solld particles are removed. Then the clean oil 

flows to a stor2ge tank where a portion is drawn off, cooled and 

supplied to the scrubber-chiller. The surplus oil is available for use 

as a liquid fuel. The filter cake-solid char fines and pyrolysis oil 

is recycled into the converter with fresh feed material. 

The previously stored char is taken from the storage Lin and 

conveyed to the briquetting plant, which is usually set-up next to 

the converter station to make convenient use of the ejected heating 

gas from the pyrolysis process. The diagram of the '!)riqt1etting Plant 

is not shown in Figure 1. 

After crushing (if necessary) the prepared feed is c'rried over 

continuously into a paddle mixer. ~y providing sufficient retention 

time the crushed char is mixed with an energy extender and a '!)inder. 

The er:1ergy extender provides longer burning "times to the briquettes 

and lim~ stone can be used. The binder may consist of sta~ch or 

another material, for instance mo~assis. 

After thorough mh:ir..g the raw product is released into the ad­

jacent briquetting press. 'the formed ''green" hriquettes receiw their 

necessary strength in the following drying and curing process. Vihra­

tinp; feP.ders with a grate for fines removal draw the briquettes 
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from the storare ~•in tc the packagint· equipment. 

A wide array of types and si3es of baggage scales 2.re avai-

leible to meet the sri..-?cific requirements. .Simple ,manuall:r opel'."a-

ted units are in ~se as well as completely automatic systems. 

The followin;_! illustration shows a hriquette press (Fig• .') . 

Tte type of Dress i:::; sele~t.ed depending on the kbd 

of raw products and plant capacity. 

I 

.. ~ 
• 

. ~ 
Briquette press ejecting pillow 

br j.quettes 

EQUIPMENT DESCRIPTION 
(Pyrolysis Part) 

FIGURE 2 • 

Experience has shown,that most of the equipment can he 

huild locally .Producen tend to use second hand equipment and 

modify it,h2nceforth c~pressing initial investment costs. 

2.1 Rav Material Preparation: 

Raw material is received from a drag chain or by truck.The 

material passes over a screen,which sorts out the oversized pie-

ces and sends thell to a hammermill(hog)for size reduction.The 

hogged material together with the undersized materials.is con-
' 

veyed to a bucket elev~tor which loads the storag~ bin. 

From storage,a screw conveyor carries the sized material to 

1 
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a s~all metering bin ~o feed the dryer.The metering bin has sensi~g 

devices which control the storage bin unloader in an on-off method. 

2.2 DNer: 

The Dryer could be one of several types: 

a single - pass rotary dryer 

a three - pass rotary dryer 

a screw conv~yor dryer of special de8ign 

In each of these dryers,hot gases are passetl thro~gh the ma­

terial .The inlet gas temperature v~ies with dryer design and ran­

ges from 200° to 7v0°C.The dryer effluent gas is passed through a 

cyclonic type separator to remove the entrained solid particles. 

2.3 Thermal ConYerter: 

The thermal converter(pyrolysis unit) consists of an outside 

steel shell,a composite refractory lining,an output feed mechanism 

at t~e bottom,a lower plenum,a char srew,a char discharge airlock, 

an insulated top.and an air injection system.The converter is nor­

mally run at a pressure slightly below atmospher~c and is sealed 

to prevent in-leakage of outside air. 

Dried feed material is fed through the airlock·near the top 

of the converter.The flow rate through the converter is controlled 

by the out?ut system.and a nuclear level detector which controls 

the rate of feed into the converter. 

As the material flows downward through the converter,it is 

heated to a maximwn temperature of abc•1t 900°c and thermally 

decomposes into char(cha~coal)and gaseous vapors.The char is d:s­

charged into the lower plenum where it is water-spray cooled and 

conveyed through the screw and air-lock to conveying equipment 

which takes it to storage.The hot gaseous vapors flow u-pward through 

1 
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the bed, heating the r!ownwar1 flowing solids, and exit through a 

port at the top of th~ conve~ter into the off-gas system. 

