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SUMMARY

In 1985 UNIDO, undcr the programme for the Industrial Development Decade
for Africa, started the Demonstration Programme on Use of Indigenous Biomass
Resources for Meeting Encrgy to cxaminc the technical and socio—economnic viability
of generating energy for rural usc by means of gasification of agricultural residues.

The main purpose of the project was to validate the feasibility of the pilot
gasification technology with a view to promoting its utilization in the PTA subrcgion
and to increase the capabilities of the technical and maintenance personnel by
carrying out in plant training and organizing a subregional training wortkshop.

It can be concluded that results and cxperience gained at the project certainly
justify the inputs made and have provided thc community with very valuable
information and even proven that the technique can beccome technically and
economically viable under ccitain conditions, conditions likely to be found in rural
applications. The development, especially for most of the developing countries, of a
new technique, is an ongoing process with repeated testing and modifying. The readcr
is asked to have a glance on the development of the automobile - still an ongoing
process.

The third phasc of the Programme started mid 1990 and was tcrminated by the
cnd of 1991.

The cxperience at the project, when ncglecting the initial bottlenecks and
shortness, and intcrnational experience clearly indicate that the most common types
of gas producers, downdraft gas producer with V-type throat, can certainly be uscd
for gasification of sclected agro wastes, in this case, corn cobs. This type of gas
producer is normally called "Imbert type”.

The tests further proved that a gas cleaning train built on a water scrubber, for
tar climination, a modificat‘on of the original Ankur gas clcaning train, is a simple
and technically viable solution.

The cconomical cvaluation indicated that the original design of the SES's gas
producer (and gas clcaning train) rcsul’s in an investment cost, cven when locally
manufacturcd, which can not be justificd. The investment cost of the Ankur plant was
approximatcly onc fifth of the SES plant and would have been comparable to a dicscl
plant provided functional.

To simplify the manufacturing and to reduce the manufacturing cost, the SES's
gas produces has been strcamlined and cquipped with a turnable grate, all in linc with
a traditional Imbert type gas produccr.

For a comparison, a cost cstimation on manufacturing of the strcamlined
cquipment in Sweden was carricd out. The cstimation gave an investment cost of the




gasification equipm nt (gas cleaning and gas producer) to approximately half of the
Sub-contractor's cost estimation, based on the Zimbabwcan conditions and on the
original design of the SES's gas producer.

The economical cvaluation, based on the altenative cost estimate, clearly
indicated that the technique is economically viable, provided the price of the diesel
"free in tank of the engine” is approximatcly 50% higher than the price of the diesel
at a filling station in Harare (US$ 0.25 per litre) and that the cost of the waste is not
higher than US$ 20 per ton, including the cost for feedstock preparation.

These conditions are: most likely to be fulfilled for rural installations, provided
the plants are installed where feedstock can be supplied by minimal transport needs,
thus with a big potential to alternative means of power generation.

The fuel preparation cost at the pilot project amounted to about US$ 10 per ton
corn cobs.

The tests carried out at the project further showed that out of the for this project
identified feedstocks, namely comn cobs, groundnut shell pellets and coffee husks,
only com cobs was a suitable fuel for the actual type of gas producer. It was also
found that the required feedstock preparation is limited to cracking the cobs into two
to three picces.

The tests clearly indicated that the original gas cleaning equipment of the Ankur
plant was insufficient and that the performance of the plant was not good enough for
fuelling an Otto engine generator sct with an clectrical output of 40 kW. The SES
fulfilled this requirement and the plant supplicd a quality of the gas where limited
excess wear of the engine can be expected.

The shortness in the gas clcaning systems, SES's too cxpensive and Ankur's not
functional, have been considered and a modified gas cleaning cquipment have been
designed and is described in this report.

The Pilot Programme has to a great extent included training, on different Ievels
and at different stages, resulting in a large number of people that have reccived thc
possibility to be trained. On the same theme and to promote dissemination of the
technique, a PTA Gasification Training Coursc was carricd out at the project.

Training, which is a very important factor for a successful introduction, has been
considered scparately in an anncx to this rcport.

The expericnces drawn are bascd upon a relatively limited number of operating
hours (approximately 1,000 hours). It is therefor cnvisaged that both plants are
operated for 2-3,000 hours further to cstablishe the very important long term
cxpericnees.
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1. INTRODUCTION

1.1 BACKGROUND

In 1985 UNIDO, under the programme for the 'ndustrial Development Decade
for Africa, through a project RP/RAF/85/627, later on called Phasc I of the
Demonstration Programme on Use of Indigenous Biomass Resources for Mceting
Energy Nceds, carmied out a pre—feasibility study /1/ to examine the technical and
socio—-cconomic viability of gencrating encrgy for rural usc by means of gasification
of agricultural residues.

The study identified coffce husks/parchment, densificd groundnut shells and
shredded and then densified comncobs to be employed as fucl for the Demonstration
Programme.

It was expected that the pilot programme would provide a sound data basc for
the application of this source of encrgy in the PTA subregion.

Prior to undertaking the study preiiminary investigations were carried out and
on the basis of the information and statistics made available fcr the study, Zimbabwe
was sclected as the host country for the pilot plant.

The pre—feasibility study, /1/, which included detailed plans for the following
steps of thc programme, as well as to which fcedstock to be used, has formed the
basis for future work.

The study proved the concept practicable and in 1988 UNIDO carried out
anothcr project, XA/RAF/88/681, which has been called Phase II of the
Demonstration Programme.

The output of Phasc I was to have a fully operational pilot gasification plant,
with design drawings and production process specifications of cquipment compatible
for local manufacturing, installed, de-bugged, the tecknical personnel trained and a
description of the pilot programme to be carried out as Phase 11, all complceted by
cnd of 1989,

The implementation of Phase Il was started in April 1989, when the Chicf
Technical Adviser was appointed. Duc to the available time the sccond phase had to
be streamlined.

The proposed densification of the agricultural waste, before gasification, was
at this stage climinated from the programme. The rcason was (is) that densification
(brigquctting/pcllctizing), is an cxpensive process which results in a feedstock price
that can not be justificd for producer gas operation in the actual scale. The identificd
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wastes do not contain natural binders and it was assumed (based on intcrnational
cxpericnces) that the briquetted/pelictized fucl wou'ld not withstand the gasification
process unless expensive binders were added. Another reason to the exclusion was
that the frames of Phase Il were not either enough to include densification.

The second phasc was start:d with CTA's famil.arization mission to Zimbabwe
12/ to re—-activate the organization in Harare.

This mission was followed by a combined Study, Training and Equipment
Selection Mission /3/ which ended in the recommendation and purchasing of a S.E.S.
GE-40 gasification unit from Italy, to 100 % fucllcd on producer gas and a sccond
gasification unit, Ankur's dual fuclled biomass gasificr BG-40, from India.

A short term consultant was appointed in April 1989 to carry out the Potential
Sources of Initial Gasifier Design /4/ for the project and for the planning of the
combined study and sclection tour togcther with the CTA.

The plants arrived (after delays in shipping) in Hararc in the beginning of
December and were instalicd at Nijo Estate on the outskirts of Hararc. The plants
werc preliminary tested and commissioned, before the end of the year, with assistance
from an Engincer from each respective company and with the assistance from
Cochrane Engincering (Pvt) Ltd.

The S.E.S. plant was the only plant connected to the load, a water pump for an
irigation scheme at the Estate, due to the delays with the civil works. After short
tests, it was decided, duc to the fact that no operators had received the opportunity
to be fully trained, to closc down the project and preparc/prescerve the cquipment for
the incvitable intermediate period to come, before the next phase was funded and
could be implemented.

Most of the outputs for Phase 11 were fulfilled, the key people were recruited
and the plants were ready for pilot testing during the following phasc.

The statistical work was decided to be completed at a later stage (Phasc H{) and
the contract for the Project Director and the Sub-contractor, (Cochrane Engincering
(Pvt) Ltd) was shorter than originally proposcd, simply duc to the limited time. The
time factor also strcamlined the output related to the testing and specifying of the
final design and the following phasc.

After presentation of the final report from Phase 11 /5/, Phasc HI of the
Demonstration Programme, Project XA/RAF/90/602 started in July 1990. The project
activitics at sitc started in August with thc CTA's mission to Zimbabwe, summarized
in CTA's 1st Mission Report /6/.

The sccond phasce involved, in bricf, all the nccessary work up to the beginning
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of the test runs.

The duration of the third phase was 16 months and the whole Demonstration
Programme <nds with a report (this one).

Interim reports, Quarterly Report /7/ and Third Mission Report /&/, have earlier
been presented, by the CTA, on the third phasc.

For assisting in the testing and evaluation of the feedstock and the gas
producers, UNIDO appointed a Short-term Consultant in March 1991. The consultant
presented a technical report /9/ to UNIDO, together with Outline of Biomass
Gasification Course for PTA-countries.

The notes from the combined seminar/course which was conducted by the CTA,
the Project Director and the Project Operator in September 1991, have been reported
tc UNIDO /10/ and will be distributed to the participants.

UNIDO appointed another consultant, Statistician, for six months, to carry out
a market survey and potential for the local manufacture of gasificrs in the subregion.
The results of the statistician's appointment have been presented in a report to
UNIDO, Crop Wastes as Feedstock for Gasification /11/.

As carlier mentioned UNIDO appointed a Sub-contractor for assisting in the
installations of the pilot plants. The same Sub-contractor was appointed during the
duration of the third phase for assisting the project with mzintenance, modifications
and in technical matters as well as in proposing an appropriate gasificr unit for
operating under local conditions. The Sub-contractor has submitted a final report to
UNIDO /12/ on its engincering services.

Besides all the reports mentioned above, the Project Dircctor has continuously
submittcd Monthly Progress Reports to UNIDO /13/.

