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This paper is the survey of the state-of-the art and prospects of biomass
gasification in Serbia, Yugoslavia. Combustion in small-scale units is
the most common at present. Potentials of available biomass from
agriculture and forestry for energy production are estimated. Prospects
for application of various and forestry for energy production are
discussed. Results of biomass gasification experiments performed at
the Department of Process Engineering at the Faculty of Mechanical
Engineering, University of Belgrade are presented. One concept of
small-scale gasification unit for farms or sawmills is proposed. 

Introduction

Bio mass is widely con sid ered to be an im por tant po ten tial fuel and re new able
en ergy re source for the fu ture. In terms of size of the re source, there is the po ten tial to
pro duce at least 50% of Eu rope’s to tal en ergy re quire ment from pur pose grown bio mass 
us ing ag ri cul tural land no lon ger re quired from food, and from wastes and res i dues from
ag ri cul ture, com merce and con sum ers (Gvero, 1997, Bridgwater, 1995, Grassi and
Brigwater 1991, Kohan, 1981, Van Heek, 1994, Beenakers and Maniatis, 1996). Bio mass 
is atractive fuel as far pro tec tion of en vi ron ment is concered, be cause of the closed cir cle
of car bon-dioxide: car bon-dioxide pro duced in com bus tion pro cesses is used for ox y gen
pro duc tion in pho to syn the sis. 

The com mon us age of bio mass is in small boil ers or furmaces for lo cal house -
hold, or farm heat ing, what is the sim plest and the cheap est way, but unefficient and not
suit able for ex ten sive en ergy pro duc tion. There is a wide range of ther mal pro cesses un -
der de vel op ment from ex per i men tal to dem on stra tion stage for sec ond ary fu els (gas, liq -
uid), or heat pro duc tion. Pri or ity in Eu rope is given to the gasi fi ca tion com bined with
heat and elec tric ity pro duc tion. Two con cepts are in con sid er ation: cen tral ized dis trict
com bined power plants, or small scale gasificators cou pled to boiler or die sel en gine for
lo cal use of heat or/and elec tric ity. 

Bio mass af ter pro duc tion is ma te rial with high mois ture con tent and very low
bulk den sity what re quires ad di tional treat ment (cut ting or grind ing, dry ing and trans -
por ta tion) prior to com bus tion, or its con ver sion to other sec ond ary fu els.The most im -
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por tant source of bio mass in Ser bia is in ag ri cul ture and for estry. The quan tity po ten -
tially avail able for en ergy pro duc tion is eval u ated. Ac cord ing to the pres ent sit u a tion in
Ser bia (investment lim i ta tions, ways of col lect ing, stor age and transportations of bio -
mass), the good es ti ma tions of the re search team of the De part ment of Pro cess En gi -
neering are that the small scale lo cal us age is more re al is tic for near fu ture than big cen -
tral ized  com bined power plants. The fo cus is on gasificators with the out put from 0.1 to
1 MW. Be cause of the num ber of ad van tages, pri or ity is given to the down-draft
gasificators.

Potencial of biomass production 

Bio mass as a po ten tial en ergy re source can be di vided in the fol low ing three cat -
e go ries: wood, ag ri cul ture wastes, pur pose-grown bio mass.

Third cat e gory is not con sid ered in this pa per, as it could be only of hypotetical
in ter est in this mo ment for Ser bia.

There are no ex act fig ures for the amount of wood wastes in Ser bia, but en ergy
po ten tial eval u a tions have been made on the ba sis of the amount of tim ber felled and on
the ba sis of the tech ni cal prop er ties and norms of ma chines for dif fer ent kinds of tim ber
pro cess ing. 

The im por tant fea ture of wood waste is the heating value and it de pends of
wood and the part of plant. Higher heat ing value (HHV) ranges for decidious wood
from 17.3 MJ/kg (d. b.) for pop lar wood to 18.8 MJ/kg (d. b.) for beech wood. HHV of
co nif er ous wood is much higher and it ranges from 19.5 MJ/kg (d. b.) for the fir to 21.2
MJ/kg (d. b.) for pine. These val ues of HHV are given for core of wood and dif fer for
other parts of tree. HHV de creases from core to the sur face for decidious wood and it is
op po site for co nif er ous wood (Danon et al., 1996). 