Several safety features are incorporated to p!'otect the con-

verter: 

".)ressure-r·elief doors 

automatic temperatu~e shutdown 

autvmatic cooling-~ater shutdown 

2.4 Off-g"'A systia•1: 

All internals of the system are made of stainless steel for 

corrosion resis"tance.The functions of the off-gas system are1 

the gaseous vapors leaving the top of the converter are scrubbed 

and chilled to remove entrained solias and lower the temperature 

to condense the pyrolytic oil. 

~;he clean gaseous vapors then pass through a demister where the 

remaining oil mist is collected and removed. 

the fuel gas then passes through an induced-draft far1 for con­

veyance to the dryer burner,other on-site users and/or the flare 

stacl~ .The purpose of the flare stack is to allow any or all of 

the fuel gases to be burned cleanly and dumped into the atmos­

phere should the process burner demand cease.~he flare may be 

Hsecl ro' the start-up until the desired gas quality is achieved. 

Several saf~ty features are incorporated in the off-gas SJstem: 

pr<~;;~~ure relief tops, they are spring-loaded and vent about JOO 

mm uf water 

automat1c high -temperature shutdown.Should a fire start in the 

off-ra~.; system, the fan will be shut down .At the same time , the 

:1 i r ;:upp1 y wi 11 be cut off and the converter will be gated off, 

re~; i dual gase" will be vented throul!h the emergency flare. 

1 
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ele~tric power failure.If a total newer f~ilure occurs.the air 

supply ana the draft fan stop and all shut-off gates remain in 

the pre-failu:·e condition.Without air ~he process shuts itself 

off .Residual gases will flow to the flare stack where tney are 

safely burned. 

2. 5 Char Handling and storap:e : 

The char discharged from the airlock on the converter cutout 

screw is transported in a screw conveyor to a bucket elevator 

which loads the char storage bin.All these comoonents are extra­

heavy duty design. 

Explosions are always a potential problem when handling a 

dusty material.or one which containes gaseous vapors.'I'hus,the hin 

is designPd with an explosi0n relief too which lifts to vent the 

gases when the internal pressure reaches the preset limit.This ser­

ves to protect the structural integrity of the bin.In addition, 

four dead-we5ght relief doors are incorporated on th£ top of the 

bin. 

3. MATERIAL AND ENERGY BALANCES 

The Partial Pyrolysis process can be operated to orovide a 

variable yield from almost any feed material,with a corresponding 

variation in the gas and oil yieldu .This is primarily controlled 

by the air-to feed ratio,and can be demonstrated by the following 

example ~aken from a commercial plant: 

3.1 Pine Sav,Just and RoMed Bark: 

For purpose of presentation,the distribution of energy among 

the three pr·oducts, expressed in terms of ~har yield, is shown in 

Figure 3 for a blend of pine sav dust and hogged ba1·k. The solid 

curves are based on several runs.The commercial plant has been ope-
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rated at char yields ranfinv from 1 0.5 to Jf.6 Dercent,and the Di­

Jot rlant results have heen obtained at char yields from 9.0 to 

45.0 Dercent.~he heating value~ of the three nroducts vary with the 

...:har yields. 

The energy recovered in the form of char in Figure 3 cor.tinues 

to increase as the char yield incroases,with of ~curse ,3 corre­

spondin11: decrease in the energy of the fuel gas. It should be noted 

that a constant amount of energy is set aside to provide fuel ga~ 

for the dryer.In this case it is a speci2lly designed dryer and 

approximately 1 .600 Btu are required per pcund of water removed. 

The energy in the net fuel £3S is t' 3t available after the dryinp; 

requirement has been s~tisfied.The energy recovered 2s pyrolytic 

oil increases slightly as the char yield increases from 'lO to 2) 

percent,and then decreases at higher char yields. 

The gross energy recovery in the form of productc is approxi­

mately 95 percent of the energy in the dry feed.The higher heati::-lg 

value normally associated with a blend of pine sawdust a.n:t hogged 

bark is 8.?CO Btu per pound of dry feed.Note in Figure 3 that the 

sum of the energies of the products at 10 p2rcent char yield is 

8.260 Btu per pound of dry feed. 

T11e energy distribution curves shown in Fi_gure 3 point out 

the flexibili1:£ of the Partial Pyrolysis process.The sytem can be 

controlled to maximize those products of greatest value or to match 

the sytem to on-site requirements. 