The CTA attended, upon rcquest by UNIDO, a mecting in Lusaka in
Scptember, 1991, to inform the PTA Sccretariat, under the theme to further promote
the disscmination of the technology to the other PTA-countrics. The Demonstration
Programmec cxpcricnced a very big intcrest.

This report, which is written from thc CTA's point of view and after recciving
the Sub-cor tractor's and the Statistician's reports, is the final report on Phase I and
the present Demonstration Programme.

Various discussions, bascd on the interest cxpericnced, have been held on
possiblc alternative proposals to supported extensions and spin-off activities, but it
should be mentioned that nothing has been decided upon.




1.2 AIM OF THE PROJECT

Since the two first phascs of the demonstration programme have been
claborated in the respective final reports /1 and 5/, this rcport/project mainly
covers/refers to the third phase, unless otherwise mentioned.

The aim of this project, which can be seen in detail from the project documents
in Annex A to D, can be illustrated by the four anticipated outputs:

> A fully operational demonstration gasification programme in the PTA
subregion.

» A report containing description of the design and fabrication of the gasification
technology, the characteristics of operaticn of the gasifiers indicating the design

modifications necessary for optimal functioning with the different agricultural
resources/feedstock; economic analysis/data of the field trial of the technology.

» A report on marketing survey and potential for the local manufacture of
gasifiers in the subregion.

» A corc of elever operation and maintenance personnel trained in all aspects of
gasifier operation, monitoring, enginc maintenance, fuel preparation, load
conncction and managemcent of overall operations.

Guidelines for a training programme is given in Annex E.




2. TECHNICAL CHARACTERISTICS

2.1 SYSTEM DESCRIPTION

A detailed description of the two plants can be found in the Sub—contractors
report to UNIDO /12/, including drawings.

The confidentiality, as well as to reduce duplication of information, has guided
the presentation.
6.1.1 The S.E.S plant as received

The layout of the SES model GE 40 gasification unit is attached in Annex F,
together with some photographs of the ylant.

System specification
The following system specifications were provided by the manufacturer:
Primary biomass fuel Wood
Acceptable MC 15-25%
Max fuel size 5x5x5 cm
Ratced capacity:
Gas producer 98.000 kcal/h
120 m3/h
Gencerator 40 kW max
35 kW rated
Pcrformance at rated load:
Gas producer cfficiency 75-80%
Fuel consumption 1.3 kg/kWh
Internal clectricity consumption 22 kW
Pressure loss (gas trcatment) 60 cm Wg

Possiblc feedstock:

Corn cobs, corn cobs/wood mixed
with othcr agricultural residucs
with low ash content.




Gas producer

The gas producer is of the down-draft type (Imbert) with a condensation jacket
in the hopper. The throat is of V-type with a throat diamcter of 125 mm. Air is
supplied (sucked) through 5 air nozzles, positioned about 100 mm above the throat.
The gas producer is not provided with a grate, and the charcoal bed is resting on the
bottom of the gas produced. The height of the reduction zone is approximately 200
mm.

The gas producer is equipped with ports for ash removal and for filling of the
charcoal into the reduction zone.

The fuel is fed manually through a top lid of the hopper.

A pressure fan is temporarily connected to the air inlet during start-up and the
gasifier is started by inseriing burning wood shavings, paper etc into the air inlet and
blowing the fire (by the fan) into the throat. The fan is operated, and the raw gas
flared off from the gasifier, until the heat is built up. When the quality of gas is good
(blue, clean flarc) the gas is let into the gas treating train and flared off just beforc
the engine. The purpose is to fill the system with clean gas up to the engine.

Gas treatment

After the gas producer the gas passes through two parallel swarf filled bed
filters, a scrubber equipped with forced cooling, a disk type baffle filter system and
finally, through a large bed type filter filled with wood wool or wood chips.

Gas mixer

The producer gas and air is mixed just before the inlet manifold in a gas mixer
consisting of butterfly valves linked with turnbucklcs for sctting the air-gas ratio. The
mecchanical governor reads the rppm and adjust the valves through a linkage system
accordingly to maintain 1500 rpm (50 Hz).

Engine
The cngine is a six cylinder FIAT-IVECO dicsel cngine type 8361,
displaccment 8.102 dm3, converted to spark ignition for produccr gas. Compression

ratio taken down to 11:1 by modificd pistons. The maximum power rating on dicsel
opcration, before conversion, is 71 kW at 1500 rpn.

Generator

The generator is a 3 phasc, 78 kVA (cos phi ().8) 3807220 V AC gencrator from
Tessari, with frequency 50 Hz and 1500 rpm.
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The generator and engince is skid-mounted as ordinary standby gencrator sets.

Control

Besides the ordinary controls, mounted in a lockable box which is fitted to the
generator set, a kWh meter was added for reading the energy supplied.

S . .

Besides the standard control panel, the producer gas cquipment is equipped with
thermometers and taps for pressure gauge (plastic hoses or U-tubes) or gas sampling.
2.1.2 The Ankur system as received

The layout of the Ankur model BG 40 gasification unit is attached in Annex
G, together with some photographs of the plant.

S ficati

Dual fuel operated diesel/producer gas cnginc

Primary biomass fuel
Acceptable MC
Max fuel size

Rated capacity:
Gas producer

Gencerator
Tum down ratio

Performance at rated load:
Gas producer cfficicncy
Fucl consumption
Intemal clectricity consumption

Typical dicsel replacement

Gas composition:
Co
H2
co2
CH4

Wood/woody waste
5-20%
125 mm

100.000 kcal/h
100 m3/h
40 kW clectricity rated

1:3

70-75%
1-1.2 kg/kWh
1.9 kW

65-75%

19 +-3%
18 +-2%
10 +~3%
up to 3%




Tar 0.005%
Soot 0.005%

Gas producer

The gas producer is of downdraft type. The throat is an integral part of the
conical hopper and has a diameter of approximatcly 120 mm. Air is supplied (sucked
in) through two inclined pipes which also constitute the air nozzles. The height of the
reduction zone, from the fixed grate to the throat, is approximately 48 cm. Below the
grate, the gas producer extends into a chamber with a conical bottom extended with
a pipe. The pipe ends in a water pond (water lock), from where the ash is removed
manually.

A vibrator is connected to the gas producer to agitate the fecdstock and the ash
removal.

The cngine is started on diesel and should be run on diescl until the engine has
reachcd normal operation temperature.

The gas producer is lit by holding a flare to the inclined pipes and during start—
up a centrifugal fan is used to suck the flare and air into the gas producer. The raw
gas passcs trough the gas cleaning train, which is also switched on during start—up
(scc below), and is flared off until the gas is of good quality.

When the gas is clean, the manual valves (cock valves) are gradually adjusted
by closing the flare-off and opening the gas supply to the enginc.

The gas and air is mixed in a T-pipc. The pipe from the air-filter is equipped
with a manual valve (cock) for balancing the pressure drop over the gasifier system
and the air—filter and thereby sct the ratio of the gas—air entering the inlet manifold.

There is onc manual valve (cock) before the centrifugal fan and onc similar
valve on the pipc to the flarc~off and onc similar valve on the main supply pipe. The
gas flow is controlled manually by these switch-over valves.

The instructions given by thc manufacturer's representative during the
installation was, that during hcavy loads, high pressurc drops over the gas producer
or low quality of the gas, the fan could be continuously run as a booster fan and its
supply (prcssurc) adjusted by the shift-over valves. The sctting of the valves,
including the valve on the pipe from the air-filter, is donc manually. The smoothest
opcration is judged from the sound and cxhaust smoke from the cnginc. The
combincd mechanical governor and dicsel pump controls the speed by controlling the
amount of dicscl injected.




For low load, good gas and low pressure drops the fan is switched off and the
switch-over valves fully opcn for the main flow. The air-gas mixturc is now
balanced for smoothest opcration by adjusting the valve at the air filter.

To check that maximum dicscl replacement is achicved, the dicsel tank is
equipped with a measuring cylinder and a switch-over tap. By clocking the
consumption, or when experienced observing the level of the diesel in the measuring
cylinder, the diesel replacement can be calculated or judged.

Gas treatment

From the gas producer the gas passcs a cyclone, a venturi scrubber and finally
a combined water separator and a fabric filter. The water scparated after the scrubber
and from the filter box is drained through pipes submerged into a sedimentation
pond. Scrubbing water is recirculated, after a two step sedimentation, by means of
a centrifugal pump.

Engine

The engine is a six cylinder, four stroke Leyland-Ashok dicsel engine, type
ALU 370. The displacement is 6.075 dm3 and the compression ratio 16:1.

The engine is equipped with a mechanical spced governor controlling the diescl

injection and for dual fucl opcration, the air valve is closed by the opcrator until
smoke is visible in the exhausts.

Generator

The generator is a brushless 3 phasc, 50 kVA (cos phi 0.8) 415 V and 50 Hz
and 1500 rpm AC gencerator from Kirloskar Electric Co Ltd India.

Conitrol
The sct is equipped with the most clementary control pancl in a scparatc box

mounted on a wall. The pancl on the enginc has a temperature, a oil pressure and a
rpm/hour mcter.

System instrumentation

The plant was originally cquipped with three pressure taps and a level gauge
for the fucl tank.

9




2Z PLANT PERFORMANCES

2.2.1 Plant performarces as rcceived

Both plants are initially designed for wood as pnmary fuel. However, both
man'ifacturers cnsured, during the Equipment Selection Mission /3/, that their plants
could operate on com cobs but with a slight derating. Other woody agricultural fuels,
witn low ash content, would likely be acceptable, preferably in mixtures with wood
or maize cobs. Both manufacturers stressed that cut of the fuels identified for the
demonstration programme, only maize cobs had been systematically tested.

