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Research and development work on producer gas generators as well as l

: tests of tractors and trucks operated on producer gas has been done by,
i

The Netional Machinery Testing Institute of Sweden since world wer IT.

The latest test period started 1975. One of the participating trucks

has been driven more than 180 000 kms without an engine overhaul.

Spark ignition engines are fully converted to producer gas. Compres—
2

siocn ignition engines are operated on dual fuels, e.q. a small amount

of diesel fuel is injected for ignition purpeses.

The brake horsepover performance will drop with 25 to 30 % while
operating on producer ges in comparison with regular liquid fuel

operatiocn,

=4

diesel engine with a cylinder displecement of 3,5 liters and mounted
in & tractor will burn 12 - 16 kgs of chipped wood per hour and use

0,9 - 1,15 liters of diesel fuel for ignition purposes.




Iniroduction

The function of a generator operated on chipped wood is illustrated in

figure Ko. 1.
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Figuré_ﬁ5. 1., Wood gasification,

. In the combustion zone carbon will react with oxygen from the air and form
‘carbon dioxid (002) as well as carbon monoxide (CO). During this period water in
1

the fuel (chipped or cubed wood) will vaporize.

Under the combustion zone and below the hearth is the reduction zone.

It consists of incandescent pieces of charcoal; and the gas passing through this

layer reects with the carbon and the following reduction occurs: Carbon dioxide

(002) will be reduced to carbon monoxide (CO).

Water wvapour (H2O) will be reduced to carbon monoxide (CO) and hydrogen (H2).

i
The producer gas consists of carbon monoxide and hydrogen together with g

other combustible components such as a small amount of methané and heavy hydro-
|

carbons,
i
The non-combustible components are nitrogen, carbondioxide and water vapour.

The residues after reduction consist of ashes and scot. A typical analysis of

rroducer pas from wood with a moisture content of 12 - 20 % would be:




Cozoustible components {volume %)

lerbon monoxide (co) 1T-22%
Zyirogen {HE) 16 - 20 %
‘etrLane (cH,) 2-3 %
Z2avy hydrocarbons (CnHm) 0,2 - 0,4 %
fonzcomtustible components

Czrbon dioxid (002) 10 - 15 %
Zitrogen (Nz) b5 - 50 %

A common layout of & producer gas generator connected to a tractor or a

truck 1s shown in figure No.-2.
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Figure No. 2. The layout of the installstion of a
producer gas generator.

Ctio Engines (sperk ignition engines)

During world war II the import of liquid fuel was very, very limited to

€p]

veden, Series of experiments were then started in order to find suitable
substitutes for ligquid fuel. The most encouraging results vere made in the field

of converting spark ignition engines for producer gas operation.

An irpressive developmental and experimental work was performed in wbilizing

xisting European knowledge of producer gas production. By the end of the war

D

arrroximately T0 000 buses, trucks, cars and tractors were running on producer
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gas. Some engineers estimate that more than 5 000 different designs of gasgene-.

rators were available. Three trade names of producer gas generators dominated

the trade. Those were Swedlund, Kdlle and Imbert.

Encine modifications

i

_tion the following alterations were done:

1. The compression retio was increased

2. The intake manifold weas modified on engines designed to use
kerosene as & fuel '

3. The spark plugs were changed to suit the increased compression
ratio

L, The ignition Timing was advanced.

The compression ratio of a multiple cylinder L-head engine was as a rule

increased by slicing and planing the lower surface of the cylinder head. In some

‘cases the cylinder heads were replaced in order to reach an accepteble compres-—
sion ratio. Valve-in-head engines were given increased compression ratios by
rounting suitably modified pistons. The compression ratio ought to be in the

“interval 1:7 - 1:10 when operating spark ignition engines on producer gas.

in order to decrease the preheating of the air/fuel mixture. As a rule an intzke

t

manifeld designed for gasoline operation replaced the one for kerosene. The in-

‘take manifold of engines running on gasoline was suitable for producer gas

}

i r %
-operation without any changes.