The distribution of energy among the nroducts also V8ries 

with the tyPe of feed material .Data are presented in Tahle 1 fa:· 

pine-tree-top chips,a blend of pine sawdust and hogged bark.They 

are obtained from measurements at a commercial plant and various 

pilot plant tPsts also.Shown are the heating values of the innut 

1 
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feed~,mass yields and energy yields.The ~d'tion of the energy con­

tained in the char is approYimately the same for all of the feeds 

at the same char yield.However at a char yield of app~oximaT.ely 

20 percent.the energy recovered as pyrolysis oil was highest for 

the chips and lowest for the bark.As exspected,the value for the 

mixture of sawdust and bark lies between these two.The highest char 

yield obtained to date w~s 45,7 weight percent from a bark feed 

stock. 

An initial study aiso has been performed on the minimum 

char yield obtainable without encountering slagging conditions. 

The data from this study ,obtained from a 72-hour pilot plant run 

on pine chips.are presented in 'fable 2.Two models of operatio:i 

were studied in the once-through mode, the materi~.J. made a normal 

single pass through the unit.In the recirculation mode,the char 

output was increased to an equivalent 20 percent yie]d and screened. 

The coarse particles were reinjected into the unit with fresh feed 

material and the fine char and ash passing the screen were remo­

ved .A chP..i: yield of 8. 2 percent was obtained in the once-through 

mode.With recirculation of char,the net yield(fines passing the 

screen)was lowered to J.8 percent.Even at low char yields,the unit 

was operated as a pyrolysis system with an oil yield only slowly 

below that obtained on pine-tree -top chips(Table 2)at a 20 per­

cent char yield.Char recirculation simply offers another option 

with efficient conversion of wastes to gas and oil with 4 minimum 

amount of char.This technique can also be used to avoid slagging 

conditions in the converter bed and ohtain low char yields when 

the ash content is high. 

The latter effect becomes of great importance for the pyro-

lytic conversion of some agricultural wastes which have incorpo-

1 



i 
I~ 

12 

rated a high degree cf inorganic non-combustibles. 

TABLE 1. 

S~~ARY OF MASS AND ENERGY DATA FOR PYROLYSIS OF SEVERAL 

Item Units 

Higher Heating Value Btu/lb df{a) 

Moisture Content (Wet 

Basis) 

Mass Yield 

Charcoal i(b) 

Oil %(b) 

Fuel Gas i(b) 

Energy Yield 

Charcoal Btu/lb df 

Oil Btu/lb df 

Fuel Gas Btu/lb df 

a Btu per pound of dry feed 

b Percent of dry feed 

WOOD FEEDSTOCKS 

Pine-Tree-
Top 

Chips 

Run A Run B 
8935 8935 

5.7 5.8 

20.5 25.6 

34.6 31.9 

76 71 

26.31 3412 

3498 3174 

2470 1987 

Wcod Feedstock 

Blend of Pine 
SaWC:ust 

and Hogged Bark 

Run A Run B Run C 

8837 8609 8663 

1.4 .5 13.5 

20.5 24.4 38.2 

19.2 23. 7 17 .5 

103 103 111 

2768 3311 4664 

2179 2249 1076 

3067 2953 2222 

Hogged Pine 
Bark 

Run A Run B 
8912 8801 

12.2 7.4 

18.9 45.7 

7.8 '12.8 

116 88 

2422 5718 

834 1235 

5250 1316 
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TABLE 2. 

SU"'1ARY OF DATA fOR ~lflHtJM CHAR YIELD 
TESTS OU PINE CHIPS 

Operational Mode 

Once Through 
Re:i rculation of 

Item Units Run A Run B Screened Char 

Injected Air lb air/lb dry feed 0.56 0.69 0.92 

Maximum Bed 

Tempera~ure or 1865 1885 2065 

Mass Yield 

Charcoal % of dry feed 10.9 8.2 3.8 

Oil % of dry feed 25.3 32.3 30.7 

Fuel Gas( a) % of dry feed 119.8 128.5 157 .5 

Energy Distribution 

Charc:oal % of dry feed 16.7 12.2 5.4 

Oil % of dry feed 28.0 36. l 33.2 

Heat Losses ( b) % of dry feed 4.6 4.6 4.6 

Fuel GasCa) % of dry feed 50.7 47. 1 56.8 

a Computated by difference 

b Asst111ed value ba·;ed on pre•1ious data 

------- . 