Amount of tim ber felled in Ser bia, es ti mated on av er age amounts for years
1985 to 1989, is ap prox i mately 4.1·106 m3/yr. (2.8·106 m3/yr. in state owned for ests and
1.3·106 m3/yr. in pri vate owned for ests) (Danon et al, 1996). The amount of wood wastes
de pend on kind of tim ber pro cess ing. For the pres ent tech nique, it is es ti mated that
appr. 63% of to tal tim ber felled in state owned for ests re mind as wastes (1.76·106 m3/yr.)
and 88% for pri vate for ests (1.58·106 m3/yr.). This is con sid er able en ergy po ten tial, but
be cause of pres ent tim ber pro duc tion tech nique, dis per sion of wood wastes and dif fer -
ent fea tures  of  wastes, pos si ble  avail able  amount  for  en ergy pro duc tion is only 25%
(Danon et. al., 1996).

To tal  amount of  ag ri cul tural  wastes  is  es ti mated to be 21.85·106 t/yr. and this
is made ac cord ing to the waste-product ra tio and av er age crop pro duc tion. There is
grow ing im por tance of these wastes as com po nents of cattlefeed, or as row ma te rial for
fur ther in dus trial pro cess ing. Large quan ti ties are burned, or rot in fields and only
5.97·106 m3/yr. (27%) are eval u ated as po ten tials for en ergy pro duc tion. The state
owned farms share in to tal amount with 20% and pri vate farms 80%, but share is 40%
and 60% for en ergy po ten tials. Ta ble 1 gives av er age amounts of cer tain types of wastes
from crop pro duc tion and for estry. The shares of dif fer ent wastes are the fol low ing:
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wastes of stub ble or i gin (ce re als) are 30%, corn re mind ers (stalks, cob) 67%, oil-seed
appr. 3%  (Novakovi} and Djevi}, 1997).

Low heat ing value (LHV) of crop dif fers in range 13 to 18 MJ/kg (straw 15.8,
sun flower seed shall 16.7, corn cob 15.7, corn stalks 16.5 MJ/kg, d. b., etc.) (Raveendran
et al., 1995). As the to tal amount of wastes of plant or i gin which can be used for en ergy
pro duc tion is shown to be around 4.1·106 t/yr. (wood 0.53·106 and crops 3.57·106 t/yr.),
the en ergy po ten tials of these wastes co mes near 1.6·106 t/yr. of fuel oil. This amount is
near to 20% biger than  overal fuel oil pro duc tion in Ser bia (1.2·106 t/yr. in years 1994 to
1997), or al most equal to to tal oil con sump tion (1.56·106 t of eqvivalent oil/yr.) in 1997
(SYB, 1997).

The state at pres ent is that the im por tance of bio mass as en ergy re source is not
ad e quately rec og nized and only the small amount is used, pri mar ily for com bus tion. The
main rea sons for this are the fol low ing: (a) the low den sity and ap par ent den sity of bio -
mass (three to five times less than coal - 0.29 dm3/MJ for corn cobs) greatly in crease the
costs of their ap pli ca tion be cause of the high costs of trans port and stor age; (b) the lack
of appropiate tech nol o gies for the use of bio mass as a fuel in the mar ket; (c) low prices of 
en ergy in the past (d) the im por tance of this en ergy source is still ig nored by state and fi -
nan cial in sti tu tions.
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Ta ble 1. Es ti mated amount of bio mass wastes in Ser bia

No.
Biomass

type

Amount of wastes

Overal amount Energy potentials

Total State1 Private2 Total State Private

(In 106 m3/yr. for wood wastes; in 103 t/yr. for agricultural wastes)

