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[XlCUl IVL SlJMMAHY AND lffClfft:NDAT lllNS 

Recently, t.he :Jirectorate of lnerqy of the Ministcry of 
[nergy in Uruguay completed a comprehensive study quantifying the 
natural and wood resource base in the country. following this 
Authorities have now embarked on a programme to investigate the 
extent to which the available wood ma)' be used as an indigeneous 
energy source. One of the technologies under consideration is wood 
gasification. 

O~jective of this mission was to inform the Directorate 
as well as other interested parties about different aspects 
(current status, applications, operation and maintenance, 
•anufacturers) of the biomass gasification technology, as well as 
to provide an input to the Uruguayan Gasification Evaluation 
Programme that is currently under considEration. 

The first objective was met by executing a 4 day course 
in Montevideo, that dealt with a wide range of technical and 
economic aspects of the technology. A comprehensive set of course 
notes was made available to the Directorate. Beside, this report 
presents a list of wood gasifier manufacturers (mainly fro~ 
Europe), under ANNEX 1. 

Discussions with respect to a Uruguayan Gasifier 
Evaluation programme led to the conclusion that the following 
applications are of potential interest in the Uruguayan context: 

- small/i:iedium decentralized power generation 
- industrial/domestic heatgas supply 
- automotive power 

It was concluded that the latter application at present 
has little priority. 

An overview of commercial gasification technology 
presently available in llru1Juay revealed that the fol Jowinl) 
gasifiers types are presently commercially operated 1n Urul)uay: 

- small/medium size up-draft wood power gasification 
- large size up-dr~ft wood heatgas gasification 
- small size cross-draft ch~r~oal gasification 

Gasifier types of potential interc5t not available in 
the country are: 

~ 
smal I/medium 5izc dovm-draft "hJod qa!; 1f1cal1<m 

- smal I medium 5itr. "open core" r1w;1 t wal lfHI 

--



l3ased on the ahu1:e consHh~rations the fnlluwinq 
rcconvncndations are made: 

J. lhe Directorate of lnergy should embark on a gasifier 
monitoring and evaluation programme incorporating technology 
already available in-country as we1l as new systems to be 
installed under the programme. The programme must be designed 
along the lines proposed in the "HNOP/WB Guidelines for 
Gasifier Performance Monitoring". To this effect the 
DirP.ctorate should be provided with monitoring equipment and 
technical assistance on monitoring procedures from project 
funds. Specified gasifier monitoring equipment is to be found 
under hNN£X 2. 

., 
&. • In order to enable evaluation of the scope of down-draft wood 

power gasifiers, such a system should be bought abroad under 
project funds and installed at an agricultural research 
statio~ for irrigation purposes. Specifications of such a 
system are to be found under ANNEX 3. It is proposed that the 
system be locally installed and commissioned and that some 
technical assistance in training and installation be made 
available from project funds. The outline of a personnel 
training programme is to be found under ANNEX 4. 

After careful evaluation of the rice husk resource base, a 
second phase of the project could involve installation and 
analysis of an•"open core" rice husk power_gasification 
system. 

3. Apart from the above, within the Gasification Evaluation 
Programme, the Directorate of Energy should start a study to 
quantify the importance of the small/medium size decentralized 
power sector as well as the heatgas sect.or in tJruguay. 

(II'' 



I • I\ TIWDt tC i IO!'\ 

I.I Introductory Remarks 

This mission was exec:.ited by Ir. H.E.M. Stassen, 
Director Biomass Technology Group (BTG), Enschedc, The 
Netherlands, during the period 09 - 23 July 1908. 

In accordance with his Terms of Reference, the 
consultant provided the Ministry of Industry and Energy as well as 
selected interested persons outside the Ministery with information 
as to: 

- Current_worldwide status of biomass gasification 
- Applications-of gasifier technology 
- Operation and maintenance of gasifier systems 

This transfer of knowledge was effectuated by means of a 
four day formal biomass gasification technology eourse which was 
held from 19 - 22 July i988. The Directorate of Energy was 
provided with an extensive set of course notes, on a wide range of 
subjects relating to technical and economic aspects of the biomass 
gasification technology. Partial selected copies of those not.es 
were distributed among the participants of the course. 

In orde1· to deal with the fourth aspect of his Terms of 
Reference (an overview of suppliers of small gasification 
systems), consultant includes a manufacturers list in this report 
under ANNEX 1. Part of the manufacturers listed have been 
discussed during the mission in Montevideo. 

1.2 Limitations of this report 

During the last day of the mission, while on cff icial 
visit to a gasifier system, consultants official car was 
burglared and all information, papers and notes that were collected 
during the mission were stolen. for this reason this report is of 
necessity weak on background and ~rllfltry information. Also the 
description of the different gasification systems that were 
visited in Uruguay had to be done from memory, and therefore may 
be weak with respect to hard data and figures. 

The latter wi 11 have Ii ttle int luence on the 
recommendations tor further activities and the specification of 
the gasification systems to be im;tal!ed, a~ those were rliscusscd 
intensively at the Ministery and consultant is convinced that no 
major data_ or considerations are lacking in thi:> respert.. 

I.} ' ffruq11ayan biomass energy sitw1l 1on 

llr1rlPr llH' prt!paratnry a!;:;1:;!.arwr- pr11.11·r·I 111'/lllllJ"'ll ~ 111 ~. 

1111' fnl'P'.:! r•·:.mJiTf'!; (11al.11ral ar•rl planlal 11111} w1tt1111 1111· llr111111.1\:tr1 
IPrr1tnry wPrr· q11a11t.if 1r-d l>y 111IPrprPlal 11111 of lit.II ,i~ll~11\I 1m;111'· 
data 111r·1111.1pr·t1or1 v11th qrmmd !;11rvr-r•. Map:; of !Ill' pLHJl;il 1rn1·. 
awl 11:il11ral fnrP:;I!; al a :waif' of I: lrtll,111111 wr•r1· pr1·p:11·1·d :1rid 
1·0111p1 l1·d 111111 m11· -;ll!'r~I at a :;r·alr· 111 I: I ,IHHJ,fHllt. 