During the commissioning, the SES plant peaked, on maize cobs, over 35 kW,
which is the rt~d capacity. Under good conditions, very dry cobs and when using

carpentry dry "+« 1d, the peak capacity (40 kW) could be achieved.

The plant was casy to start if the instructions were followed and the speed
control automatically maintained the speed (1500 rpm) from no load to rated load.

The attcation is limited to filling of the feedstock and de—ashing and cleaning
of the ga< Cleaning equipment.

The plant was indeed handed over in tum-key condition and ready for
operation when the SES engineer (appointed for the installation/commissioning) left.

The Ankur plant could not be loadcd during the commissioning due to delays
in the civil work and the tight time schedule. Priority was paid to the SES plant due
to two rcasons: The SES plant was designed (and completed) for quick and simple
installation. The civil work for the Ankur plant was not completed and some minor
parts were nceded before the plant could be asscmbled. The concrete/brick made
watcr ponds had to be modified (though made according to carlicr reccived drawings)
sincc the dimensions did not fit the plant.

Howcver, the plant might pcak 40 kW, since the gas-air-dicsel regulation
opcrates (automatically through the mcchanical governor) in such a way that,
provided the oxygen (air) flow is cnough, the engine will maintain the capacity on
the expensc of high dicsel consumption. There arc limited possibilitics at present (not
cnough load) at the project to gradually step up the load to test the plants at higher
loads. The cstate’s pump station, which initially consumed 30-40 kW, is now
consuming over 40 kW and faced its own problems. The availablc load was the dricrs
and thc workshop.

The automatic speed control can only cover smaller load variations within the
actual load interval. The air-gas~diescl ratio, which is controlled manually by a valve

(cock) on the air pipe, can only be sct for a fixed load, rpm and quality of the
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produccr gas. As soon as any of thesc parameters changes a new setting is needced.
Besides these parameters, the pressure drop over the gasifier varies during operation
(and with fcedstock) and the pressure drop over the air filter and especially over the
gas trcatment train varies with flow, temperature, degree of dust collected on the
filter etc. It is obvious that it is very difficult to maintain optimal conditions and a
skilled and all the time present operator is needed. However, the engine does operate
without any bigger problems, for smaller deviations from optimum, but on the
cxpensc of low diesel replacement.

On top of this; the diesel replacement can only be dectermined by
simultancously reading the kWh produced and diesel fuel consumed over a certain
time. This diesel consumption has to be compared to what the dicsel consumption
would have been in (full) diesel operation during exactly the same operation

.. conditions. However, with time, a good operator gets the "fecling™ of how good the

diesel replacement is, “wt he can never know exactly unless following the procedure
above.

The Ankur Enginecr’s instructions, during installation, was that the gas flow
could be set by measuring the air velocity in the pipes supplying the air nozzlcs,
either by an anemomcter or by sensing with the fingers. The velocity should be about
15 m/s for best operation of the gas producer.

It is obvious, that this type of regulation is only applicable to operation under
practically constant load (in a laboratory).

Finally, it has to bec mentioned and stressed that, the aim has never been to have
a dual fuel operated plant for the demonstration programme (the actual Ankur plant
is designed for dual fuel operation). During the selection, ordering and purchasing of
the equipment is was agreced that the manufacturer should try to supply on Otto
cngine, but with clear reservations that a dual fuclled plant would be supplicd if
Ankur's cnginc supplicr could not supply retrofitted dicsel engine within the tight
time frame available. The Ankur system was considercd to apply other technical
design solutions, which were of interest for the programme, and thereby justificd the
purchasing.

The initial tests results were presented in the Short-tena Consultants report to
UNIDO /9/ and somc of the test results are presented in Annex O. The SES and the
Ankur plant had then been operated for approximately 300 and 160 hours resnectively
before the tests.

The plants were operated for approximately another scven months before the
official closc down of the third phase of the programme. The SES rcached over 1,000
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hours of operation and the Ankur plant rcachcd approximately 700 hours of
opcration. The accumulated hours would have been higher unless the project had
faced labour accommodation and transportation problems.

The operation cGuring the last half year in gencral, confirmed the findings and
test results carlier achieved. The goal should now be to operate the two plants for 2~
3,000 hours more to be able to establish lifctimes and long term expericnces.

2221 Tests of the proposed fucls

The three types of fuel identified for the pilot programme werc com cobs,
groundnut shell pellets and coffec husks. See Annex O for test results.

Coffce husk

The coffee husk was not considered a suitable feedstock for the actual type of
gas producers, downdraft gas producer with V-type throat. The available coffee husk,
which was studicd during a field study to Banket, shows many similaritics to rice
husk and can likely be successfully gasified in gasificrs of the type used for rice
husk, open core gasificrs with moving grate. The judgement was donc without
carrying out any tests at site, but based on intcrnational expericnces.

Com cobs

The main feedstock used, for both plants, during the course of the programme
was corn cobs. This was expected and the fucl collection guided accordingly.

It was found nccessary to prepare the maize cobs by cracking/cutting the cobs

into three picces, not to cause bunker flow problems in the SES gas producer. The
Ankur gas producer can likely swallow cobs cut into only two picces, perhaps cven
whole picces, if one can find the right frequency and amplitude of the vibrator fitted
to ihe gas producer. The moisture content, of the cobs received varied from 10 to
16% and suitablc without further drying.

The manual cutting/chopping of the cobs is a labour intensive operation, but
docs not require any investment in cquipment nor any skilled labourers. The fucl
preparation cost, included chopping and filling up day storc, amounted to 51 Z$ per
ten (which is cquivalent to about 10 US$/ton).

Both plants performed, in genceral, as expected on corn cobs.
It was found that the char gencrated during the gasification of corn cobs is less
than char consumed during the reduction, i.c charcoal has to be added. In fact it has

been established that the charcoal bed have to be empticd and refilied after 36 hours
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of operation. The usabie char is sieved out and fed back toether with new charcoal.
This equals to a charcoai consumption, for the SES gas producer, of approximately
0.08 kg/kWh. it should be mentioned tiiat, these figures have been verified for the
SES plant but the Ankur plant shows similar experiences.

Groundnut pellets

The groundnut pellets which had a moisture content of approximately 10%
caused high pressure drops over the gas producer already from start and increased
continuously. After a few hours of operation the engine could barely meet the load.

The fuel caused big slag lumps in the throat zone, which is related to the fuel
property (ash content, melting point) and to the likely high soil contamination.

The initial high pressure drop could be eliminated by increasing the diameter
of the pellets, i.e use briquettes. However, the rapid increase of the pressure drop
clearly indicated that the pellets disintegrated/fell apart (could be verified by
inspection) during the gasification process. The disintegration is likely to occur for
briquettes unless the briquettes (and pellets) are manufactured under higher pressures
and by using good binders.

It was concluded that groundnut pellets are not a suitabie fuel for the present
types of gas producers.

2.2.2.2 Tests of other wastes

Besides the mentioned fuels, a few shorter test with Macadamia nut shells and
Cotton stalks were carried out. Sce Annex H and O for the fucls tested.

The experience from the test on Macadamia nut shells were very similar to the
test on groundnut shells; high pressure drops and big slag lumps in the bed. It was
concluded that the Macadamia nut shells were not a suitable fucl for the actual types
of gasificrs. It has to be stressed that the nut shell received were very contaminated
with soil (sweep—ups) and further tests on clean shells should be carried out.

The plants were also operated, from time to time, on carpentry wastes (off cuts,
splinters ctc from a cratc manufacturing plant maialy), i.c wood wastes. The plants
performed as expected when the size distribution was as specificd by the suppliers.

A shorter test on cotton stalks was aiso carried out, but not in a systematic way
and with limited documentation to draw any decper conclusions. The cotton stalks
causcd bunker bridging in the SES plant. The Ankur plant showed less bunker flow
problems, duc to the fucl agitation by the vibrator. Cotton stalks have been gasificd
successfully clsewtcre and when optimal design and length is found the waste should
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not cause the experienced probleins.

2223 Fuel consumption

The specified specific fuel consumption for the SES plant could be achieved
during longer operations. The lowest reliable figure obtained was 1.15 kg comn cobs
per kWh electricity (net) supplied. This is calculated on bone dry matter.

The fuel consumption during short runs is very high due to the loss during the
start-up and stop. This applics to both gasifiers.

The specific fuel consumption of the primary fuel (the agro waste) for the
Ankur plant is in the range of the total consumption for the SES plant. On top of this
the diesel consumption was (at the same time) approximately 0.3 kg/kWh. It was
found that the engine has a high dicsel consumption even in full diesel operation,
especially on low loads.

The pressure drops stayed within the given intervals of the SES plant when
operating on corn cobs for less than approximately 8 hours. For longer operations the
losses gradually increased, especially over the gas producer.

The above applics to the original design. The pressurc drop over the installed
safety filter increased more rapidly with time

The pressure losses for the Ankur plant (original design) was also very stablc
until the char bed in gas producer was choked. The choking was found to be caused
by too violent vibration, leading to compactation, or when ash was bridging in the
chute of the ash outlet. The choking was likely to occur after scveral days of
operation, when the operators lcarnt how to run the vibrator.

The pressure drop over the original filter was very low (due to the very low
scparation cffect), but when testing a locally made cloth filter, fitted after the original
onc, the pressure increascd rapidly with the water saturation of the cloth.

2.2.2.5 Gas composition
The SES plant showed nonmal gas compositions when measured. Toward the
cnd of a two shift opcration it was obvious that the quality of the gas decreascs,

causing considcrably power loss. After 36 hours of operation (split into three runs)
the quality was obviously very poor duc to the channclling and high ash content in
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the reduction bed.