In order to prepare & reguler spark ignition engine for producer gas opera-

The intake manifold of engines previously operated on kerosene was modifieﬁ

i
|

t
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Yo. b the pover output of the engine will decrease and the char coal jacket of

If the diameter of the hearth will be made smaller than shown in figure

HEARTH DIAMETER, MM

Figure No. 4, A suitable diameter of the generator hearth
TTTTTTTT e with respect to the cylinder displacement of
B — ~ the engine. Th& graph is valid only for four-

%%%%%%% _”%peed'réngéﬁbf'i’SOO”:"Q"OOO rpm when operated
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“stroke spark~igniﬁion"tract0r'engines with a

on woodgas,

ihe generadtor.is likely to be disturbed, If the diameter of the hearth will be

zade bigger than illustrated in fugre No. 4 the tar content of the gas will

bds

acr

ease, particularly during light load operations.,

¥ood consumption

The w
Birch. The brake-specific fuel consumption was determined to 0,9 - 1,0 kilogram-
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ood used in the generator was cubed (apfr, 2 x 2 inches) spruce and E
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ment of 2 to 4 liters when operated at full load. When wood of a moisture

15 % was used, the following brake specific fuel consumption was

stermined at different engine loads:

0,9 - 1,9 kg/hph

L~ 3,1 %
BB = g
1,2 -1,3"
1,8= 10"

The consumption figures have been calculated during regular dynamometer

-
]



Trpines (Compression ignition engines)

(Y

sz

Trom 1952 to 1967 most of the Swedish farmers och truckers switched from
=—=-% igrition engines to compression ignition engines in their tractors and

=xwexs. During the period 1965 to 1980 8ll new tractors delivered to Swedish
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Due to the replacement of the spark ignition engines with the diesel engines

in Swedish agriculture the National Machinery Testing Institute started an

exzerimental wofk in the ebrly 1900£h to investigate héw %o Operate diesel

eccines on producer gas.

A conversion of a Diesel engine to producer gas operation is in general !
-—ore tedious than a conversion of an Otto engine. The conversion can be made

ccording to two different principles.

1. Producer gas operation by adding a spark ignition outfit, which
_ _ _ ___ will result-in.a single fuel engine.

2. Producer gas operation with compression ignition which will require 'two3
“zels. Diesel fuel is uszed to an amount of 10 - 15 % of the regular quantity and

<he rerzining energy requirement of 85 - 90 % will be covered by producer gas.

The first method is more expensive and tedious than the second cne. The
“irst method will allow a diesel engine to be both started and operated on i
rroducer gas. This method was studied and investigated by the Tes ting institute
o= 1957 to 1963 with respect to the selection of compression ratio, suitable |

park ignition timing and fuel consumption.

%hen converting a diesel engine asccording to method no 2 a certain amount
of diesel fuel is required for the ignition of the mixture of producer gas and i
zir. The consumption of liquid fuel for ignition purposes is of course a dis-
3vantage in all countries that have to import liguid fuel. The advantage in

=zarison with method No. 1 is a considerably cheaper engine modlflcatwon,

==1ller power losses and improved starting abllltles, Diesel engines with a
Sirect fuel injection system requires no other modifications then a resetting of
tke fuel injection pump to decrease the injected amount oP fuel to only 10 to
i5 % of ihe regular quantity at different engine loads, and speeds. Diesel englnés
=itk a direct fuel injection system has proved to be very suitable to convert to

==l fuel operation.

°



Diesel engines with different types of precombustion chambers and diesel
engines with different types of air turbulence systems require engine medifice
tions in order to perform acceptably on dual fuels. It is very doubttiul from ¢
practical point of view to convert a diesel engine with precombustion chambers
to dual fuel operation. The Swedish research show both higher engine conversic
costs and poorer performance of a diesel engine with a precombustion chamber

than those of a diesel engine with a direct fuel injection system.