--



Itus wJrk has re:;ulted 111 the co11clu:;1011 that th1• tun·~;t 

area 111 Uruguay canst i tut es about S ~~ Pf the tut ;i I land ari•:i. 
Plantations on cattle ra1sinq farm:> all<J mt!anl lo pro\i id1• :>hPllt>r 
to the animals, constitute about 74 '.'o ot the total forrst. \1olumes 
of standimJ stock of pine and eucalyptus plantation!; w1•re 
P.stimated at 3.S million and 24 million cubic meter5 respect1v~!}. 

Havinq completed this survey, Project Authorities hav~ 
now embarked on a programme to investigate the extent to which the 
available wood may be used as an energy source, bott. in power as 
well as in heat applications. One of the technologie~ under 
consideration is wood gasification. 

As.in the North-Eastern part of the country irrigated 
rice cultivation becomes increasingly important, consultant is of 
the opinion that the other biomass resource possibly available in 
sufficient quantity to warrant further investigation as a 
gasification fuel is rice husk. 

1.4 Gasification Programme 

In 1986 the National Energy Directorate decided to 
embark on a programme to evaluate the possibilities of biomass 
gasification, in co-operation with UNDP, UNIOO and the Government 
of Brasil. The executing a9ency on the Brasilian sirle is CETEC. 

The programme aims at installation and technical/ 
economic/financial evaluation of 3 pilot gasification 
installations i.e.: 

- one charcoal qasificat1on system coupleo to an existing Diesel 
engine (dual fuel operation) to be installed for rice irrigation 
purposesat an agricultural research station, 

- one charcoal gasification system cuupled to an existing Diesel 
engine (dual fuel operation) to be installed for rice irrigation 
purposes at a private rice farm, 
one wood gasification system coupled to an adapted Otto engine 
(full gas operation) for installation at a sawmill. 

l.S Scope of Report 

The objective of this repo:t is twofold: 

- to assess the suitability of technLlogies, locations and 
applications proposed 1n para. 1.4, 

- to detail specifications of C)rtsif1cat.ion :;ystr.m~; to hr. 1nslallr.d 
at suilablr lorat1ons. 

~ 
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:!.. I ,\ClllHS IN BIOMASS GASll IC;\T 10'.\ l:'\THODllCI IO!\i 

2. l Technical Aspects 

2 .1.1 Biomass gasification technology 

figure I presents a schematic diagram .of ~ biomass 
gasification system. Prepared fuel and air enter the reacLor where 
the thermo-chemical conversion into a combustable gas takes place. 
The gas is subsequently cooled and cleaned (removal of dust, tairy 
materials ~nd condensates), after which it is suitable for 
operation in an internal combustion engine. Tar cleaning and gas 
cooling ffidY not be necessary in case the gas is directly used for 
heating purposes by means of ~ gasburner. 

2.1.2 Biomass gasifiers 

At present various types of biomass gasifiers are 
offered by manufacturers from both developed and developing 
countries. 

2.1.2.l The simplest and oldest type is the fixed hed up-draft 
or countercurr~nt system. Gasification air is entered at the 
bottom, fuel is entered over the top and the gas leaves over the 
top of the reactor (Figure II). 

Major advantage of this system is its simplicity and 
insensivity to differing fuel characteristics (moisture content 
and size) . 

Major drawbacks are: 

the relatively high tar content of the gas which gives rise to 
considerable quantities (0.10-0.25 kg/kg fuel) of tarry residues 
from the gascleaning section and (in absence of a condensate 
treatment plant) to potential harmful! environmental effects, 

- the volume of the gascleaning section, which makes the 
technology unsuitable for mobile applications. 

Nevertheless the system has been in operation suc
cesful l y for decades both in developing as in developed countries 
on relatively "difficult" f Jels like sawmill (bark, chips, sawdust 
and planing sha'Jings) and agricultural residues (cotton ginnery 
trash, maize cobs, ~traw briquets) and possibJy its developing 
country implementation possibilities have been overlooked in 
recent times. 

2.1.2.2 : In co-current or dovm-draft f1xed bed qa;,ifier;, (f HJUfP 

II), fuel~is ent.err.rf Over the top or the equipm1!nt aml rp:i1f1ra-
t ion air 1 :-. int rndtic('(l at <in 1nt<'rmediary 1 PvP. I. ltll' prnd1w,.rq;1:; I -"': 
11:av1!:; nv1•r !hr. bottom of l!lf• rf"!artor .. '\;, :1 rt!~;1ilt of th1·. 
pror:1~cl1irf' tar C'orifa1n111q pyroly:;1:; prochwl:;, I.hat an• qr·r11·1;d,.d 111 

the 11ppPr par! or th,. Pq111pmPnt, pa:;r; t.nrnur1ti ;: hot 1rn11· ~·1t11·11• 

l.lu!y arP rornl111:;t.~r1 arid/or r'r;wkr>d. !hp arh:;mlaq,. or a vwl l-
opPrat ir1q dowri-rlr;il I q;1:11f 11•r 1:; tlw prnrhwl 1or1 ril a lar-l 11·,. q:1·., 

wl11d1 ·1111'1 rl11:;I r·lr•:ifllllf! 1·:11: h1• rl1r1•!·l ly 11:;1•rl 111 ;ir1 1:il1•1r1;il 
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combu::;t1on t'rHJl!ll'. H1·c:;u:;" of lt1t' rt.•lall\:ely ::>mall \:Oiume o' th,· 
qascleaninq sect ion. tl11:; :;~:;tern wa:; e:;pec1<.il ly popular in mob1 le 
<c>ppl !cations. The d1sath.antaqe nf the system lies in its 
sensitivity to fuel spec1f1cations (moisture conte~t, ash content, 
size and size d1str1but1on, bulk density) and load fluctuatjons. 
Variations in both can easily result in the production of a tar
containing r,;as, which (in the absence of an adequate tar-cleaning 
system) will lead to increased engine maintenance. 