The gas composition actually measured for the Anki r plant showed lower
contents of the valuable components than stated by the manufacturer. During
operation of a producer gas nlant an experienced nperator can easily judge the quality
of the gas from the power and sound of the plant. As far as the Ankur plant is
concerned, this is masked by the poor diesel replacement and regulation.

2.2.2.6 Dust and tar contents

The SES plant operating on a newly filled bed filter and charcoal bed produces
a very clean gas (< 7mg/Nm3) and no tar could be condensated at 23,C. The
inspection of the inlet nmamifoid of the engine however shows severe traces of tar and
dust from time to time, probably when the bed filter is saturated or when the gas
producer is producing dirty gas (poor reduction).

The original filter for the Ankur plant caused thick deposits in the pipes and the
inlet manifold. The engine went through a top overhaul (cleaning) after 169 hour of
operation at sitc. Tests on dust and tar contents were not found meaningful before
improving the filter.

Three sampling tests were carricd out with the original filter and the dust
content gradually decrcased from 250 to 192 to 10 mg/Nm3. The result can be
explained by the gradually decreasing gas flow, which can be verified from the diescl
replacement measured at the very same time (dropped from 62 to 26%).

The dust test, when using an additional cloth filter, gave 83 mg/Nm3 at an
cstimated gas encrgy ratc of 71 kW.

Further systematic tests arc nceded after the modifications done and after
thorough clcaning of all the pipes.
2.2.2.7 Enginc oil analyscs

Enginc oil analyscs were carricd out for both plants by a company in Hararc.
The oil analysis gives very valuable continuous information on the condition of the
cngine, which in this casc practically means how contaminated the producer gas is,
i.c how cfficicnt the gas clcaning is. Onc stould not forget the ordinary air filter for
the enginc - the red (African) soil has shortened the lifetime of many enginces.

SES

The oil analyscs confirmed the gas anzlysis. Please see Ann=x 1. The evaluation
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on the gas analysis protocol said "compartment wear appears to be normal” and "iron
is slightly high, all other clement test results appear normal”

However, as we can see from the oil analysis results in Annex I, the wear has
been "extremely high” for some periods. These results coincide with periods when
there has been malfunctioning of the filter system resulting in heavy deposits in the
engine. The malfunctioning is likely related to the experience of the operators and to
the fact that the plant was originally not equipped with any safcty filter. There was
not cither any casy means of detecting the cleanliness of the gas unless opening the

pipes.

The plant was initially net equipped with a safety filter. The safety filter which
was fitied later on did not function properly.

Ankur

The evaluation of the first oil sample said "check for dirt entry”, i.e confirmed
what could be visually seen from the inspection of pipes and inlet manifold. The
cvaluation further said "excess fuel (dicsel) dilution”, which confirms the earlier
described simple regulation system for the speed control. Please sce An.ex 1.

Even after the modifications of the gas cleaning, the evaluations read "wear
higher than normal”. It is difficult without further analysis of the gas to tell whether
the higher wear is originating from soot and tar contaminatcd gas or from the poor
combustion conditions, caused by the complicated procedure required to maintain the
correct gas—-air—diesel ratio.

This plant originally lacked a safety filter, as well.

2228 Condcnsates, cffluent
Condensates

The total amount of the condensates gencrated has been measured to 35-75%
of the fucl moisture. These figures apply to the SES plant, where all the condensate
is collccted in containers and can casily be draincu and measured.

Condensate is collected from the hopper, scrubber, disc filter and a small
amount from the bed filter. Smallci amounts also condensate in the pipes/hoses and
in the back pressure valve just before the gas mixer. Condensate is also collected
from the later on installed safety filter.

Regarding the Ankur plunt, the situation is a bit more complicated. The
condensate from the venturi scrubber is mixed with the scrubber water and recycled
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with the water in the sedimentation pond. There has aot been any calculation done
on the liquid balance over the pond. It is realistic to assume that the amount and type
of condensates are similar to the condensates gencrated in the SES pant. However,
the Ankur plant does not generate any tarry, acidic condensatc from the gas producer,
since there is no condenser on the hopper.

The water in the ponds of the Ankur plant, approximately 1.5 m3, is changed
every sccond week.

Efflucnt

The liquid effluent from the SES plant are mainly the condensates. The water
of the ash pond under the Ankur gas producer contains lcaching water. Some water
is used, in both plants, for the washing of the filters and gets contaminated with soot
and tars.

The composition of the cffluent has not been determined. However, experiences
from similar types of plants abroad indicatcs that thc condcnsates contains
contaminations that arc not, say in Swedcn, allowed to be disposed into the sewage
systeni.

A simple evaporation/combustion system has been developed at the project
whereby the water is evaporated and the tars bumt. Sce Annex J.
2.2.3 Operation and maintenance

This scction applies to the original design of thc SES plant unless otherwisc
mentioned and is based uponr the information given by the project officer, i.c the

actual procedures at sitec towards the end of the third phasc. Examples of Daily
Opcration Rceports are attached in Annex N.

Daily

The daily operation requirc onc man available for about 5 minutes cvery half
an hour to cvery hour, depending on the load and bunker capacity of the fucl hopper.

The start-up period, from ignitica of the gas producer to connccting load
normally takes 15 minutes.

To cnsurc good quality of the gas and to keep the pressure drops under 300 mm
Wg, i.c to be able to take full load, the charcoa! bed is empticd on daily basis. This

applics to continuous runs with a length of approximately 5 to up to 16 hours.

The bed, which contains ash and unburnt charcoal, is sicved and 172 to 3/4 of
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the charcoal is reused. The rcactor takes 34-35 kg of charcoal to fill after being
completely emptied.

The whole procedure, until the engine is running, takes 1.5 hours with two man
present, including the check—ups of the engine, batteries and the plant in general.

The fuel is filled into the Ankur plant half that frequent as compared to the SES
plant, since the hopper is bigger and the plant is operated in dual fuel. The plant is
occasionally operated up for only 50 to 50 hours before the ash chute of the gas
producer is clogged. During this period no maintenance is needed of the gas
producer. If the operation is forced much beyond this point (and vibrated too
violently) the reduction zone can become very compact which requires opening up
of the gas producer. To avoid, or rather to delay the opening of the gas producer, the
chute is collapsed by poking down through the hopper and reduction zone. The whole
procedure until the engine is running in dual fuel mode takes up to 2 hours. This
includes removal of ash from the ash pond, cleaning of the filter pond, emptying
cyclone from ash, draining condensate from the bed filter and general daily
maintenance.

Weekly

When opciating in two shifts the gasifier is emptied completely, the disc filter
and the swarf filled filter is washed and the scrubber is empticd and refilled with
water. Together with the inspection and general cleaning of the whole plant, including
preparation (refilling of the gas producer for immediate ignition on Monday
moming), the whole procedure takes two men about half a day. This is normally done
on Saturdays whereby both plants arc serviced in half a day with 2 to 4 men
available.

Other intervals

The filter bed is topped up if necessary, otherwise at least topped up with clean
shavings cvery 200 to 250 hours, whereby the dirty lower half is removed and clean
shavings added to the upper part. The filter is normally washed with water cvery
sccond weekend. The top is then left open to let the filter dry out over the weekend.

The condenser of the hopper is clcaned approximately every 250 hours.

The enginc oil is changed after 200 - 250 engine hours.

The safety filter cleaned every sccond week.

Swarf topped up or changed when found brittle, after about 100 - 150 hours
of opcration.
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23 OBSERVATIONS, MODIFICATIONS DONE AND FURTHER
MODIFICATIONS NEEDED

Out of the three fuels identified for the pilot programme it was established that
only the corn cobs are a suitable feedstock for the type of gasificr used. Hence, the
results, observations and modifications mentioncd in this chapter are gencrally related
to gasification of comn cobs.

As far as the gas cleaning and cooling equipment is concernced, it applics to gas
produced from agro wastes for any gas producer fuelling an Otto enginc with an
output in the range up to 40 - 50 kW when operated on 100% producer gas. The
reason to specifying "agro wastes” specifically is, that there is a tendency to higher
tar content in the producer gas and for that rcason a water scrubber system is
included in the gas cleaning train. When operating on wood and charcoal the
traditional gas cleaning trains arc simpler than considered here, especially for
charcoal gasifiers.

2.3.1 SES plant

The design in general is a bit complicated and unnccessarily sophisticated, with
many designs details, which gives a very good impression, but results in higher
manufacturing cost. The same function could most likely be achicved with a simpler
design. Here we refer especially to the gas producer with its double gas outlet boxes,
cooling rills, semi~spherical top lid, double mechanical filtering units etc. Some of
the parts also takes good workshop facilitics for manufacturing.

It should be stressed that the plant delivered was very professionally
manufacturcd .ind the design gives a very "industrial impression”.

For installation and manufacturing in developing countrics it is of outmost
importance that the design considers the local conditions.

23.1.1 Gas producer

The top lid started lcaking after a few hundred hours of operation and the
design of the groove in the lid for the gasket madc it next to impossibic to make the
gasket (asbestos type rope) stay in the groove when opening the lid. The big diameter
of the lid (samc as hopper) causcd also excessive exposions to the fumes during
fuclling.

The lid vas modificd to a flat disc-type lid using rubber as gasket material and
the diamcter was reduced by cxtending the hopper with a conical part. The hopper
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was also slightly extended to improve the condensing capacity and to increase the
bunker volume and thereby extend the intervals between fuelling. The result was
positiv-. Please see photographs in Annex F.

The oniginal perforated metal sheet, forming the inner jacket of the condenser,
inside the hopper, was extended by using a 15 mm square wire mesh. This mesh was
found to be an improvement, the holes (7 mm) in the original steel plate clogged with
tar and fines.