Results from dual fuel operations of diesel engines in tractors end

tfucks
i
i
|

finstitute and in practical work.at-the premises of Swedish. farmers och trucker

mvelve tractors, six trucks end & bus have been tcsted since 1961. The tractor

;have been operated in regular farm and forestry work for more than 15 000 hour
" and the trucks have been driven more than 677 200 kilometers. A regulsr test

:truck has covered 185 000 km since 1975 without sn engine overhaul. The lubri-

. cating oil consumption of this truck is negligable &nd the power performance )

-still acceptable.

Table 1. A diesel engine with a cylinder displacement of 6,2 1 (b cyl.)
fully loaded in a dynsmometer. Compresseion ratio 16:1, Mounted
in & truck. The heat value of the producer gas was 1 315 kcal
per normal cubicmeter (ng)

Engine Power -Effec- Spec. fuel consumption Diesel fuel for ignition
speed output tive Producer Diesel Spec. g per % of total
mean gas . fuel for heat Nmd pro- heat con=-
pressure ignition consump- ducergas sumption
5 3 tion
rpm hp kp/cm Nm~/hph  g/hph kcal/hoh
2000 BT 6,05 1,31 2h,k 1975 18,7 12,5
i .
2200 86,1 2465 1,38 25,5 2075 18,5 12,5
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Table 2. A diesel engine with a cylinder displacement of 3,6 liters

(L cyl.) differently lo

2
aG

was 1 300 kcal per normal cubicmeter (¥m3).

ed in a dynamometer. Compressicn ratio
17:1. Mounted in a tractor. The heat value of the producer gas

Power Engine Engine Effec- Brezke spec. fuel con- )
" . Spec. heat
speed  load tive sumption .
: - consumption
_mean  Producer Diesel fuel B
. __ _pressure gas  for igmnition
hp rpm 7 kp/cm® N3 /noh g/hph kcal/hth
39,4 1600 100 6,15 1,238 36 1950
2359 1800 85 L ,65 1,25 L3 2050
29,6  18Lo 75 4,0 195 48 2230
19,7 1890 50 26 1,80 63 2970
2.9 1920 = -1,3 - 5270

Driven Load Average  Wood consumption Diesel mbient Moisture
adistance .. . - speed fuel for air. Tem~ content
ignition perature of the
kgs per kgs per & wood
km kgs kms/h 10 kms ~ hour zer 10 kms c %
Truck  No. I |
506 5600 L9 6,6 32 0,L6 + 5 23,5
Truck No. IV
748 9000 L6 8,9 49 0,63 -0 12~15
Truck No. ¥
197 21000 L7 10,5 50 0,88 - 16-18

25

13

Test results from practical work

Table 3. Trucks driven on regular tarmac and gravel roads.
Powered with dusl fuel,

Table L. Hours of operation and fuel consumption when using dual
fuelled diesel engines (3,5 liters) in tractors during
regular farm work. '

Trector Hours of Fuel consumption
operation Wood for producer gas Diesel fuel
for ignition
No. Hours kgs/hour liters/hour liters/hour
15 3500 12-16 appr. 50 0,9 - 1,15
b 1540 6-10 4 30 0,9 - 1,15
II1 1900 12-15 " 50 6:9 = T4
NI . 2000 - 12%15 " 50 0,95 - 1,15
VIII 1950 13 L b5 0,87

O .
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Figure FNo. 5. Max. power performance at diesel and dual fuel operations
Diesel engine, 3,5 liters cyl.displ., mounted in & tractor. |
Diesel fuel for ignition: 29 g/Nm3 producer gas.
Heat value of the producer gas: 1 300 kcals/Nm?’.
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Figure No. 6. Max. power performance at diesel and dual fuel operations,

Diesel engine, 6,2 liters cyl.displ., mounted in a truck.
Diesel fuel for ignition: 12 - 19 g/Nm3 producer gas.
Heat value of the producer gas: 1 315 keals/Nm3,
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== fuel consumption of the tractors fitted with 3,5 liters diesel engines

SS=teced 12 - 16 kgs wood per hour and diesel fuel for ignition purposes at a

==-= o= cne liter per hour. The tractors developed appr. Lo bhp at the pto. The
"====cace 01l was changed at the same intervals as during regular overation on