2.1.2.3 Cross-draft gasifiers (figure II) are only suitable for 
charcoal and are almost exclusively used for transport and small 
(below SO 1e'.J) power ap. ications. No problems are reported in 
operation on good quality charcoal (low moisture content, low 
volatile conl~nt, specified size). 

2.1.2.4 "Open core" gasifiers (figure II) are a relative.~y 
recent development. fueled on wood residues and used for domestic 
heating purposes, they have found a ready market in the USA. An 
analogous.power gene~ating system of Chinese design, fueled by 
rice husks and equiped with gas~leaning section and adapted 
gasengine has Leen in succesfull operation for 15 years both in 
China and Mali • 

2.1.2.5 Pyrolysis ~~s removing/recycling gasifiers (figure II) 
are in operation generation in a number of countries. The 
technically most succ.esfull equipment is probably to be four1d in 
Ivory Coast, where two co-generating installations fueled b; coco
nut husks have been ir. operation for several years. 

2.1.2.6 fluidized bed gasifiers (Figure II) ?~e especially 
suitable for fine-grained or pulverized fuels. Air is blown 
through a bed of inert solid particle3 at a sufficient velocity to 
keep the bed in a state of suspension. The bed is externally 
heated and feedstock is introduced as soon as the gasification 
temperatu;e is reached. The major advantage of a fluid bed 
gasifier is easy temperature contro~ which allows operation bel0r. 
the melting/fusion temperature of the ashes. Drawb&cks are the 
relatively high gas tar content and poor response to loarl changes. 
The latter difficulty makes the installation of sophisticated (and 
expensive) control equipment necessary. for this reason 
implementation of small fluidized bed gasifiers is generally 
considered not economic. 

2 .1. 3 Producergas quality 

f.n<Jine qua I ity prod11r.er qa~; must have a sufficient 
healrnq value (above 4,200 kJ/m 5 ), lw frt=!e of tarr; and dust and he 
afi cold as:pos~;ib le in order to max im11c eriqine r1as intake and 
power oulp~t. Gas clf'a111nq can prencnl prohlemn. In q1!neral the 
qa!; H; pa~;!Jed thrrn1qli a :;PfiP:; of cyr. lnr1P!;, !;cri1l>hPr!;, f il>r0 I .... 
anrJ/nr el Pct ro-!;lal If' t 1 lt•~r:; 111 orfh·r lo n•movP al I tar!;, o1!;h,.,; 
arirl :;oot. [rl';1Jf f If' iPril q:1:; r: 11·:ir11riq 1·; t lw rrn.1r1r l'P:t•;or1 fnr 
111:;;tl 1:;f:wl,•ry r1p1•r;tl 1111. of q;i·.1111·r J••>vwr pl:irll:;. 

(, 



2. 1.4 Gasifier!; fur heat producl 1011 

In principle all above mentioned gasifier types may be 
used for heat production by means of a pr~ducergas burner. Gas 
quality requirements with respect lo tar content are usually less 
strict in this application. Iri practice often updraft gasifiers 
are used. 

Heat gasifiers compete with direct combustion furnaces 
or boilers. In some cases gasifiers can be used to retro-fit 
existing 0il fired burners. Where a small capacity loss (5-15 %) 
due to the application of moist, low BTU qas is of little concern, 
this procedure may be much more economic then investing in a ne1N 
biomass fueled furnace. Heat gasifiers are also the only solid 
fuel based-option in processes where precise furnace temperature 
control is of importance or where heat (gas) distribution over 
limited distances is a necessity. 

2.1.5 Producergas engines 

All spark-ignited internal combustion engines may be 
run on producergas, however a decrease of about 50 % in maximum 
continuous power output must be taken into consideration. Maximum 
efficiencies are realized by adapting the ignition timing. 

Diesel engines may be run at maximum continuous power 
output on mixtures of approximately 15 % die3el oil and 85 % gas. 
At lower engines loads the injected diesel oil quantity (necessary 
for mixture ignition) remains constant. As a result of this 
savings in diesel fuel tend to become increasingly less at sub
maximum engine power outputs and are effectively insignificant at 
engine power outputs below 30 %. 

2.2 Application Aspects 

2.2.1 Wood vs. charcoal g~sifiers 

Engine contamination due to use of tar-containing qas is 
a mPjor failure factor in power gasifiers. for this reason. a cross 
dr· t charcoal gasifier using good quality (low tar content) 
charcoal may be preferred over a down-draft gasifier using wood, 
especially in applications where low reactor gas loads may occur 
regularly. In case of varying engine loads, low reactor qas loads 
of down-draft wood gasifiers tend to be more serious in dual fuel 
systems then in full gas systems. 

in heat ripplicaliow; lhe choice between wood and 
charcoal i!>. main I y a mritter of crmvenie11ce. If the qas can be 
burne,J hot -there ! G no ridvantarJe i ri us i nq charcon 1. However rn 
case the qa\ i!; t.o tw piped over a di!;t.ar1rt! t.herP may be an 
advant.arJr? in IJ!;inq a d1arroa 1 rJ't!;if JPr 111!;fpad of a11 11p-rlraft wood 
fJil!iifiPr, ;1'.; iri lhP );di.Pr !'il'.if! lhr! qa!i 11111'.;f tw f'xl1•ri!>111r>ly 

r:J1:;H1f'd f'l!'.ilJltlfHJ 111 ftp;ivy r~x1w111l1!11r1• 111 qw.r·l1•;111111q 1!q11qirr1,.rif a'.;' 
wcl I a'.; Ilic• prorhwt 1m1 of '.;11!J:;f;11il j;,, q1J;111f 1l 1f':; flf l;1r 011-'.;1!1·. 



2.2.2 Dual fuel vs. full qas enqincs 

Apart from the disadvantage mentioned in para. 2.6, 
actual diesel fuel savings in duel fuel operation depend to a 
large extend on the average :ngine load i.e. regular low engine 
loads lead to dis~ppointing savings. 