Future modifications; streamline the design of the hopper further. An extension
of the cylindrical hopper/condenser likely gives the same cooling effect as all the
rills. The hopper is now bolted to the gas producer, by using a big flange and gasket.
Experiences with a simple rubber gasket and the hopper standing in a Y-type groove
and locked with some simple spring locks are good.

The two gas outlet boxes, of the middle section, give an expensive design and
ash is deposited in the boxes. The double outlet likely gives a more even temperature
stress in the gas producer, but the same function can be achieved by simply welding
the outlet pipes directly to the jacket.

For relatively dry feedstock, like the com cobs used (10-12% MC), it can be
questioned if the heat exchange effect (for drying and preheating the fuel) justifies
a double jacketed middle section.

Proposed modification to be tested; Extend the cooling jacket of the top part

and make the middle section with only one jacket/wall and place the gas outlets in
the slightly extended bottom scction.

The bottom part of the gas producer does not contain any grate, with a result
that the wholc charcoal bed has to be frequently empticd to get the ash out. Besides
this tedious inconvenicnce, channels arc formed in the bed after approximately 10 to
12 hours of operation. After about 16 hours of operation the ash is hindering the
reduction and emphasized by the channclling, the quality of the gas and the high
pressure loss result in very low power output of the cnginc.

Future modification; A grate, which can be tumed by a handle to agitate the
charcoal bed for better ash scparation and thereby longer maintenance intervals,
should be installed.

The design of the ash and inspection lids arc gencrally secen of very good,
sturdy design which cnables quick and simplc handling without using any tools.
However, the gaskets show a tendency to lcak, which results in partial combustion
of gas and thereby high temperaturcs.

Futurc_modifications; Instcad of using asbestos-rope type gasket fitted in a
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groove in the lids, which have a tendency to be packed with dust and become hard
with time, it has been found possible to usc waste rubber tubes and flat disc lids.
Special attention has to be paid to the temperature, but by extending the length of the
flange and by using heat shields and/or insulation on the inside, the temperature can
be controlled to allow use of ordinary waste rubber tubes.

The design of the lids and gaskets are stressed, since leaking gaskets are very
common in field installations. It is also too common that when a gasket is damaged
therc is not any new ("Europcan typc”) gasket available or, if available, it is very
cxpensive becausc the types of gaskets used arc imported.

The gas producer is partly made of high alloy mctals which increases the
investment cost considerably, even more so if locally manufactured. Only long term
tests can verify if the anticipated longer lifctime applics and can justify the additional
investment.

2312 Gas cleaning and cooling

The gas cleaning train produced very clean gas during the initial stage when the
bed filter was filled with wood wool (likc thc onc used for fruit boxes). Please sce
the test results in Annex O.

The supplcmentary tesis, to detcrmine the clcaning cffect of the respective step
of the cleaning train was not carricd out, but it is belicved that the big bed filter
served an important rolc to maintain clcan gas. This statement is supported by the
fact that, when wood wool was not available, coke and grass was used as bed
matcrial, causing hcavy dcposits in the cngine. (This deposit in the enginc could be
scen in the oil analysis as well).

Towards the end of the third phasc it was obvious that the gas, from time to
timc, was not that clcan any longer. The rcason is not fully known, but during onc
of thc missions it was lcamnt that onc of the ncw opcrators did not fully understand
the function of the scrubber and did not maintain the corrcct water level. It was also
belicved that the bed was not compacted enough and was thercby saturated within a
short period. The leaking hoscs also gave higher volume flow through the system and
higher dew point. The higher dew point might have hade a ncgative cffect on the
clcaring sincc the condensation has a positive cffect on the clcaning.

It was further verificd that thc amount of soot trapped in the respective step was
incrcascd and the dust was trapped at later stages in the train. This can probably be
cxplaincd by lcaking lids of the gas producer. The volume flow increases through
dilution with air and sincc part of the gas is bumt. the calorific valuc of the gas
dccreascs and the engine calls for more gas, which further increases the volume flow.
(This cxplains the importance of tight lids and gaskets).
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Further modifications; The effect of the respective cleaning step should be
determined, with the view to eliminate the disc filter and replace the two swarf filled
mechanical filters with one cyclone, all to rcducc the investment cost. The
possibilitics to use a venturi type scrubber (see Ankur) should also be scriously
looked into, to reduce the investment cost of the scrubber. The rcason why these tests
(to bypass some steps ctc) were not carried out, is likely duc to the fact that, towards
the end of the project, the accumulation of opcration hours was stressed.

Any malfunctioning of the gas cleaning can not bc seen unless visually
checking inside the pipes, inlet manifold etc. This is not acceptable and a safety filter
was recommended /7/ and later on manufactured but not as proposed /8/. The safety
filter should choke the engine as soon as excess dust is passing through the cleaning
train.

Further modification; An improved combined condensate trap/safety filter
placed just before the gas mixer should be manufactured and installed.

23.1.3 Enginc and generator

Therc is not much to be said about the gencrator sct, it is of standard type and
a well functioning set.

The gas mixer corroded, which is rather duc to the gas clcaning (tcmperature
sink before the mixer) and tended to jam. The mixer is very simple to repair, but the
next onc should perhaps be made a bit sturdier and with better scaled bushings for
the valves.

2.3.2 Ankur plant

The Ankur plant is of very simple design and with a minimum of material used.
The limit has cven been passed for flanges and lids and by using too thin matcrial
thicknesses in the throat, lids ctc.

The plant was dclivered for dual fucl operation (as cxplained in Chapter 2.2.1).
The guidclincs for this project was 100% producer gas opcration. It can be concluded
that the rcgulation of the gas—air—di=scl is insufficicnt (docs not work), resulting in
very low dicscl replacement. Since dual fucl operation is not part of this project, it
is not turther discusscd in this chapter.

The Ankur plant "came sccond”, somchow, alrcady from the beginning, duc to
the bits and picces missing and latcr on duc to the malfunctioning filter and the dual
fucl opcration. The permancnt staff did not have the time nor the energy to fulfil the
tests recommended for this plant.
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Nevertheless, the Ankur plant contains interesting solutions and, most of all,
had a low investment cost. However, it is my fecling that we can not really state its
performance, but we do know its shortness and we have identificd modifications that
ceriainly would contribute to an improvement of its performance. There is a obvious
risk of creating new problems at some other stage if modifying too much (in onc
step) without testing. It is especially with the latter, where the uncertainties lies.

2321 Gas producer

The gas producer is of very simple design and does not contain any (known)
high alloy metals, except the steel bars in the grate.

The max capacity of the gas producer could never be tested since the regulation
always provided for high diesel injection and thereby limited the amount of gas
allowed. When trying to choke the air, to suck in more gas, the rpm goes down, more
dicsel is injected and the combustion air is not enough. However, it is likely that the
capacity of the gas producer is not cnough to produce 40 kW eclectricity on 100%
gas, since the diesel "takes over” too casily. The likcly reason is that the gas guality
is not good enough, especially on higher loads, as verified from tests.

A simple way of cstablishing this is to run thec SES gcnerator set from this
gasificr. The reason why this was not tricd was that the performance of the Ankur
filter unit was so poor that the risk was not taken to spoil the long term tests of the
Fiat enginc. Another, perhaps the most important factor, was the time available in
general and time consumed on the Ankur plant to improve the filter unit.

It has to be mentioned, as well, that thc Ankur plant (control pancl) was
damaged by a storm that tilted a brick wall.

For the future, the capacity of the gas producer and the quality has to be tested
as outlined.

The throat ring of the gasifier fell of, probably after gas lcaking and
overheating. Duc to the simple design, it was just a question of fitting a necw ring by
wclding. Long term tests arc required for more information.

The fuel and char agitator, the vibrator, agitated the char in the reduction zonc
too scverely causing compacting and clogging. Intcrmittent operation improved the
conditions, but to avoid clogging thc char bed and the ash outlct bencath had to be
poked.

The specific design of the gas producer makes it difficult to agitatc the char hed
under opcration, besides using the vikrator and poking. The poking docs not really

scrve the purposc during operation and with the risk to pokc out the char nceded for
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the reduction.

The ash outlet, through a chute into a water pond, at the same time acting as
ash bin, has many advantages, provided the ash could be better scparated from the
char. The ash in the char bed, together with the compactation, is the reason when
high pressure drop occur, and is likely the reason to the lower quality of the gas.

Future modifications; The bars at the bottom of the reduction zone should be
replaced by a grate which could be manually agitated (rotated). Not to cause
additional possible sources for air leaks, the shaft for rotating the grate should enter
the gas producer through the water scal (ash pond). The ash bridging in the chute is
believed to simply be a question of changing the angle, i.c the proper slope
determined for com cobs. An adjustable timer for the agitator is preferred, whereby
the optimum length and intervals could be found for each fuel.

An interesting obscrvation is that the Ankur plant seems to generate its char
consumed for the reduction. However, when 2/3 of the charcoal bed is consumed and
replaced by “"cob char” the bed becomes blocked. An agitation of the char bed, as
proposed, could solve this problem. Realizing that fact that the cob char form a more
compact bed (higher pressure drop) than charcoal, the diameter of the reduction zonc
has likely to be extended on future designs.

23.2.2 Gas cleaning equipment

The gas cleaning equipment has been claborated in carlier chapters. Despite all
the shortness and problems faced with this cquipment we have to face the fact that
the gas cleaning train is compact and simplc and thereby cheap to manufacture. The
design in general appcears very promising for the futurc.

The performance of the gas cleaning cquipment has not been possible to
cstablish in detail, mainly duc to the fact that it is difficult to judge what is duc to
weakness in the design, as such, and what is due to the low performance of the
manufacturing and/or installation (i.c. manufacturing is rcquircd).

The cycione was improved by adding a dust collection chamber to the chute
under the cyclore. The installation had limited pace for a proper chamber, but though
an improvement.