1 
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"· END USE MARKFI'f. AHD APPLICATIONS FOR THE PRODUCTS 

OF THE PARTiAL PYROLYSIS 

In general the martet value of all pyrolytic products will 

depend on the degree , of' mee-~ing the 11pecif'ications. Presently there 

are not yP.t commonly acknoledged standards or norms available in 

any country.However industry and traders in wholesale as well as 

the retailer will set their own requhrnents. 

'l'hererorei before setting-up a new venture the market goals 

and the marketing strategies have to ~e investigated car~~Jlly. 

Observing these basic rules will prompt a profitable business 

in an market with an unusual path of increase for the next decade. 

IJ.1 Charcoal Briquettes 

Early man found out already that charcoal is an excellent 

smokeless fuel for cooking food.Besides of this it can be carried 

far easier than fire wood. 

Since then charcoal cookery made its move from the cave to the 

public s~uare,the patio and to the backyards,beaches and camp­

grounds in the industrialised countries. 

Last year the amount of charcoal sold for leisure cooking 

in ?lort.h America and European countries exceeded well the 1 . 8 

Mio tons mark .Market forecasts for the year 1981 predict 

a riae of 9 - 10 percent. 

During the passed fifteen years the charcoal briquettes h~s 

gained grnund against the traditional lump charcoal and makes up 

approx.:mately 75 percent o:t the above mentio:-ied amount of charcoal 

already. 

One of the reasons for this progre6s of the briquette is the 

fact that consumers are becoming aware that charcoal briquettes 
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provide longer burning times than the lump charcoal.With the high 

prices for all fuels ttiis consideration becomes more and more 

important for the retailer and the depari;ment stores. 

But there are other reasons also which influence the choice of 

the consumer: briquettes can be han~le-! cleaner and the dosage due to 

the uniformity of the product is easier. 
• 

Today modern charcoal industry has learned to stretch the 

heating time of briquettes by adding energy extenders which release 

the heat slowly but steady. 

For the charcoal producer however it is most important that 

charc~1 'h;..,·iQUet'tes can 't-e made from any raw material, wheras lump 

charcoal can be. produced from woo1 of a certain size and diameter 

only. 

Normal spec'fications of charcoal briquettes ares 

Ashes 8 % 

Energy extender 12 % 

Moisture 5 % 

Binder 6 % 

Fixed carbon 55 % 

Volati ,_es 14 " 

Shape pillow 40 x 50 x 25 mm 

Figure 4 shows the typical charcoal briquettes being demanded 

by the consu:rier markets today· t:ies ides of the pillow hriquette 

other forMF: are in uses small bricks.oblong shapes,etc.No one of 

these forms has reached the market potential of the pillow. 

Since several years another form however is gaining market mo­

ment·.11n rapidly. An extruded product of a length of 4o • and a diamater 

of 22 mm consisting ~fa high grade char with special binder and 

henceforth very high heating value also. 'lbeae 10 called "extrudatea" 

are made ror producer gns ~asifers. The gasifier 

1 
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-engine has beer improved during 7.he last years and serves in 

trucks, agr5_cul tural machine:: e-.nd also urovides the fuel eas for 

rnany electric generators ,esnecially in developing countries. 

FTr..tlRF. h. 

Pillow Briquettes 

4.2 Converter Char: 

This is the charcoal as it is released from the pyrolytic con-

verter.It consists of a more or less ~o~~se material .Outlets for 

the converter char can be found to many industries. 

In the first place manufacturers of activated carbons will 

show interest in the converter char,if produced fr0m certain raw 

materials, for instance nut !~hells .Activated carbon is a product 

with great variations and it is used by the filter industry for 

water purification,gas cleaning,solvent recovery.it has ma~ifold 

applications also in the chemical and petro industries. 