2.3 Economic/financial aspects 

The basic advantage of gasifier power plants as compared 
to diesel units is in the low biomass fuel cost vs. liquid fossil 
fuel. The major disadvantage is in the comparatively higher 
equipment cost. Therefore in general economic and financial 
analyses Gf gasification plants reveal that the prime factors 
influencing the economic feasibility of gasifiers are: 

the ratio (per unit energy) of diesel fuel costs and wood fuel 
costs. A high ratio widf.ns the gap between fossil fuels and 
biomass (wood) fuels and therefore favours gasifiers. 

In Uruguay the cost of diesel fuel is 160 NP/I (ca. 0.5 US$/l) 
or about 0.0132 USS/HJ. The cost of (wet) wood (estimated 
heating value 11 HJ/kg) in- and outside Montevideo amounts to 
respectively 20 USS/ton (0.0018 USS/HJ) and 10 US$/ton 
(0.0009 US$/MJ}. 

A fuel energy ratio in the range of about 15 to 7 as is the case 
in Uruquay in theory should be attractive for gasifier 
application. 

- the total annual power output of the plant under consideration 
as a fraction of the maximum annual power output: high annual 
number of operating hours and high plant load factors "spread" 
equipment costs over a larger number of produced energy units, 
therefore resulting in a lower "equipment cost fracti_on" per 
energy unit. 

2.4 Social Aspects 

Prospective users of gasifiers should be aware that 
gasifier operation ).s very much dependant on quality and 
motivation of the operating manpower. All gasification systems 
demand continuous supervision. Cleaning tasks that must be 
performed are often dirty. Succesful projects are characterized by 
well trained personel, good organisation on-site, a structured 
division of tasks as well as an incentive system for motivating 
the operating personel. 

I~ this respect it may be worth 
nature beina what 1t is, full qas systems 
of operating on I iquid fuel, often in the 
l.h<:1n dual f1m I r,yr,tcms. 

I! 

mentioning that human 
that have no ponsihil1ty 
I orHJ run pr.rform twt t Pr 
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3. UIOMASS GASir ICAl IO\ LXPUHli\Cl II\ LiHUGUA' 

}.l Introduction 

Largely unknown to the rest of the world there exists 
considerable experience in biomass gasification in Uruguay. 
Consultant was able to visit a n1J11ber of operating installations 
in different parts of the country. However, as mentioned in para 
1.2 consultant's notes were lost, therefore the description of the 
different systems below is of necessity somewhat weak and lacking 
in hard data. 

J.2 Dual Fuel Up-draft Wood Power Gasifier 

The system is located at a sawmill situated along the 
shore of the Rio de la Plata, approximately 80 km's East of 
Montevideo. The sawmill is mainly producing sawn timber from a 
local pine variety. 

The gasifier is manufactured by AVIHEC, Rio Grande do 
Sul, Brasil. The system consists out of an updraft wood gas.:fier 
in which gasification air is introduced at a pressure of about 1.5 
ala by means of an electric compressor. Wood is introduced over 
the top of the equipment by means of a vertical valve system. 
Ashes are batchwise removed by hand over the bottom of the 
equipment. The tar containing gasification/pyrolysis gas is passed 
through a sawdust filter where the majority of the tarcontaining 
condensates are removed from the gas stream. Next the gas is 
passed through a water cooled disc-cooler, followed by a cyclone 
and a final sawdust filter for removing remaining tars. From here 
the gas is piped through a long (70 m) upward sloping pipelir.e, 
passed through a final cyclone, mixed with combustion air. This 
gas/air mixture is fed to 2 diesel gensets (80 kw) each powering 
the sawmill. 

The gasifier is fuelled by sized pinewood waste (slats, 
off-cuts etc.). of approximately 60-70 ~moisture content. Average 
wood waste consumption amounts to abo•Jt 250 kq/hr. 

The Diesel engines are run in a part fuel (gas/diesel) 
mode, in such a way that the base load of the sawmill is taken up 
by the producer gas and the load variations are controlled by 
adopting the diesel fuel ~mounts. Before gasifier installation, 
average power plant diesel fuel consumptiC"n amour-led 'io about 16 
l/hr. At present in part fuel mode the pc - plant consumes about 
5 - 7 l/hr of diesel fuel. 

The gasifier plant has been in operation for over 2 
years. Initially gas cleaning problen:s leading to sticking engine 
valves wher.e encountered. Those prohlems have bEen overcome by 
introducing some modificati0ns especially in the lay-out of gas 
and mixture lines. At present only occasional engine knock 
problems (in case of exceptionally low P.rHJinc loads) am 
encounte rec1. r ram a techn i ca 1 ancl ecoriom i c poi ri I. n f v 1 PiN, the 
syntem is workinq to the sati~;fc:clirm of Uw !.;awmi 11 owner, 
althn11qh it will be dismantled a~• ~;nrm ~~·the r:r!ntral po:.ver qrid 
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reaches the :.>awmlll silt> (possibly rn I year limP). 

Presently the owner is lookinq i!•t::; a useful 
_,•Jplication (wood preservative ?) for the relatively large amounts 
(25 - 50 kg/hr) of tarry condensates produced in the tarcleaning 
section. 

J.} Up-draft Wood Heat Gasifier 

The system is located at the ceramics factory "Hetzen y 
Sena S.A." in Pando, approximately JO km's North of Hontevideo. 
The factory (personnel approx. 1,500) is producir.~ a large 
diversity of ceramic tiles and earthenware under the brand name 
"Olmos". A considerable part of the production is exported. 