1 Wood 3.34 1.76 1.58 0.84 0.44 0.4

2 Wheat 3525 1250 2275 1700 700 1000

3 Rye 16.3 1.3 15 5.7 0.7 5

4 Barley 230 100 130 110 60 50

5 Corn 17700 2700 15000 4000 1500 2500

6 Sunflower 90 50 40 33 25 8

7 Soya 272 200 72 115 100 15

8 Rape 16.8 14 2.8 7.5 7 0.5

Total (2 to 8) 218450.1 4315.3 17534.8 5971.2 2392.7 3578.5

1 State owned
2 Pri vate owned farms or for ests



Principles of biomass gasification

Gasi fi ca tion is thermochemical con ver sion of solid car bo na ceous feedstock
(bio mass, coal, or wastes) into gas eous fuel which con tains car bon mon ox ide, hy dro gen,
car bon di ox ide, meth ane, traces of higher hy dro car bons, wa ter, ni tro gen (if air is used as
gasi fy ing agent) and var i ous amounts of tar and solid par ti cles (ash, char). Gasi fi ca tion
oc curs at tem per a tures over 500 oC when devolatilized char chemicaly re act with ox y gen
and/or hy dro gen in tro duced by gasi fy ing agent (air, ox y gen, steam, hy dro gen, car bon di -
ox ide or mix ture of some of these gases). Air gasi fi ca tion gives poor qual ity gas (HHV
lower than 7 MJ/m3) which is used localy in boil ers, gas tur bines, or IC en gines. Ox y gen
gasi fi ca tion pro duces a better qual ity gas (10–18 MJ/m3), but be cause of high ox y gen
costs, it is prefered only in case of desulphurization of pro duced gas prior to com bus tion
in coal gasi fi ca tion pro cesses. Gasi fi ca tion with air is widely used tech nol ogy for wastes
and bio mass con ver sion (Bridgwater, 1995).

There are two types of gasifiers more com monly used for small scale gasi fi ca -
tion, as shown in Fig. 1. Fixed bed gasifiers – Fig. 1(a) – are caracterised by ro tat ing grid
which sup ports de scend ing packed bed of sol ids and cocurrent, or conutercurrent flow of 
gases through the bed. In a bub bling fluid bed gasifiers, crushed fuel is in tro duced into

the fluidized bed of in ert ma te rial. Excelent mix ing and high heat and re ac tion rates
distigwish this type of re ac tors. The gasi fi ca tion takes place within the bed, but some
con ver sions of pro duced gas (mostly tars and hy dro car bons) ocurr in the sec tion of
gasifier above the bed (free-board). Cir cu lating fluidized beds are caracterized by en -
trained flow of fine par ti cles of solid fuel and in ert matrial (ash) through the re ac tion
space. Ma te rial is car ried by gases out of the gasifier, col lected in cyclon and re turned to
the bot tom of the gasifier. No in ert ma te rial is used. Fluidized bed gasi fi ca tion prin ci ples 
are shown in Fig. 1(b).
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Figure 1. Ba sic prin ci ples of gasi fi ca tion for small-scale bio mass con ver sion sys tems
(Bridgwater, 1995)



Down-draft fixed-bed gasi fi ca tion is gen er ally fa voured for small-scale heat
and/or elec tric ity gen er a tion, ow ing to the sim ple and re li able gasificators and to the low
con tent of tars and dust in pro duced gas. It is lim ited to rel a tively dry fu els (up to 30% wt
of mois ture) in shape of blocks, chips, or pelets. As the ash fu sion and clinker for ma tion
on grate is pos si ble, fu els with non-slagging ash are preffered. The lim i ta tions of di am e -
ter and par ti cle size mean that there is a prac ti cal up per limit to the ca pac ity of stan dard
con fig u ra tion of 500 kg/h or 500 kWe (Bridgwater, 1995). Even with spe cial de sign, its
max i mum size is prob a bly lim ited to about 1 MWe. Ex pe ri ence in wide num ber of de vel -
op ment pro grams has shown that the clasical down-draft gasifier can not be scaled. The
lat est trend in down-draft gasi fi ca tion re search is de vel op ment of small-scale, fully au to -
matic units, ded i cated to a sin gle well de fined fuel (Beenakers and Maniatis, 1996).

Biomass gasification activities in Europe

Cli mate change and other en vi ron men tal im pacts in en ergy pro duc tion are the
main rea son for re cent in ter est for bio mass gasi fi ca tion in Eu rope. In 1994 Di rec tor ate
for En ergy of the Eu ro pean Com mis sion ap proved a spe cific Pro gram of Re search and
Tech no log i cal De vel op ment, In clud ing Demostration, in the field of bio mass gasi fi ca -
tion.The state of bio mass gasi fi ca tion var ies con sid er ably within the Eu ro pean coun -
tries. Bio mass gasi fi ca tion has not yet reached com mer cial scale in Eu rope. Additionaly,
many gasi fi ca tion pro jects have been sup ported by pub lic funds, and their con tin u a tion
is not al ways cer tain due to the short age of pub lic cof fers. De spite the re sult ing
uncertains, about 48 pro jects are pres ently un der de vel op ment in Eu rope. Most of them
are in Scan di na vian coun tries (18), Ben elux state (7), Great Brit ain (8), Ger many (7),
Swit zer land (6), Aus tria and It aly (3), France and Spain one. The pre sented pro jects de -
scribe the stage of us age, as well as the routes of de vel op ment that are cur rently pur sued
(Dinkelbach and Kaltschmit, 1996).

Re search and de vel op ment in small-scale sys tems are mainly fo cused on
down-draft gasifiers con nected to an IC en gine. Since most of the plants have been built
in re cent years and are funded by pri vate sources, de tailed in for ma tion are not availeble
in most cases (Dinkelbach and Kaltschmit, 1996).