Therefor it is not possi~le to summarise all the different 

specifications and requirements the raw material converter char 

must meet. 

Most recently several processes for the production of pig 

iron with charcoal fines hcive heen developed and are hei11.g- com­

mercially introduced now.The importance of these nrocesses for 

1 
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the future cannot be overlooked. I~ certainly will become a market 

with great potentials for all developing countries engaging in 

steel production, but without having the necessary mineral coal 

deoosits. 

The classic example is Brazil where approximately 2.2 Mio tons 

of charcoal are being ccnsumed by the iron industry annually. 

Other aoplications for the converter char may he found in the 

animal feed stuff industry(additive), tohacco industry (cigarette 

filter), pharmaceutical industry, etc. 

4.3 Pyrolytic Oil: 

Tyoical data for a~ oil produced from wood waste are Pre-

sented in Table 3. Note the moisture ~ontent is 2611/o. Normally, the 

condensation process is operated to provide an oil with a moisture 

of about 20 percent. 

The water contained in the pyrolytic oil serves to lower the 

viscosity for improved handling and atomization and it appears to 

enhance combustion. At 26% moisture, as shown in the Table J, the 

heating value is 9,081 Btu per pound, or aooroximately 90,000 Btu 

per galJon which is 60% of the heating value of No. 6 fuel oil. 

This is an importm1t fact for all applications where the oil 

is utilized as fuel in burner chambers to produce steam. 

The pyrolytic oil is corrosive to mi~d steel, but the corrosion 

rate is a fraction of a mild per year for 304 stainless steel 

and copper. 

Bes~des of the fuel value of t~e pyrolytic oil it represents 

a valuable raw material for the chemical industry also. Depending 

on the raw material mix and species it contains several hundred 

chemical compounds. Some of t~e mosc commercially utilised ares 
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TABLE 3. 

TYPICAL DATA Fmt OIL FROM PYROLYSIS 
OF BLEND OF P IHE SAWDUST AND HOGGED BARK 

lt81 Units _ _yalu_e __ 

Chemical Canposition 

Carbon S by weight 49.4 

Hydrogen s by '-?ight 4.7 

Oxygen S by weight 19. 7 

Nitrogen S by weight 0.16 

Water S by weight 26.0 

Ash S by weight 0.04 

Viscosity 

@ 68°F ssu 276 

it 100°F ssu 114 

it 150°F ssu 90 

Hi9~1er Heating Value Btu/lb wet oil 9081 

Density lb/gal 9.88 to 10.27 

Flash Point (open cup) "F 262 to 305 

Pour Point OF +2 
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?Cetic a~i~.methanol,phenoles,creosotes,tar.They all have their 

firm markets in other industries like food,paint and wood preser­

servation.(Table 4). 

Hig~. attention is paid to the methanol fractions of the pyro­

lytic oil today. These are an excellent alternate fuel for cars 

and can be blended with regular gasoline up to 17 percent.Engines 

utilizing pure me~hanol are past the developing status already. 

The breaking down of the oyrolytic oil in its comoonents 

naturally affords sophisticated destillation syste~s.Therefor it 

is done by the larger charcoal producers only in industrialised 

countries .The small enterprise limit their activities to .,re simple 

operations with surprisingly good co~-piercial results. 

4. 4 ileating Gu : 

In most cases part of the gas from the ~artial Pyrolysis 

process is burned to su~ply the heat to the raw feed dryer and 

to the dryer of the briquetting plant. 

Studies have also been made of the use of the gas as a fuel 

for an internal combustion engine .The power output of the engine 

was slightly over 60 percent of the engine's output with gasoline. 

Calculations !u.•ve shown that it is reasonable to expect that 

the heating value of fuel g:;l_s can be increased to about 400 ~tu 

per cubic foot, so that engines alr1c-ady developed fO#'- Bio-gas can 

be used.These modifications would involve removing all of ~he con­

densible fractions fr1m the gas and reducin~ or eliminating the 

process air. 

Preliminary estimates have indicated only a small penalty in 

energy with incineration of the low -energy-content liquid efflueent 

produced in this case. 