Euture recommendations; A standard properly manufactured cyclone with
extended dust collection chamber underneath, should be installed. Extension and
incrcased diameter of the gas channel out from the gas producer is rccommended to
cnsurc laminar flow into the cyclone.

The water scrubber rcpresents an interesting  solution, but again, the
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manufacturing performance of the venturi pipe and the injector nozzle is so bad that
the system can not show its possibilitics.

Future recommendations: Have a new onc manufacturcd to be able to test the
pressure gained back, water consumption, pump capacity nccded and tar and dust
scparation capacity. The water scparation modificd accordingly.

The combined filter and water scparator mainly acted as a water scparator from
the beginning. The filter fabric, as installed by the vendor, had a big hole since the
fabric did not overlap properly. The plant was opcrated S0 hours, as instructed, before
opened up. During this operation a considcrably amount of dust was carried over into
the system and the engine. A similar material could not be obtained locally (and no
spare onc available). After totally 169 hours of opcration, on thc same fabric but
properly fitted, the engine had really heavy deposits and future operation was
prohibited until the filtering was improved.

A cloth filter was tried instcad of the fabric, but duc to the small arca (approx.
0.5 m2) and the moisture the pressure drop increased rapidly with the dust collection.
A new filter container, with a large filter cloth, was made in a haste for the initial
tests. The cleaning cffect was improved but the pressurc drop was unacceptably high,
duc to thc condensation on the cloth. The problem with the condcensation was not
solved. Instead the original filter was uscd as a pre-filer and the cloth filter vessel
was tumed into a bed filter. The gas quality for this sct up is not fully known, but
obviously far better than the original sct up, as long as the bed is not over—
contaminated.

Future modifications; The original filter arca is too small and should be
cxtended 5-10 times, to allow rcasonable scrvice intervals. The usc of tight woven
cloth filters is a proven technique but condensation on the cloth must be avoided to
keep the pressure loss under reasonable levels.

It has also been noticed that the dimensions of all the piping is unnccessanly
small, causing cxcess pressurc losscs.

For further information, pleasc sce the proposcd design.

2.3.2.3 Enginc and gencrator

There is not much morc to be added to what has carlicr been said. The
instrumentation was sparsc and the Ankur's Engincer insistcd on having an cnginc
room crected, but the compromise was a wall between the enginc and the gasification
plant, for the control pancl.




2.3.3 Efflucnt and environmental aspects

Both vendors recommended water scrubbers for cleaning of the gas. This is
likely due to the fact that tars were expected. It has also becn confirmed that the
scrubber water, the condensates and the deposits in the systems contains what is
generally called "tars” (very complex compounds not fully known).

The contaminated scrubber water and drained condensates is an environmental
nisk, at the prevailing concentrations, and has to be disposed off accordingly. One
possible solution is to dilute the cffluent with water to allowable concentrations,
which does not scam a sound solution.

This problem was looked into at the project and a very simple method, which
is considered quite adequate at this stage, was tested.

A very simple kiln was used for evaporating off the water and buming off the
tars. A 10 to 20 litre tin, with open top, was perforated (this type of "stove” is
traditionally used for (temporarily) cooking by using charcoal or maize cobs) at the
bottom and all around, please see Anncx J. This tin is then filled with (anything that
burns) rejected charcoal and sweepings (cobs and charcoal), lit and placed on a (old)
plough disc. When the fire is going the condensate is poured, a few litres at a time,
onto the disc. The charcoal soaks up most of the water, the rest is steamed off and
the tar is bumnt. The very simple tests indicate that the waste/sweep—ups are enough
to burn off the condensates generated, but if not enough, additional waste is casily
available. The test further clearly indicated, that more effluent could be burnt per day
than the condensates generated by the SES plant during the same time.

For futurc handling of the wastc it is rccommended that all the condensates and
uscd scrubber water is first empticd into a bigger container, an 9il drum or similar.
The drum should be cquipped with a tap and a pipe for filling into the "destruction
plant”. The kiln should be equipped with a outer jacket (conc) to force the stcam and
cvaporated tar to pass through the fire/flare.

This simplc method is certainly an improvement with all its shortness and, in
my opinion, quitc an adcquatc solution for ycars to come for rural applications. In
urban usc, the cffluent can be deposited at community refuse dumps.

The soot and ash gencrated should be berried in a safe pit, preferably covered
to minimizc maceration, wherc there is no risk for contamination of water.

2.3.4 Technical viability

The continuity of the records kept docs not allow any traditional calculation of
the availabilitics of the plants. The "human factor” will likely mask the technical
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shortage and make the evaluation of the records difficult to read.

It can be mentioned, that for a producer gas opcrated (downdraft pilot charcoal
gasifier) sawmill in Tanzania' the results of the availability for the tree first years
for the sawmill was as foliows:

Total availability:
Year 1 Year 2 Year 3

Gasification cquipment ¥ 887% 884% 90.1%
Engine 100% 99.5% 89.0%
Sawmill P94% 90.1% 94.4%
Log supply 634% 765% 97.1%

Test runs, lunches, customs,
leaves, waiting for spares ctc 76.6% 96.1% 87.7%

Note a):  This item includes all the necessary repairs, preparations and
start-ups and fuelling, but excludes fucl preparation up to day
store.

The results from this pilot project (in Zimbabwe) did ccrtainly not achieve the
same very good availability. However, the intension with the above example is just
to show that producer gas technique can be tcchnically viable.

Many of the rcason for the lower viability for the plants, in Zimbabwe, can
likely be explained by the fact that the actual plants were operated on a feedstock
which has not yct been tested to the same cxtent, as for instance charcoal, but it is
realistic to belicve that after considering the proposed modifications similar records
can be obtained and thereby, indirectly, prove the technical viability.

Since the Tanzanian example has been uscd, 1 would like to mention that the
original (Europcan) gas produccr, and parts of the gas clcaning cquipment, was
replaced by a locally designed and manufactured gas producer, which ran for almost
5,000 hours beforc the project was closcd down for non tcchnical rcasons.
Furthcrmore, the ecnginc had by then been overhauled once completely and was due

! Result from the TWICO/SIDA Casification Project. Utilization of Charcoal Gasifiers for
Operation of a Sawmill. a Generator Setl and a Land Rover and Efficient Charcoal Production. |
Palm. 1988.

The resull covers March (935 to December 19BB. The total engine hours were 2,785 out of 5,918

total working hours.
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for another complete overhaul. The trials and errors had certainly caused excessive
wear of that engine, as has happened for the Zimbabwean plants.

It_can be concluded that the experiences from the operation of the two pilot
plants in Zimbabwze (and comparisons with international experiences) have not so far
indicated any problem which could not be solved. It is therefore believed, when
considering the modifications identified, that it is possible to design and operate a
producer gas plant that could show viabilities in the same range as the referred plant.

2.3.5 Service and maintenance

The service and maintenance routines, together with indications on the intervals
and duration of the respective routine, have been elaborated in previous chapters.

Due to the character of the project and relatively limited operation hours,
together with the shortness in the continuity of the record keeping, the information
gathered is not enough for calculation of the service and maintenance costs nor the
lifetimes.

However, the observations made are indicating that, if we neglect the initial
malfunctions and consider the level of available staff (from time to time) and if we
consider the modifications identificd, the service and maintenance needed, indicate
levels cxperienced elsewhere.

The same shortness in the record keeping is normally experienced for many
projects under similar conditions. This is not a technical issue, but though of outmost
importance for the feed—back and for developing and modification of the equipment.
This has been considered and guiding the design of the proposed training programme,
Anncx E.




24 RETROFITTING OF DIESEL ENGINES

The FIAT cnginc used for the SES plant was a retrofitted dicscl engine and the
expericnces from the operation at site arc very good.

The only shortness identified, which is not dircctly rclated to the engine as
such, was the batteries. The same problem seems to be cxperienced for all the
produccr gas plants of the same set up; using the cngine batterics for starting up the
gas producer.

The batteries arc heavily loaded during the start-up of the gas producer and
during cranking of the cnginc, especially when the gas quality is not good enough.
Due to the hcavy use of the batteries their maintenance are of outmost importance.
Practically this leads to repeated charging and it is very common that the terminals
of the batteries arc wom out or broken long before the battery is outaged.

Duc to this scrious problem it is recommended that the engine is cquipped with
a small carburettor (and a 1-2 litre petrol tank) for starting on petrol. The carburettor
must not be able to take any load. The engine will then supply the power for the
start-up fan.

The start-up fan can also be eliminated wher: starting on petrol, by using an
cjector (to the exhaust pipe) to create vacuum in the gasifier.

By starting on pctrol (and perhaps stopping on petrol as well) the cnginc is
warm when switching to gas and condensation can thereby be avoided in the engine.

The retrofitting of a dicsel cngine is varied a bit with the typc and brand of
enginc. It has been experienced that so called pre—chamber cngines arc not suitable
for rctrofitting, unless the cylinder head is changed. To day, the most common type
of dicsel cngines are direct injected engines which are relatively casy to convert to
an Otto enginc. In general, the enginc is cquipped with an ignition system and the
atomizcers arc replaced by spark plugs. A gas mixer for controlling the air:gas ratio
is also to be fitted and if the engine is a prime mover for a generator a speed control
is nceded. The governor for the dicsel pump can usually be modificd and linked to
thc gas mixcr for this purposc.

The retrofitting of dicsel engines is claborated in the Sub-contractors final
report to UNIDO /12/ and not further claborated here.

The same report also states the companics in Zimbabwe that could carry out the
retrofitting.
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25 LOCAL MANUFACTURING ASPECTS

A producer gas plant, the gas producer and the gas cleaning/cooling cquipment,
can normally be manufactured by any workshop which possess a welding machine.
Metal cutting, drilling and rolling facilities facilitates the manufacturing, however.
Thus, locai manufacturing should be quite possible in any country, provided the plant
is designed accordingly.