The  100 kWe down-draft gasifier at Enniskillen Col lege In Northen Ire land is in 
use. It was de vel oped at the Uni ver sity of Louvain, Bel gium, for CHP (Com bined Heat
and Power) ap pli ca tion. Due to ex ces sive pro duc tion of tar and dust that caused foul ing
in the down stream equip ment, the gasifier has only been in op er a tion for a few hun dred
hours (Dinkelbach and Kaltschmit, 1996).

The Bel gian pro ject TCR Gazel deals with a mod i fied ver sion of the above
men tioned gasifier. The aim of the pro ject is to com mer cial ise down-draft gasifier die sel
sys tem (0.1–1 MWe) for gasi fi ca tion of short-rotation-wilow for peak power pro duc tion
(Dinkelbach and Kaltschmit, 1996).The Ital ian com pany DANECO is op er at ing a
down-draft gasifier with down stream tar crack ing and dust re moval in a scrub ber and an
ac ti vated car bon fil ter. The cleaned gas is combusted in a Die sel en gine for elec tric ity
gen er a tion. Cur rently, a gasi fi ca tion ef fi ciency of 65% is achieved. The in stal la tion of a
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heat re cov ery sys tem for pro duc tion of super heated steam that will be led back to the
gasifier and the tar cracker is ex pected to in crease the ef fi ciency up to 75%. Ad di tionally, 
the ef fi ciency of the Die sel en gine is to be im proved so that an over all ef fi ciency of al -
most 30% can be achieved (Dinkelbach and Kaltschmit, 1996).

Ger man com pany, Wamsler Umwelttechnik GmbH, successfuly im ple mented
down-draft gasi fi ca tion sys tems. Three units were real ised in Ger many in  ’94 with ca pac -
i ties of 600 and 1500 kWth (to tal power), whereas five oth ers from 1.5 to 11 MWth, are
planned. Other fuel than wood, such as plas tics and tex tiles is foressen. Wamsler has ex -
pe ri ence in wet gas clean ing and in op er at ing a 200 kWe gas en gine (Beenackers and
Maniatis 1996).

Re cently, a 135 kWe unit from Martezo (France) was im ple mented in Hoglid,
Den mark. Gasifiers of old Imbert type, al ready used in World war II. Start-up prob lems
have been sig nif i cant and the char burn-out turned out to be lower than ex pected for an
op ti mally de signed and prop erly op er at ing unit (Beenackers and Maniatis 1996).

MHB Multifunktionelle Heiz-und Bausysteme GmbH, Furstenwalde, Ger many, 
claims  to   have  upscaled  a tra di tional  down-draft  gasifier,  up  to  750  kg/h  (3.3 MWth),
what is pres ently the larg est down-draft gasifier. How ever no fur ther data on phase of im -
ple men ta tion and per for mance are avail able (Beenackers     and  Maniatis   1996).

NIHPBS, Loughall, Ire land, op er ates a down-draft wood fu eled com bined heat
and power fa cil ity since 1993. It pro vides 100 kWe of elec tric ity and 120 kWth for space
heat ing to the Ag ri cul tural Col lege at Ennishillen. The de sign is based on the clasical
Imbert gasifier with a dual fuel en gine. Dur ing its three years of op er a tion, a num ber of
op er at ing and de sign prob lems were solved. NIHPBS plans to in stall a fully com mer cial
plant, prob a bly of the same size, in 1998. The fuel will be cop pice from short for estry ro -
ta tion (Beenackers and Maniatis 1996).

At the pres ent, there is only a small num ber of gasifiers that op er at ing com mer -
cially (most of them are pi lot, or demo units). As a re sult of ex ten sive R&D ef forts dur -
ing the last de cade, the tech nol ogy of bio mass gasi fi ca tion (fuel pre-treatment, feed ing,
bioamss con ver sion, and gas cleanup) is highly de vel oped and avail able in lab o ra tory and 
pi lot scale. Ac tiv ities on small-scale gasi fi ca tion sys tems are mainly fo cused on
down-draft gasifiers. Al though, in gen eral, the in ter est in up-draft gasi fi ca tion has de -
creased, there is still some work on up-draft gasi fi ca tion of straw in Den mark.