The.system was build by a West-German engineering firm, 
and consists of J large (height about 12 m} parallel rEactors. 
Wood fuel is introduced over the top of the reactor by means of a 
double valved filling sluice or (in a ne.ier version} a rotary 
valve. Compressed air is introduced over the bottom of the 
reactor. Ashes are removed through the water seal at the bottom of 
each unit. The gas is first cooled in a water scrubber and than 
passed through a stainless steel centrifugal tar seperator. Part 
of the tars separated in this device are reinjected thus assisting 
in the separation action. Next the 9asses are passed through a 
stainless mesh wire fixed bed tar separator followed by cleaning 
and neutralizing in a "raschig ring" water scrubbEr. The alkalic 
ashes produced from the re3ctors are used as a neutralizing agent. 
The clean and cool gas is subsequently piped to the different 
furnaces and ovens in different parts of the factory. 

The gasifiers are fuelled by hogged and partially dried 
eucal~ptus wood. Average wood fuel consumption amounts to about 
J!m m /hr. With this wood consumption the system must be one of 
the biggest gasification systems currently operating world-wide. 
At preoent the wood is bought from different ranches in the 
surroundings. However "Hetzen y Sena S.A." has taken measures to 
ensure wood surply through company owned plantations which will 
become productive in the near future. 

The system was installed in 1982, and after some initial 
problems.(mainly due to corrosion), is now working technically and 
economically to the satisfaction of the user. It was mentioned to 
the consultant that even at current low petroleum prices, the pay 
out time of the units will be not more than 7 years. fhe technical 
lifetime of the equipment was estimated at approximately 25 years. 

Major problem with the system to date is the 
considerabl~ 1 tar production, which over the years h3s resulted in 
the build-up 1of a "t.ar lake" on the premisses of the factory. 
Presently the management is cnnsidr.rinq pm;~;ihi I it.iw; to convert. i --: 
this tar into a m<irketahlr. prm1urt or <ilternal ivrdy to rarlH>nl/P 
the tar and u~;p I.Ile rc~;ultinqr-<irhori a~; a<fd1t1011al qa'.;1f1Pr l11r'1. 
lfowcvcr, ren1'isat.1on of either mu! of thrm1! opl.ior1'.; ~;r•cm'.; lo lw 111 
a vr.ry prel1m1nary slaqP. 
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}.4 f ul I Ga~; Cros~; Draft Charcoal Power Ga!.ii f1r~r 

The unit ts installed at a small sawmill near the coast, 
approximately 130 km's last of Montevideo. The mill specializes in 
the manufact<Jre of fencinq poles for ranches mainly from pinewood. 

The gasifier was build by "Julian Berges S.A." of 
Montevideo after a design provided by the National Oil Company of 
Uruguay. The consultant recognised the system as a copy of a World 
War I I system which t that time was manufactured by '·t1ercedes" 
and meant for mobile applications. The unit is of cross-draft 
design. Charcoal is manually introduced over the top of the 
reactor and ashes are manually removed over the bottom. 
Gasification air is sucked in by the er.~ine through a •atercooled 
air inlet tuyere. A provision for adding steam to the gasification 
air is available. The gas is sucked through s~bsequently a 
cyclone, a gas cooler and a heated (about 80 UC) cloth filter, 
after ..tlich it is ~ixed •ith combustion air and fed to the 80 hp 
full gas spark ignited engine. The engine is equiped •ith a 
manually adjustable ignition timing and is directly coupled by 
means of a gear box to the circular saw. The system is started up 
~y means of a small hand-operated fan. 

The unit is fed by on-site produced charcoal made from 
wood •aste. for this purpose a locally manufactured charcoal kiln 
of TPI design is available. 

The gasifier has been in operation at this site for over 
one year. The 'lWner is exceptionally pleased with the unit both 
from a technical as from an economic point of view. Since 
installation of the equipment no major problem causing unforeseen 
maintenance or repair has occurred. 

J.5 Conclusions 

Contrary to prevailing in-country beliefs there exists 
considerable experience in biomass (especially wood and small
scale charcoal) gasification in Uruguay. 

Both the medium and the large up-draft gasification 
systems described in para J.2 and J.J can be considered more or 
less State-of-the-Art for this type of technology. A technical and 
economic evaluation of this existing equipment should provide the 
Directorate of Energy with sufficient information to formulate a 
policy with •espect to implementation possibilities. Care should 
be taken that especially the environmental implications of up
draft gasifier application are suffic~ently taken into 
consideratior.. 

Th~ smal l-!;cale crmrn draft charcoal gasi ficatlon 
technolo<Jy currently avai lahlr. and mar1ufact.ured in llrul)uay, thourJh 
of old de!>iqn cnn !fl no 111ay hr. con!;irl!?rr.rl i11ff!r1or t.n l!CJ•llpmPnl 
currently manufarl.11n?rl in flra~;il, l'l11ll1ri111?!; 11r,llla1hnrl. 111 
facl (Wor id War 11 J or1~rat 1r111 1·x111?r lf!rwr. ( rr•:;1Jf I 1,rifJ 1r1 "rlPl111q')r·rl" 
equipmPr1l) with 1111' typr· of 1H11I c11rr,.11tly 111 w;r~ 111 llri1q1iay, 1:. 
rel:-il1vr'1y ~;pPak1riq P1111rrr.011:;, a:; r·11111par1?d 111 1·q111,prrw11t of m11r1· 

I I 



modern desiqn. !or I.hi!> reason it does not seem 111~ct>:;:;;11-~ to 
import fore1qn equipment in order lo evaluate thP tech11u:;i! and 
economic implementation possibilities of this technolo1n. 

Gasifier types currently not available in Uruguay and of 
potential use for the country are: 

- medium scale down-draft wood power gasification, 
- medium scale "open core" rice husk power gasification. 