BRE=2S fuel. The amount of corbustion residues the lubricating oil will have to

=czerse will vary with the efficiency of the producer gas cleaning systems.

gBSers g2s cleaners working with glass fibre fabrics as filter elements have

£=owed Lo be very efficient and reliable._

“he wear of the cylinder walls will not exceed that of general diesel-

= L=

BE_nrmance gs long as the gas 'cleaners are Properly serviced and adequately

EROnEs-ned., e

“he fuel injectors have 21l had a very reliable performance in spite of
e ===1) arount of fuel injected for ignition purposes. The service required

SSE=1s that of regular diesel operation,

The time required for daily maintenance of the wood powered engine will
Emereace with approximately 20 minutes before the work can start and appr.,

5 =imutes for service after the working hours have elapsed,



Gengas - Sveriges enda inhemska motorbrdnsle vid avsparrning
under 80-talet

iy s
i

SEETENS

Ingress. Peter Lennby har i en artikel 1 Sv Dagbladet den 26 nov .
rikat vidarebefordra vilseledande uppgifter om gengasdrift av moderna

lantbrukstraktorer.

Beredskapsﬁianeringen inom energiomrddet har dels genom de véald-
samma prisstegringarna pd petroleumprodukter, dels ti11 foljd av
den okade politiska spdnningen i virlden blivit foremdl for allmdn
uppmirksamhet i vdrt land. En viktig del av denna planering avser
dtgarder for att ersdtta bensin och motorbrinnolja med inhemska

branslen.

Tvd olika planeringssituationer

De v&ldsamma prisstegringarna pd vdrldens petroleumprodukter har
starkt forsamrat svensk industris internationella konkurrensformdga
och starkt fordyrat svensk Tivsmedelsproduktion. I planeringssituation

nummer ett soker Sverige tillsammans med en rad andra lander efter in-
hemska alternativ ti1l importerade flytande petroleumprodukter for att
bl a den vigen bidraga til} 5kad internationell konkurrenskraft hos
cvenska varor och tjinster. Hdr fordras dels ett systematiskt sokande
efter ny kunskap, dels ett mycket kostnadskrivande, mdImedvetet,
energiskt och ihardigt experimentellt arbete med att producera flytande
motorbranslen ur svenska ravaror t ex oljeskiffrar, torv, vedrdvara
och lantbruksprodukter. Forst 1 slutet av 1990-talet kan facit finnas
ti11gsngligt. Det dr mycket angeliget att dessa experiment och under-
stkningar gérs. De kommer att ta tid. Det ir heller inte sjdlvklart,
att Sverige lyckas i den hdrda internationella konkurrensens, som:
van forutses for substitut till flytande petroleumprodukter.

Den nuvarande politiska spanningen 1 virlden skapar en helt annan
p]aneringssituation. Det dr fa ldnder forunnat att kunna vdlja tid-
punkt for att realiskt prova hur samhé?]smaskinériet fungerar i en
s&dan situation. Det handlar namligen om pianeringssituation nummer tvd.

nir handeln Gver vira granser dr stoppad i bdda riktningarna. Det rdder
forhojd beredskap i landet, och delar av krigsorganisaticnen ir kanske
mobiliserad. Viss begrdnsad lejdtrafik kan m6jligen finnas. Av de
cubstitut som under hela 1980-talet kan komma ifraga for inhemsk produk:
tion av drivmedel i tillrdcklig omfattning &r gengasen alltjamt - liksor
under andra varldskriget - det ersdttningsmedel, som en svensk bered-

skapsplanering mdste bygga pd.



ish Testing Institute for Agricultural Machinery, Fublished 1957.
name of the institute was changed 1975 to The National Machinery
ng Institute).

A mimiographed report in Swedish: "Gengasundersdkningar vid

ens maskinprovningar 1951 - 1962". Mimiographed 1963.