However, the labour skill, i.c the engineering skill from the actual type of
plants, may be a limiting factor on the manufacturing of the initial plants.

The most practical, fastest and checapest approach, scen from a pilot
demonstration programme's point of view, is likely to have the initial plants
manufactured in an industrialized country and thereafter the initial local
manufacturing (of the following plants). The local manufacturing should thercafter
build upon the modified design and get a character of copying and adapting to local
conditions and availability of matcrial. Scec Annex E.

The constraints are normally the availability of material, which takes expericnce
when and how modifications can be applied, i.e a design and cxperience probicm

rather than a manufacturing problem.

Special attenticn has to be paid to the requircments on gas tight welding scems
and lids, flanges and gaskets.

The obscrvations and modifications identificd, elaborated and proposcd have to
a great cxtent considered and aimed at a simple design for local manufacturing.
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26 PROPOSED DESIGN

The proposed design is somehow a mix and match of the two plants and of
experience from elsewhere.

The two original plants likely do not contain any component that could be
patented nor that have not somehow been tricd somewhere else during the history of
gasification or within other process industries. The question is to combine the
components into a well functioning unit system. It is not known to the author whether
exactly the same systems have been manufactured and operated before.

The: proposed design, born from the designs, experiences and observations at
site, but as well from experiences at other plants, have been considered to an extent.
We have to bear in mind, though, that the pilot programme is operating on feedstock
which does not constitute the usually used and the experiences are consequently
somewhat limited.

A first proposal to a modified design of the gas clecaning/cooling train was
presented in the CTA's Third Mission Report to UNIDO /8/, from which some
sketches are attached in Annex K.

The specification of the proposed modification is done in the Sub-contractor's
Final Report to UNIDO /12/, Chapter 3 and the respective drawings. Relevant
drawings from the same report arc attached to this rcport in Annex L, for easy
reference.

The design which is proposed in this report consider some smaller amendments
and modifications to the design presented in Annex L.

The design presented in Sub-contractor's report /12/, was in general jointly
designed and agreed upon by the CTA, the PD and the Sub-contractor during CTA's
last mission.

I would like to makc reference to the Sub-contractor's statcment on page 27 in
his report:

"It is important to reaiisc the full implicatiun of any changes made to the cquipment. Changing any
onc itcm of a system has corresponding cffects on other picces of the plant in the system. For this
reason the bencfit of any proposal detailed in this report should be subject to further testing - it
would be unwise to producc units based on these proposals wthout further extensive field trials”

I would like to add; that many man ycars have been put into development of
produccr gas plants throughout the world and that engincering and development is an
on-going proccss with dcsign, testing, redesign/modification, further testing and
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redesign/modification etc. We can just have a glance at the automobile - indeed an
on-going proccss.

Before going into the elaboration of the system, I would finally like to add that
the experiences gained at the gasification project in Zimbabwe certainly justifies the
inputs and form a very good basis for further activities in this field and thereby,
hopefully, eliminates "re-invention of tco many new wheels".

In the following we will start from the proposal presented in the Sub-
contractor's report. Please see Annex L.

The proposed plant consists of:
» gas producer

» cyclone

> water scrubber

> water Separator

> regenerator

> filters

» condensate traps

> gas—air mixer with control

> generator set

We should always kecp in mind that almost clean gas can "always" be obtained
but on the expense on complicated and expensive plants, which does not become
cconomically viable. Thus, the wholc approach is to find simplest design whereby an
acceptable performance can be achieved.

The proposed system includes many modifications (“back doors") that the
anticipated function is likcly to be achicvable, provided that the staff, time and funds
arc available to make the necessary modifications/alternations.

2.6.1 Gas producer

The reduction bed of the SES gas producer showed onc severe shortness; the
gasificr should be equipped with a manually tumable grate.

32




The gas producer could be streamlined, see Chapter 2.3.1.1, to simplify
manufacturing and reduce manufacturing cost.

For a comparison only, please sec a sketch of a simple charcoal gasifier (This
is the Tanzanian gas producer, that was mentioned in Chapter 2.3.4), attached in
Annex M.

2.6.2 Cyclone

Standard cyclone with the chute ending in an extended (large, dry) ash
container.

The efficiency of the cyclone depends on the pressure loss accepted over the
same - higher loss, better separation. Since high pressuru loss can not be accepted
for naturally aspirated engines, the design is finally determined by how well the
venturi scrubber can build up a pressure again. Please see Chapter 2.6.3.

2.6.3 Water scrubber
A water scrubber is recommended for three purposes:
- to wash the gas from ash and soot, but mainly tars;
- to cool the gas;

- to re—gain and build up pressure.

A venturi type scrubber fulfils all thee three purposcs mentioned above and is
cxtensively used within the industry.

The scrubber water which is recycled, is supplicd by a pump, which in tum is
powcred by a motor from the gencrator.
2.6.4 Watcr scparator

After the venturi scrubber thc gas will be saturated with water and excess
scrubber water has to be separated from the gas. This is done in a simple water
separator, where most of the dust and tar will be trapped together with the scrubber

water. The water separator constitutes the reservoir for the water pump.

So far according to the design in Annex L.
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Depending on how much dust is carried over a wet cyclone could be added
after the scparator. The available pressure is a determinator as well.

It has to be stressed, again, that it might not be the optimum to leave just the
very finest particles for the filters. Very fine particles results in a suppression filter
(if used) with high pressure drop.

Tests should also be carried out to find out if the dry cyclone could be
climinated. It is quite possible that the scrubber could take all the soot. A wet cyclone
after the scrubber, commonly practised in the industry when high degree of separation
of very small particles are required, could be more efficient (and cheaper, totally
scen) than the dry cyclone and is a highly recommended second step of the
mentioned test.

If the scrubber water is found to become too dirty for the water pump and
venturi nozzle, a simple gravity sedimentation bed/sand filter could be added, from
where the water to the pump is supplied.

2.6.5 Heat exchanger

The gas will be saturated with moist after the scrubber and if a suppression
filter is used as the final filter, the gas should be reheated to avoid condensation on
the filter cloth (see Chapter 2.6.6) and thereby cause high pressure drop.

Thus, provided the final filter is a suppression filter made of cotton cloth (or
similar), it is necessary to rcheat, i.c overheat the gas. The overheating should not be
higher than just to avoid condensation in the filter. For this purpose a by—pass is used
to mix the gas to the wanted temperature.

The heat exchanger (regencrator) is not to be included, if the final filter is of
another type, i.c a filter that is not ncgatively affccted by condensatcs. The
condensation is even of an advantage for the dust separation capacity of ccrtain types
of filter.

2.6.6 Filters

Main filter (final filter

After the heat exchanger, or rather the water separator in the proposcd case, the
gas passcs through a filter. The proposed filter is a large bed filter using wood wool
as filter matcrial. Pleasc scc Annex L. With this set-up. i.c using a bed filter, the heat
exchanger should be removed. The heat cxchanger will likely cause cvaporation of
watcr which else could have been trapped in the bed. The water will then condensate
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after the filter. The heat exchanger is necessary only for a suppression filter using a
filicr cloth that absorbs water, as described on previous page. See further below.

The proposed filter is of the same type as the bed filter used in the SES system.
The filter has been modified for easy opening and changing of bed matcrial by
providing baskets for the bed material and a davit for lifting off the lid and for lifting
up the baskets. With two additional bed baskets, always clcaned, filled and readily
available, the service time can be made very short. The height of the gas distribution
chamber (bottom section of the filter) could be reduced to save material.
Alternatively, the depths of the basket increased.

Depending on the availability or cost of the wood wool, other bed materials
could be tested, like chopped/crushed coconut husks etc. Elcphant grass, com cobs
and coke was tested at the project, but the result was unacceptable for these bed
materials together with the original SES gas cleaning train.

Big bed filters arc a proven technique and used preferably when cheap bed
material is available. The bed filter has a certain capacity to absorb tars. However,
the bed filters are voiuminous and thereby a bit expensive. The filter should always
be followed by a safety filter to prevent carry—over of bed material or to casily
indicate any malfunctioning of the gas cleaning. Please sce below.

Depending on the local conditions; manufacturing cost, availability and cost of
bed material, gas cleaning efficiency of ecach of the components, pressure drops ctc,
alternative filter designs should be tested.

Sawdust, but not too fine, is another bed material which has shown good
results. However, the proposed bed filter can likely not be filled with sawdust, cven
even if the gauge of the wire mesh is reduced, since the pressure drop over the filter
will likely be too high. A filter with a big arez *o the gas strcam and with less depth
is normally used.

Onc of the proposcd filters above should give clean enough gas.

Suppression filters have becen extensively used for producer gas plants,
especially for downdraft charcoal and wood gasificrs. A gas clcaning train consisting
of a cyclone, cooler and a cloth filter (cotton or fibre glass) has appeared to produce
a clcanliness of the gas whereby cxcessive wear of the engine is not anticipated. Duc
to the tar content of the gas, the proposed cleaning train is extended with a scrubber.

The main filter could alternatively be a suppression filter using a cotton cloth.

A well designed filter of this typc should give a quality of the gas well in line with
the proposcd filter and a filter unit with very casy maintenance.
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Safety filter

Irrespective of what type of main filter used, the gas clcaning system must
always bc cquipped with a safety filter. The function of the filter is to clog
immediately, and thereby choke the engine, if excess dust is carried over, i.c if there
is any malfunctioning in the gas cleaning. The condition of the safety filter should
be casy to inspect and inspection donc on a daily basis, at least.

The filter could be placed next to, before, the gas mixer or right after the main
filter.