I /. 
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4 • LJHUGW\\ ;\~,; t;A'.i If ll H I. Ii All!A T IOi\ PHOGIV\f-H 

4.1 Gen~ral 

Biomass gasification can theoreqcall} play a role in 

the follo•ing sectors: 

- small/medium size decentralised power 
- industrial/domestic heatgas supply 
- automotive power 

The power supply situation in Uruguay is characterised 
by wide-spread availability of grid electricity in all major and 
mediun-size population centres • As a result of this the role of 
decentralized power supply through ..aod and charcoal power 
gasification systems is ~robably fairly limited. Nevertheless (as 
described in Chapter 4; there are a nunber of isolated sites and 
situations like sa.naili~ and irrigation •ater pumping stations 
.here ..ood/charcoal gasifiers are presently used, and it seems 
.orth.ile to evaluate the advantages, disadvantages and 
subsequently the scope of both the charcoal cross-draft and the 
llOOd down-draft technolgy for sites of this type. 111 case an 
evaluation should reveal that a sufficient resource potential of 
rice husks exists ltt Uruguayan rice growing districts, as a second 
priority, the role of medium size rice husk gasification in 
decentralized p<>lfer supply should be evaluated. 

In Uruguay already one company is operating a large size 
.cod gasifier for heatgas supply. Apart from environmental 
problems, for which possible solutions exist, ter .1nical and 
econ'llllic experiences with this equipment are satisfactory. for 
this reason it is •orthwile to further evaluate the scope for this 
technology in Uruguayan industry. One possible application that 
could be studied is the ;:>ossibility to supply the nontevideo 
towngas network (partly) with producergas. 

In view of the additional expenditure necessary for 
gasifier service and maintenance, owners of the big trucks used 
for interregional transport are not likely interP.sted in 
converting to producergas drive. Tt1e situation may be somewhat 
different with respect to the old small lorries often seen in 
urban Montevideo traffic. Here there may be a potential for 
automotbe charcoal gasifiers that may warr?.1t further 
investigation. In the agricultural sector experiments in Brasil 
have shown that the powerloss associated with producergas drive is 
generally considered unacceptable by the user. Based on the above, 
consultant comes to the conclusion that evaluation of l1iamass 
gasification introduction possibilities in the automotive sector 
is not a ficsl priority. 
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4.2 ( 1:a luat ion of sy:;tcm:; 

4.2.l Technologies and applicatrnr _; 

In accordance with the abo'V'e it is propo'icd that the 
Directorate of (nergy as a first phase of the project execute 
technical and economic evaluations of following units: 

- the "Julian Berges S.A." small scale full g3s cross draft 
charcoal system currently operating at a sawmill (ast of 
Montevideo, 

- a dual fuel down draft wood gasification system to be purchased 
under the project and to be installed at a selected site (see 
below), 

- the up-draf~ IK>od heatgas gasifier currently operating at 
"Hetzen '/ Sena" ceramics factory North of Montevideo. 

After careful analysis of the resource base, as a second 
phase of the project, an evaluation of a rice husk gasification 
system (to be purchased from project funds) may be included. 

4.2.2 Evaluation methodology 

It is proposed that the above evaluations are performed 
in accordance with the "UNOP/WB f.uidelines for Gasifier 
Performance Monitoring". A copy of those "Guidelines" specifying 
actual measurements to be performed during initi&l gas quality and 
efficiency tests as well as providing suggestions for logbook 
management during operational monitoring has been sent to the 
Directorate of Energy. 

for the initial measurements, the Directorate of Energy 
must be provided with gasifier monitoring equipment. A basic set 
of measuring equipment is specified in ANNEX 2. It is proposed 
to purchase this equipment from project funds and to provide 
initial technical assistance in order to familiarize Directorate 
of Energy staff with equipment and measurements. 

4.2.3 Down-draft wood gasification system 

Evaluation of the usefulness of this technology requires 
a suitable site as well as the availability of a unit in llruquay. 

The Directorate of Energy proposes to install this 
equipment at an experimental rice growing research station of the 
Hinistery of Animal Husbandry, Agriculture and risheries, near 
Treinta y Tres in the Nortern part of the country. The unit is to 
be used for irrigation purposes at a site where at present a 00 kW 
diesel fueljed waterpumping station is operated. According to 
information~athered on site the pumpinq stat.ion i~; operated 
approximately I2r day:.; per year for pr.riocfo varyirrq hdwr.r.n 1'1 an<I /- ::-
20 hours per day The st.rit ion is pcrmanPnt ly manrlf'rl hy r1~r~;rinr11·l 
from thr. re~1earch sU1t.inn. 1 uralyrtw; wood f111d carr lw l'a'.11 lv 
prnv1decl from m~arhy plarrtat11111'.;. 



•ram a point of view of operational hours and unit load 
factor the research station site is •ell suited for installation 
of a pi lot wood gasi fi.:ation project. Th~ quality of the manpower 
at the station seems to be such that no serious problems with 
respect to training of personnel or service and maintenance of the 
gasifier unit arP. expected. Attention ho•ever should be paid to 
the managerial and social aspects of the project. It is the 
consultant's experience that gasif.f.er installation at sites where 
formerly diesel units were employed, can easily- lead to complaints 
about enhanced •orkload and demotivation of operators. The latter 
is especially the case in circums-tances in •hich no possibilities 
of additional incentives for the operating personnel exists. The 
consultant appreciates that the latter is the case at the site 
under consideration, and therefore emphasises the necessity of 
strong managem~t in order to warrant correct gasifier operation 
and maintenance procedures. 

It is proposed to tender the wood gasification unit 
among selected manufacturers from the list provided in ANNEX I. A 
technical specification of such a system is provided in ANNEX 3. 

In order to minimize equipment costs it is proposed that 
only the gasifier system and gascleaning system be purchased 
abroad. The Diesel dual fuel engine and water pump to be chosen 
from existing equipment available at the research station. 

In order to_ minimize installation costs it is proposed 
that the system be mainly installed and commissioned by local 
manpower. Some additional technical assistance in installation of 
equipment and training of personnel will be necessary and must be 
provioed from project funds. An outiine of a personnel training 
programme as provided as a matter of routine by BTG (Biomass 
Technology Group) is incorporated under ANNEX 4. In the 
consultant's opinion it is fe?.sible to combine installation 
advice, training in operation and maintenance as ~ell as training 
in measuring and monitoring procedures (see para 4.2.2) in one 
mission. 