A nunber of typed internal reports written at The National Machinery

ng Institute from 1974 to 1980.
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Forskningsorganisation _

Den snabbt ckade motoriseringen tillsammans med att ottomotorn
(férgasarmotorn) helt har slagits ut av dieselmotorn i traktorer,
lastbilar och bussar har emellertid krdvt nya forsknings- och ut-
vecklingsinsatser inom gengasomrddet. I detta syfte inleddes ndstan
omedelbart efter andra vdrldskriget ett samarbete mellan ddvarande
Riksnamnden for ekonomisk forsvarsberedskap och Statens maskinprov-
ningar. Sedan dess har Statens maskinprovningar svarat for forekommande
statlig forsknings- och utvecklingsverksamhet for gengasdrift av moderna
dieselmotorer. Riksndmndens funktion har sedermera Overtagits av

Uverstyrelsen for ekonomiskt fdrsvar.

Gengasverk for traktorer, lastbilar och bussar

Konstruktionerrna omfattar trestorlekar. Genom byte av munstycken

och hdardringar i generatorn och anpassning av renarsystemet kan man f3
tillrickliga variationsmdjligheter. Dessutom finns mojligheter till att
oka brdnslebehdilarens volym for att fd ldngre driftstider.

Gengasverkens komponenter skall kunna byggas ihop till en enhet eller
monteras separat. Betrdffande gengasverk for bussar kommer dessa att

monteras pd en speciell sldpvagn.

Typ Max gasméngd Cy1iqdervo]ym
ca Nm“/h ~ca liter

F 300 25 - 110 2 - 4,5

F 500 60 - 165 3,5 -8

F 700 105 - 220 6 - 11

Statens maskinprovningar har provat de tre aggregatstorlekarna och
deras foretrddare i sdvdl dynamometer som i praktiskt arbete hos
vanliga yrkesverksamma lantbrukare och dkare. Tolv traktorer, sex
lastbilar och en buss har provats sedan 1961. Traktorerna har anvdnts
i vanligt jordbruks- och skogsarbete under mer &n 15 000 timmar, och
lastbilarna har korts mer d@n 677 000 kilometer. En av de provade last-
bilarna har korts 200 000 km sedan 1975 utan ndgon som helst motor-
renovering, Dess smorjoljeforbrukning var liten och dess effekt accep~

tabel vid provningens slut.



Aggregatens funktion har anpassats till dagens dieselmotorer. Som
bransle har anvints industriflis och kubb. Utvecklingsarbetets mdl
har varit att underlitta skdtseln och Oka driftsdkerheten hos gengas-

verken.

Effektforiuster

Om en ottomotor, som i regel finns i personbilar, fullkonverteras
till gengasdrift fﬁrhggyéden 40-50 ¢ { effekt, d v s en motor pd
50 kW kommer att prestera kW, Om en dieselmotor konverteras till

gengas under anvandning av ca 10 % av den normala bransTekvantiteten
vid olika motorbelastningar, kommer den att forlora ca 30 % i effeki,
d v s en motor p& 50 kW kommer bara att leverera 35 kW vid gengas-
drift. Om en dieselmotor med Overiaddare t ex turbokempressor, skall
konverteras till dieselgasdrift sjunker motorns effekt dn mera dn hos
den vanliga dieselmotorn. Turbokompressorn miste f
vilket minskar motorns effekt med ca 20 %. Ddrutdver sjunker effekten pd

samma sdtt som hos den vanliga dieselmotorn med 30 % vid drift pd dubbel-

n monteras bort,

brianslet dieselolja/gengas. Om vi vdljer en modern traktor med en diesel-
motor med Gverladdning pd 100 kW kommer den vid dieselgasdrift bara

att prestera ca 55 kW,

Den ti1lgéngliga effekten hos lantbrukets traktorer har tkat mycket
starkt, sirskilt under de tvd senaste decennierna. Den stirsta remskive-
effekt, som uppmitts hos en traktor vid Statens maskinprovningar dr
1941 var 26,9 kW, (36,6 hk i medd nr 612). Ar 1948 registrerades en

max remskiveeffekt p& 34,1 kW (46,4 hk i medd nr 870). Statens maskin-
provningar kommer vdren 1981 att publicera en redogorelse over en
traktor, som har en kraftuttagseffekt pd 143 ki (194,5 hk), utan Gver-
Jaddning av motorn.