Biomass gasification activities at
Faculty of Mechanical Engineering

In Ser bia, the pro cess of ag ri cul tural wastes gasi fi ca tion has been tested on an
ex per i men tal coun ter-current fixed bed gasificator at the De part ment for Pro cess En gi -
neering of the Fac ulty of Me chan i cal En gi neering, Uni ver sity of Bel grade. The heart of 
unit is stain less steel re ac tor ves sel with in ner di am e ter of 200 mm and length 2500 mm.
A 25 kg/h closed tube sec tion at the top of the re ac tor was used to in tro duce the bio mass
to the re ac tion space. 

54

THERMAL  SCIENCE: Vol. 5 (2001), No. 2, pp. 49–57



In the fol low ing ex per i ments air, which was used as the gasi fi ca tion me dium,  in -
tro duced at he bot tom of gasifier. The gas com po si tion was ana lysed by an on-line pro -
grammed gas chromatograf, which took a sam ple ev ery 10 min. The concentracions of
H2, N2, CO, CO2, O2 and  CH4 were de ter mined.

Corn cob has proven to be an ideal row ma te rial for gas pro duc tion. Raw ma te -
rial was cut, sieved and clas si fied to ob tain frac tion of uni form size (<100 mm), with a
LHV of 14.3 MJ/kg (15% wt. of mois ture and 3% wt. ash). Gas of the fol low ing av er age
com po si tion (in % vol.) was pro duced (gasi fi ca tion with air un der at mo spheric pres -
sure): CO – 24%, CO2 – 22%, H2 – 10%, O2 – 1.9%, N2 – 37.7% and CH4 – 4.4% (LHV –
5.7 MJ/m3).

An ex per i men tal co-current fixed bed re ac tor for gasi fi ca tion un der at mo -
spheric pres sure, with a ca pac ity of 5 kg/h was used in the same lab o ra tory for gasi fi ca -
tion of wood wastes. The fuel was a mix ture of de cid u ous wood wastes 5–30 mm in size,
with a mois ture con tent of 5–50%. Pro duced gas did not con tain tar and the av er age
com po si tion of dry gas was as fol lows (in % vol.): CO – from 9.8 to14.6%, CO2– from 9.6
to14.1%, H2 – from 11.3 to18.4%, O2 – from 0.6 to1.1% and N2 – from 47.2 to 59.3%.

Re sults ob tained from these expiriments are in the good agrement with re sults
ob tained else where (Bridgwater, 1995, Raveendran et. al., 1995, Raveendran and
Ganesh, 1996, Raveendran, et. al., 1996, Jankes, 1986).

With the ap pli ca tion of re cu per a tion, or the use of hot gas di rectly af ter the
gasificator, the gasi fi ca tion ef fi ciency of  90% can be achieved. 

Not a sin gle gasi fi ca tion sys tem for comercial use has yet been built, but the pro -
cess and sys tem have been de vel oped to the point that they can be safely of fered to the
po ten tial cus tom ers.
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Fig ure 2. Scheme of bio mass gasi fi ca tion dem on stra tion unit



Ac cord ing to the re sults of  bio mass and waste gasi fi ca tion ex per i ments car ried
out on lab o ra tory scale re ac tors of the Fac ulty of Me chan i cal En gi neering, Bel grade, but 
also on the re sults of wide num ber of R&D pro jects re cently pre sented in lit er a ture, the
con cept of dem on stra tion unit is de vel oped. The aim of the dem on stra tion plant is to
test the gasi fi ca tion of corn cob, which is ag ri cul tural waste of sig nif i cant quan tity in
Northen part of Ser bia and to pre pare the comercialization of this tech nol ogy. It is based 
on down-draft fixed bed gasifier with ca pac ity 120 kg/h of corn cob (LHV app. 16 MJ/kg
d. b.) and the ther mal out put 0.4 MWth (cal cu lated on a dry cold gas). The sheme of the
plant is shown on Fig. 2. The lo ca tion of the plant is planned to be on a state owned farm
nearby Bel grade and pro duced gas will be used as ad di tional fuel for the ex ist ing hot wa -
ter boil ers of the farm, or al ter na tively, af ter cool ing and dust sep a ra tion, for elec tric ity
pro duc tion. 

Conclusion

Po ten tials of bio mass as a fuel is sig nif i cant in Ser bia, and it is es ti mated to be
1.6·106 t/yr. for en ergy pro duc tion, what is al most equal of to tal fuel oil con sump tion in
Ser bia in 1997 (SYB, 1997).

Small-scale gasi fi ca tion is conveniant and well tested tech nol ogy. Af ter
demostration unit op er a tion it is ex pected to be comercialized and used for heat and/or
elec tric ity pro duc tion in farms, corn dry ers, or wood pro cess ing plants.
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