4.3 Analysis of scope for biomass gasification 

Apart from the above activities the Directorate of 
Energy must embark on a study in order to quantify the importance 
of the decentralized power and heat qas sectors in Uruguay. As a 
first step the number of sawmills, waterpumpinq stc.tirms and 
gas/liqu:d fuel burning industrial equipment should be 
established c.q. estimated, includinr_J when possible maximum 
installed .~apar. it y and annual fur. I r.on:;umpt ion. Aa:>ed on such an 
overview ~hd in combination with additional vi:>1ts to selP.cted 
:>i tr.s it wll I he po:;;,ihlr. to fjr?l a r.lPart~r idr.a ahnut th1• 
role hioma:.!; rJa!;1f1rat.1r111 can pw;!;1hly play will11n ttlf' 11v1~rall 
llrur1uayan f'flPrqy !;1•rl or. 

I•, 
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ANNO l. US : Of 00.'N-ORArT WOOD GAS If I ER HANlJr A[ HJRfRS 

l) BECE (Biomass Energy Consultants & Engineers) B.V. 
Attn. Dr. r .G. van den Aarsen 
P.O.Box 498 
7600 Al Almelo 
The Netherlands 

2) Ct£VH S.A. 
Attn. Mr. R. Chevet 
40 Rue de Paris 

- 1noo Croissy Beaubourg 
rrance 

3) lt'BERT EN£RGIETECHNIK GPEH & CO. KG 
Attn. Mr. O. Zerbin 
Bonnerstrasse 49 
5354 Weilerswist 
Germany (rR) 

4) NEI FLUIDYNE (NZ} LTD. 
Attn. Mr. O. B. Williams 
2 Rabone Street 
Henderson 
Auckland 
New Zealand 

4) ETS. TOUILLET 
Attn. Hr. G. Touillet 
Division Gazeification HARTEZO 
237 Route de Paris 
06010 Poitiers 
France 

5) S.E.S. (Soft Energy Systems) SPA 
Attn. Mr. C. Gloria 
Via Cuneo 20 
Torino 
Italy 
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ANNEX 2 • MON I TOR WG E Qll! Pf£ NT 

In order to enable the Directr)["ate of Energy to pPrform 
some basic measurements • i th respect to gasqua lit y and e ff i c 1 ency 
of gasirication systems, following basic set of monitoring 
equipment is proposed: 

1) Gas composition a~d gas heating value 

OrsAt apparatus (including chemicals) 

2) ·Gas tar'~ust content 

THT tar/dust sampling system (including auxiliary 
equipment and chemicals) 

3) Gas flow 

2 venturi gas flow meters (including calibration graphs 
and pressure indicators) 

4) Gas temperature 

1 thermocuople (O - 200 ~C) 
l thermocouple (0 - 700 C) 

including mV meter and calibratior. ~~~phs 

' I 1 
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ANNlX 3 • SPE c If I CA Tl ON or OOWN-DRAr J WOOD GI\'.) [I l l' M I ll:\ 'i l :i It M 

1. Scope of supply 

The supply shall include the following: 

- The supply of a 80 kW(mech) eucalyptus wood fuelled gasification 
system (exclusive diesel engine and irrigation pump) for rice 
irrigation purposes. 

- The seaworthy packaging and transport to Montevideo, Uruguay of 
above ..Ood gasification system. 

2. Design Requirements 

2.1 General 

The Buyer requests one single 80 kW mech unit • 

. Supplier to take note that there is no auxiliary 
electricity supply on-site. 

All equipment and materials used for the entire plant 
shall be new, unused and suitatle for operation in a sut
tropical climate. 

The equipment shall be designed to permit rapid and 
economical maintenance. 

The arran~ement of the equipment, including pipin~ and 
auxiliaries shall provide adequate clearance and safe acces for 
operation and maintenance. 

The Supplier slrall ensure that ail sub-contracted 
ancillary equipment is of high quality and compatible with the 
rest of the plant. 

2.2 Gas generator 

The supplier shall deliver a fixed bed down-draft wood 
9asif ication plant. The unit sha 11 be capable of protluc ing 
adequate qu~ntities of clean gas, with a heatinq value above 
4,300 kJ/Nm , for producing a minimum maximum power output of 80 
kW(mech) by means of a dual fuel (gas/diesel) Oienel enq1ne. 

-4he plant shall be fuelled by hoqqed cucalypi u5 wr,ocl. 
Supplie~ to state maximum acceptnbie wood moi!Jt.urr cr111tcnt. 
maximu111 and minimum acceptable wood size arid max 1mr1m ;11·1·1•pt.;1.1lf' 
woorf anh content for e,f ficicnt ore rat ion of t tll' pl :1ril. 

The fuel feec1inq r;ystem ;mcl a5h rwnova. ~;v:;t 1·m rd t tu• 
plnnt will be manually operat.Pd 

111 
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Jhe fuel bunker of the plant will be of sue~~ size that 
unner circumstances of full load only once in every two hours 
fuel feeding will be required. 

The gasifier shall be able to start up and come to full 
performance within a period of half an hour from the beginning 
of starti~g procedures. 

The gasifier shall be capable of re3ponding to load 
changes fro~ 20 to 80 kW mech within J minutes. 

The gas generator will be equiped with sufficien~ and 
adequ&te instrumentation to quickly discern and diagnose 
malfunr.tioning and its cause(s). 

Any ancillary equipment like for instance air 
compressors (for cleaning bag filters), axial blowers (for gas 
cooling), start-up fan etc. shall be included in the supply. 

The plant shall work efficiently requiring only routine 
maintenance.by unskilled labour. Supplier to slate operation and 
maintenance r~quirements in manhours per plant opeLating hour. 

Supplier to include all necessary equipment for gas 
cooling and cleaning. 

The gas cleaning/cooling section will be equiped with 
sufficient and adequate instrumentation to quickly discern and 
diagnose malfunctioning and its cause(s). 