1 



I. 

'ln - .... ..., -

TABLE If. 

Char coal and by-products 

Product 

Charcoal, lump 

Charcoal, granular 

Charcoal, dust 

Pyrolytic oils 

Wood gas 

Wood vinegar 

Wood tar 

C.rude methanol 

Solvent 

Methyl formate 

Methyl acetate 

Acetic acid 

Propionic acid 

Butyric acid 

Raw material 

hard wood, 
soft wood 

charcoal, lump 

charcoal, lump 

'hard wood, 
soft wood, 
ag=•-cultural 
wastes 

hard wood, 
soft wood, 
agricultural 
wastes 

hard wood, 
soft wood 

hard wood 

wood alcohol 

wood alcohol 

crude wood vinegar 
+ crude methanol 

crude wood vinegar 
+ crude methanol 

crude acetic acid 

crude acetic acid 

crude acetic acid 

Application 

activated carbon, ferro-silico~ 
grill coal, metal working, 
sodium cyanide, carbon disul­
fide, Sweden steel, silicon 

activated carbon, additive to 
animal food, fillings compound 
for bottled gas, hardener 

activated carbon, lining of 
moulds in metal foundries, 
production of briquettes, 
cementation granulate, 
pyrotechniq'..le 

fuel for steam boiler furnaces, 
solid fuel fired engines, 
metallurgy, fire brick fac­
tories, etc., raw material for 
chemical industry 

heating gas for all types of 
operations using solid or 
liquid fuels, gas engines 

preservation and flavouring 
of meat and sr •. .>lted fish, 
perfume and aroma industry 

rope industry, veterinary 
medicine, pitch, creosote 

methyl acetate 

cellulose esters and 
agglutinants, synthetics, 
laquers 

cellulose esters and 
agglutinants, synthetics, 
laquers 

cellulose esters an1 
agglutinants, synthetics, 
laquers 

chemical, pharmaceutical, 
food, convenience food, 
rayon, textile and film 
industries, vinegar 

pharmaceuticals, flavour 
and f ragrancies 
pharmaceutical and perfume 
industries 
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5. THE INTEGRATED PARTIAL PYROLYSIS PLANT 

The term "integrated" designates a concept of a Partial Pyro-

lysis project incorporated into an existing system to serve the 

domestic economy to the hi~hest degree. In other words the ne~ 

plant is being designed to make optimal ~se of available raw 

material resources and the finished oroducts. 

Since charcoal, pyrolytic oil and gas are easy tr 

energies it is not necessary to build the plant near to 

rtahle 

·eady 

existing industries. In reality pyrolytic plants are normally erected 

closer to the raw material source rather than to the customer 

site. This saves some of the tran8portation costs hecause the hulkJ 

feed undergoes sizable reduction during pyrolytic conversion. 

Examples for interlocking industries are given in Figure5. 

A pyrolytic plant may deliver its char to an activated carbon 

producer, setting aside the portion for its own briquetting 0per-

ation for export, and at the same time supply a brick factory, 

particle board plant, distilleries, etc. with pyrolytic oil to 

fuel a steam boiler or a burner, as in the case of the brick factory. 

The attached Figure 5 can convey only some ideas. It has heen 

found that the combinations vary from country to country greatly 

and it has to be sorted out what is feasihle and what is not. 

There are in use many Partial Paralysis Plants in industrialized countries 

which tend to employ auxiliary steam hailers, to he fueled with 

the total amount of off-gases without going into condensation 

oper'3.tions. 

The produced steam then is sold metered "over the fence" to 

adjac~nt industri~s. 

Tests have also been completed for the usage of pyrolytic 
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FIGURE 5. 

Charcoal 
VariouF ueeF 
Bs.rbeque briq. 
Pi1a rmaceu t . 
:tteta 11 urgy 

ElC'iettne­
Industry: 
Distillerief' 
Sugar 
CottCMl bin 
Wood extract. 
Ore refinery 
Pulp + psfer 
Particel Board 
Wood induetry 

etc. 

fully Integrated Charcoal Production 
with four Carboniz~r Units 
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oil for the usage in cement kilns .For several mor.hts kilns were 

fired with a blend of No. 6 fuel oil (20 percent).In anothe_ test 

series the same oil produced from an equal raw material mis was 

fir~d to several No. 6 fuel guns in a lime kiln. 