Konsekvenser for fdltarbeten och transporter
Helt klart ir, att de ovan redovisade effektminskningarna orsakar

vissa svarigheter i praktiskt arbete, men de gengasdrivna traktorerna
kommer att klara sina arbetsuppgifter. Det handlar om att vdlja ldgre
vixel, vilket sinker arbetshastigheten -och okar erforderlig tid for att
utfora ett givet arbete, Det gdr ocksd att fdlla upp ett eller flera
skdr hos en f]erskérig'p1og, Tiksom det gdr att koppla ifrdn en harv-
sektion eller demontera ndgra pinnar hos en kultivator, Det finns fak-
tiskt en positiv konsekvens av den sjunkande effekten hos traktorn.
Hjulens slirning kommer att minska., Det blir mém?igén for svenska jord-



bruksforhdllanden battre harmoni mellan tillgdnglig motoreffekt och
hjulutrustning samt traktorvikt vid gengasdrift dn vid vanlig diesel-
drift,

Brist pd anslag
P& grund av anslagsbrist har Statens maskinprovningar inte kunnat

arbeta med att soka lgsningar pd problemet gengasdrift av dieselmotorer
med Overladdning. Hittills har ansvariga personer fir beredskapsplane-
ringen ansett frekvensen dieselmotorer med Overladdning for liten hos
vanliga lantbrukstraktorer. Det handlar &r 1980 om ca 7 000 av lant-
brukets traktorpopulation pd cirka 180 000 stycken. For lastbilar och
bussar dr frekvensen higre. Utlindska Titteraturuppgifter pekar pd att
16sningar kan b1i m6jliga, men det krivs bide experimentellt arbete

och praktisk provning under svenska forhillanden.

Onstdllningstider
Peter Lennby anger omstdllningstiden f&r start av storskalig produktion

av de inom tilldelade resurser utprovade entypsaggregaten till sju manade:
Den tiden kan minskas til] tre mdnader, om statsmakierna fattar besiut

om att investera ca 30 milj kronor i erforderliga produkticnsverktyg.

UEF har begdrt detta belopp 1 sin anslagsframstalining, men varken
regering eller riksdag har anvisat det erforderliga beloppet.

Gengasens risker och nackdelar
Det finns olycksrisker med gengasdrift. Risken for koloxidforgiftning

dr uppenbar. Av denna orsak har sarskilda sdkerhetsforeskrifter ut-
arbetats. Std11- och skidtseltider Gkar i jdmforelse med drift med flytande
bridnsle. Effektminskningen,  Tukten och sotet ir andra nackdelar.

Gengas dr med nu tillginglig kunskap och med nu kinda svenska rdvaror
Sveriges enda praktiska inhemska beredskapsaiternativ f6r motorbrinsle
dven under 1980-talet.



km

Prov under praktis

regi januari-1980.

‘Gengasverk typ
300
F 700
£ 500

under praktiska forhallanden i Statens Maskinprovningars .

ceptember manad 1963 - juni manad 1979.

Gengasverk utfdrande

Maskinprovn Maskinprovn Annat
Volvokonstr

11 500 3 500
460 000 217 200 _
L8 000 275 000 35 000

ka férhallanden 1 Statens Maskinprovningars

Fordon fabr/typ Placering

VOLVO BM 650 Provningsvird, Umed
SCANIA LBS 110 —lte 1.
VOLVO BM 650 -t o
SCANIA L 80 - Maskinprovn.  Umed

Summa

15 000

677 200

358 000



Omvandling av ved {bicmassa)

} kg torr ved producerar i &ngpanna resp angturbin

1
1
1

‘“ kolvmotor driven med metangas
1 I 1t 11 8| metano]
LB} rt 1B} [¥] [N}

gengas

[ gasturin (8] B [}

i olika medier till energi uttryckt i kwh

0,9 kwh
0,45 "
0,23 "
1,30 ©
0,60kwh