Supplier to state and guarantee: 

- gas heating value 
- gas tar content at engine inlet manifold 
- gas dust content at engine inlet manifold 

under load conditions of resp.· 80, 40 and 20 kW mech. 

Supplier to deliver a control system for the dual 
fuelled Diesel engine. 

Supplier to state and guarantee engine diesel fuel 
consumption (1/hr) under conditions of: 

- full load (80 kW mech) 
- half load (40 kW mech) 
~ quarte• load (20 kW mech) 
~ 

'he equipment shall come with a complete set of sp~re 
pRrlG for an operational period of tw0 years. 

'.iupplwr to inc:lud<~ all !>fl1?r.1al tool!; rH!cr.!;!;ary for 
qa!;Hi1?r :;r?rvic:r~ arid maintrmm1c:e in thr. !rnpply . 

1 ') 
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Supplier tu i11.:lude followiny documentation: 

- plant outline dimension drawinCJ and arrangement drawiniJ, 
- cross-sectional drawings of all eGuipment ~ith part list, 
- instruction manual for installation, operation and maintenance, 

including technical data sheets for all equipment anJ tarininq 
manual, 

- spare part list. 

2 () 

. -.. 
!- - . 



• 

• 

ANNEX 4. OUTLINE or PlHSONNEL TRAINING PROGRAMME 

1) Fuel preparation 

- Best way of fuel preparation to eliminate waste. 
- Effect of fuel size variations on gasifier performance and gas 

quality. 
- Effect of fuel moisture content on gasifier performance, gas 

heating value and gas contamination (tars). 
- Effect of fuel moisture content on engine performance and engine 

maintenance. 

2) 

Pr~~ticcµ jnstruction in: 

fuel sizing 
fuel storage 

Gasifier Operation 

Theoretical Aspects: 

- Basics of thermo-chemical processes involyed in the generation 
of producer gas from wood. 

- factors effecting ,asifier performance and gas quality. 
- Gas treatment: cou~ing, cleaning. 
- Gas/air mixing: factors effecting mixture homogeneity and 

combustion. 

Practical Aspects: 

- Visual assessment of gas quality from test flame colour. 
- Essential discipline in efficient and safe gasifier operation: 

- pre-start plant inspection 
- operation 
- post shut-down service and plant inspection 

- Operating technique, observations and fault diagnosis. 
- Refuelling 
- Ash removal 

Plant cleaning, routine periodic service, minor repairs, 
rPplacement of parts. 

- Logbook keeping 

3) Engine operation 

Theoretical Aspects: 

Operati~ principles of dual fuelled Diesel engines 

--

Operating principles of engine governor I --: 
- Operating principles of ga:./air mixer 
- r flr!cl. of cnqine load on qa;,ifier performanrc and (j<l!> q11al1ty 

2 I 
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Practical Aspects: 

- llse"of manufacturer's operating and mainten3nce manual~. 
- Routine servicing of engine (lubrication oil inspection, oil 

filter, air filter), 
- Engine start-up, operation, shut-down, 
- Engine instrumentation, 
- [ngine operation safety procedures, 
- [ngine logbook keeping. 

4) Gasifier/engine instrumentation 

Theoretical Aspects: 

- Relatiohs-between instruments read-out and operating efficiency 
of individual systems, 

- Instruments as aids in plant and system fault diagnosis. 

Practical Aspects: 

- Operation, 
- Protective systems, 
- Instrument read-outs, 
- Instrument adjustment, 
- Maintenance 

Operating safety procedures, 
- logbook keeping. 

5) Health, safety and first aid 

In addition to instruction in safety procedures 
applicable to the operation of the plant in general and of 
particular items of plant and equipment, the training includes 
general instructions in health, safety and first aid appropr1ate 
to a plant which produces and utilizes producergas. 

This aspect of the training shali ']ive particular 
emphasis to gas leak prevention, gas detection, carbonmonoxyde 
poisoning symptoms and remedial action, as well as fire 
prevention, protection against skin burns and their treatment, 
precautions against cuts and the treatment of cuts and bleedings. 

6) Standard of operating competance and discipline 

Throughout the progress of the training programme, 
trainees shall be called upon to demonstrate a satisfactory level 
of knowledge and skills in the safe and efficient exercise of the 
particulartasks in which they are beinq trained and also to 
demonstra\~ awareness of their role and responsabilities in 
ensuring safe and efficient functioninq of other opcrnlinq 
pe rnonne J mid of I he p I riri t in qcm? rn I. 

. ~ 
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ANNEX 5. ITINERARY 

09 July 19118 

10 July 1988 

11 July 1908 

12 July 1988 

n July 1988 

14 July 1988'" 

15 July 1988 

16 July 1988 

17 July 1988 

18 July 1908 

19 July 1988 

20 July 1980 

21 July 19B8 

22 July 1988 

+ 
23 July l98A 

24 .Ju I y I 'Jflfl 

Departure EnschPde, The Netherlanus 

Arrival Hontivideo, Uruguay 

Initial Discussions Ministry of Energy and 
Indus tr~·, Directorate of Energy 

Detailed Discussions Directorate of Ener~y 

Visit Wood Gasifier Pcwered Sawmill 

Visit UM>P Office 

Visit ~ood Gasifier fuelled Ceramics 
factory 

Visit Charcoal Gasifier Powered Sawmill 

Visit Experimental Research Station 
"Trente y Tres" 

Evaluation Of Visit Results 

Sunday 

Preparation Course "Aspects of 
Biomass Gasification" 

National Holiday 

Preparation Course "Asoects of 
Biomass GasificatioFl" 

Course "Aspects of Biomass Gasification" 

Course "Aspects of Biomass Gasification" 

Course "Aspects of Oiomass Gasification" 

Course "Aspects of Biomass Gasification" 

Evaluation of Course 

[valuation of Mis:>ion fie SU lt. S and 
Tentative Hecomrncndat iom; 

Dcpnrlurc Mont. Pv i rlt~o, I J rw1uay 

.\rr1val I w;dwdf', I lw NP I hr~ r I and.!; 
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