Both tests proved the feasibility and demGnstrated the great 

potentials of thr "integratioh" for all countries. 

A Partial Pyrolys!s converter can be consider"'d as ~ principal 

gas generator yielding part of the energy input as solid fuel.Also 

an activation carbon kiln undertakes basically the same functions. 

Therefor the combination of both 0perations will represent a 

powerful gas generator,as demonstrated in many plants. 

Therefor thorough considerations have to be ma~e in advance 

to prove the feasibilty of such an integrat~d concept.Otherwise 

the planner is running the high risk that the available energy can 

not be utilized reasonably.The consP.quence will be waste of energy, 

henceforth depressing the economic£ of the plant. 

5.1 Plant Capacity: 

The term Partial Pyrolysis process is 3ometimes misleading 

and will be associated with large scale production,labor saving 

techniques and sophisticated equipment.In a real sense however it 

distinguishes traditional methods of charco~l making from high 

energy efective processes. 

The equipment for the Partial Pyrolysis process c~ he de­

signed to serve the small business ::is well as the very large producer. 

It also can be designed for manually operated plantfi,if it is 

desirable,as well as for the full continuous operation. 

· ·It is ,gener~lly ::ickno·~ledged that the most economic plant 

sizes will range between an input capacity of .5 and 7.0 tons 
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per hour dry feed. For production throughputs of abovl? 7.0 tons per 

hour the converter has to be modified, differing very much from 

the model described earlier, also manual operations are not more 

feasible. 

During many years of experience in different cour.tries it has 

been found, that the investment costs cannot be brought in line. 

The expenses for engineering, equipment costs, etc. vary greatly 

from countJ_·y to country. Therefore the plant ca.pacity will not be of 

great influence for the initial costs. 

On the other side a pyrolysis plant can use second hand equip-

ment very well.The longtime producer tends to purchase in advance 

this equipment for further expansion •. as soon it becomes available 

on the market. 

The write-off of the investment costs of a well planned pyro-

lysis operati0n should usu21 ly not exc·eed the period of eighteen to 

twenty-four months. 

Looking at the energy balance which the traditional charcoal 

maker with the Earth Mound method can achieve, he will not recover 

more than 15 - 17~ o! the total, contained in his raw material. 

The ones who are using a more advanced technology - Beehive 

kilns, Reichenbach furnaces, retorts - their energy halance sheet ,..;_11 

look better compared to the F.arth Mol.Uld builder. In optimal situations 

h~ may achieve J5-3~ of the energy input. 

Due to the fact that the Partial Pyrolysis plant is designed tor 

the ccmplete by-product recovery.well insulated and set-up to an 

integrated concept the highest energy yields can be expected. 

Some of the plants are displaying regular results by topping the 
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the 87 percent bench mark. 

For many yea~s the common belief even in the Forestry Depart­

ments prevailed,that charcoal making is to blame for the steady 

source depletion and the recess of the forested areas in many 

countries .Al thougl. the existence of a very large scale charcoal 

industry in industrial countries prowd controwraial, only recent 

studies in developing countries seem to ...... e corrective. 

However it is obvious that the Earth Mound huilder does a 

very bad j0b and ~is axe cuts deeper into the forest eft!T yeu as the 

demand for charcoal is growing.On the other s5de the firewood 

cutter of the village,the goat and sheep herder are doing the 

same harm to precious resources and continue to deplet them. 

Therefor it is of importance to point out to the state and 

industrial planner,the forester and resource conservator,the pri­

vate entrepreneur, that there are technologies readily availabi.e 

for the utilisation of so far un+,apped reserves whiith ca~ ~Je empl-

oyed for the benefit of many people ,to close errrgy gaps and 

retrieve very much needed hard currency on the other side. 

It is also most important to emphasize the fact that these 

techniques have been proved economic value and technical feasi-

bility by producing millions of tons of transportable energy. 

·-------·----
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