A design of a simple, proven safety filter is shown in Annex K, Sketch SF-00
and SF-01.

2.6.7 Condenser

The scrubber will, as we mentioned, saturate the gas with water. The dew point
of the gas will likely be over the surface temperature (normally cqual to the ambicnt
tempcraturc) of the rest of the cleaning train. This mcans that condensation will occur
at somc stage. The equipment is designed to make the water (including some tars
solublc in water) to condensate as much as possible before the inlet manifold of the
cnginc. The lower the temperature of the gas is, when centering the engine, the higher
will the volumetric cfficiency be and thercby the power output. Hence, lowest
possible temperatuie of the gas is always prefemred, but the lowest temperature should
be before the gas mixer.

The condensation itsclf is affecting the dust scparation positively, since the
condcnsation process starts on the dust particles in the gas (and on walls) and the
watcer mist and droplets bind the dust to a sizc (wceight) that can be scparated or
which can not stay in the gas flow. The very finest particles can be scparated hercby.

The recommended design, Anncex L, is to usc the piping from the filter to the
gas mixcr as a condenser and cquipped with a drainable water trap. It is then
important to make surc that the pipes arc under shadc.

If this is not found cnough, or the temperature of the gas before the mixer is
much above the ambicnt temperature, an additional condenscer could be installed, like
thc onc shown in Anncx K, Sketch AF-(X) or AF-01.

The function of this additional condcnser is to cool down the gas further (higher
volumetric cfficicncy), to creatc a temperature sink in the system (to avoid

condcnsation in the inlet manifold) and to further clean the gas.

Since a water pump is available under any conditions, for the venturi scrubber,
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the condenser could be designed in a way that water is splashed over the condenser
and thereby using the cvaporation heat for cooling of the producer gas to a
temperature lower than what otherwisc achicved.

Condensate trap after the mixer
The mixing of gas and air can also create condensation during certain whether
conditions, which in practice always happens until the engine is warm and radiating

heat onto the mixer.

A combined condensate trap and backfire rclease is shown in Annex K, Sketch
CT--00 and CT-01.

‘the purposc is to cyclone out water condensating after mixing gas and air and
to function as a pressure release when the engine is backfiring. It has been found that
the water trapped in this type of device is coloured, i.c further clcaning the gas. The
ordinary air filter is another source of dust. The cyclone will also further ensure
proper mixing of gas and air.

2.6.8 Gas mixer

A gas mixer similar to thc onc uscd on the SES sct is the proposcd onc, but
with reinforced bushings to avoid jamming valves.

Another type of gas mixer which gives less pressure drop is presented in Annex
K, Sketch GM-00 and GM-01. This is preferred in combination with the described
condcnsate trap (CT-00).

2.6.9 In genceral

The design is bascd on using standard components, like standard pipcs, flanges,
valves ctc and by using traditional design on the respective parts of the system.

The dimensions of the pipes and the radius of bends have been designed for
optimum pressure drop and usc of matcrial.

In genceral, a "sturdy” design has been guiding the work.
For the disposal of the cfflucnt it is proposcd that a simple destruction stove,

like we discusscd in Chapter 2.2.2.8 is manufactured at sitc from available scrap.

Finally, the proposed design, with further possible modifications or
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alterative solutions, certainly represents ar improvement of the two plants which
have been used for the pilot programme of which these bave made this
development possible.

38




3. ECONOMICAL EVALUATION

3.1 GENERAL REMARKS

I would like to start with a question I have come across so many times; "Can
the rural poor afford a gasification plant?”

A very kind answer is "nc”, since the onc who is asking has not got the full
picture of the investment required for providing power, say for a village. No matter
what type of power source used, a heavy initial investmen: is needed except when
there is an electrical grid to be connected to.

The initial question is relevant and constructive if we ask "Can we afford the
additional investment, due to producer gas operation?”

That is the question we will try to siraighten out in this chapter.

Let us elaborate this a bit, since I have come across this question of "comparing
apples and pears” frequently. Why are we looking at the cost of heat or power,
generated from a producer gas plant? The answer is that there is a foreseeable need
of power or heat and somebody has taken a decision to instail a production unit and
is prepared to pay for its supply/service. That consumer is not interested in how the
power has been generated, what he is interested in, is the cost and terms of supply
ctc. He will look for the available alternative that best suits him. His criteria are very
specific to his conditions and the same applics to the financial evaluation he will
carry out; the parameters used must apply to the actual condition. In this case the
question "can he afford” is very much valid and the financing of the investment and
the opcration is linked to typc of plant chosen.

However, imrespective of how the financing is solved, the ultimate criteria is the
cost per unit supplied, sold, consumed ctc., though bcaring in mind the higher
investment cost for a producer gas plant and thereby the higher need of capital
initially.

The calculations donc in this chapter refer to clectric power gencration plants
of 30 to 40 kW clectricity output. The power is produced either from producer gas
or from diescl. Dual fucl operation is not considered, since the frame for the project
was a 100% producer gas fuclled plant.

As we will find from the claborations in this chapter, it is basically a matter of
answering the qucstion "Can the saved fuel cost pay back the additional investment
cost?"

We will not consider the diffeience between financial and cconomical analysis,
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i.c forcign currency, shadow factors ctc.

3.1.1 Competing options

The tanffs for the national grid is heavily subsidized in many developing
countries and very few, if any, power production plants can compete with the tariffs
on the national power grid, if normal financial terms are to be applied.

However, the small scale producer gas fuclled power plants considered here, are
"never” to be installed where there is access to a reliable power supply from a grid,
i.c the subsidized electricity price on the national grid is rather a question of how
long can the country afford to subsidize the clectricity, especially if the electricity is
generated from imported fuels.

As we indicated, an economical evaluation considering shadow—-factoring of
foreign costs or unskilled labour costs will give another result, but in favour of the
gasification plant. For the tentative user/customer it is irrelevant, if part of the costs
are originating from foreign currency or not, as long as he can pay in local currer.cy.

Before going into more detailed calculations, the tentative customer must have
an indication of what is available technically and an indication of the cost level for
the available alternatives. For this purpose, the supplier of the equipment has to
provide the tentative users with a generic evaluation. The generic evaluation does not
differ between financial and economical costs and thereby which currency originally
used for purchasing the equipment.

As a we indicated, power supply from the main grid is not zn alternative and
conscquently, the electricity tariffs arc not of intcrest.

The most reali-“c alternative to the actual producer gas plants used in this
demonstration programme are ordinary dicsel gencrator scts.

3.1.2 Data available

For the generic guidelines presented here, we will use available data form the
project and other gencral info-mation. The accuracy of the evaluation for a particular
application can be improved by using sitc specific data, but the prescntation done
whereby using feedstock prices and operating hours, gives a good indication of the
possibilitics or not, at prevailing (and futurc) dicscl prices.

Onc of the detrimental parameters, which can only be obtained after several

ycars of opcration, arc the economic lifctimes of the different parts of the cquipment.
Long term tests/operations can also cstablish the service and maintenance costs. Since
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these figures can not be verified in detail from the operation at Nijo we have to
consider data available from other similar plants. The experience from the operation
of the pilot plants gives an indication of the performance compared to other producer
gas operated plants.

The maintenance requirements were claborated in Chapter 2.2.3.

It was earlier mentioned that the (only) alternative option is a diesel generator
set and for this reason, some data for the dicsel generator set is needed. |

The generator set itself is very much the same, whether it is a diesel generator |
set or a producer gas fuclled generator sct. In the first case the engine is a diesel
engine and in the second case an Otto engine or a dicscl engine converted to an Otto
enginc. The generator and the electric control is the same, as well as the skid-
mounting.

In general a diesel engine is more expensive than an Otto (petrol) engine. The
conversion of the diesel engine is an additional cost, but on the other hand the diesel
pump and the injectors can be climinated. Initially (on the pilot stage) the conversion
cost is likely slightly higher than the "savings” from excluding the diesel pump and
injection system. However, if this is considered at the purchasing (manufacturing/-
assembling) stage of the enginc the purchasing cost is about the same”.

The above means for the generic calculations here, it is accurate cnough to
assume that the cost of the complete generator sct is the same and that only the gas
producer and the gas clcaning/cooling train constitute an additional investment for
produccr gas fuclled sets.

Howecver, we have to consider the derating of the engine when converting to
produccr gas. For the comparisons possible to work out at this stage, it is quitc in
order to assumc that the total cost of thc complete genciator sct is the same, if we
basc the calculations on the cnergy gencerated. Though we know that a bigger
displacement (engine) is nceded, when operating on producer gas, to obtain the same
clectrical output. This simplification is further justified by the fact that an original
petrol engine is cheaper than a dicsel enginc with the same capacity. (A retrofitted

? This statement is commonly used for generic economical
evaluations. The CTA has been in contact with Scania in Sweden. Scania
has (recently) designed a "gas cylinder head" for its D11 (11 litre)
diesel engine. The final, detailed distribution of the costs, for the
same engine in gas and diesel mode, could unfortunately not be
received in time for this report. However, the company confirmed that
the total cost of the two engines are "more or less the same". If the
conversion kit is bought separately (as a spare part) the cost is
naturally higher.
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diesel is not necessarily used for the lower power ranges).

For more accurate calculations, when weighing together derating, correct
installed capacity and price difference between diesel and Otto engincs, for this
particular capacity interval (30 - 40 kW), it is realistic to assume that the producer
gas cngine is about 30% more expensive for the same output.




3.2 FEEDSTOCK PRICE

The price of diesel oil in Harare is Z$ 1.24/itr (February 1992), which is
equivalent to USS 0.25/1tr.

The "filling station price” of diesel does certainly not apply for rural conditions.
The transport/purchasing cost of diescl is normally very high for the actual size of
plants. The fuel is transported in drums over long distances. (The author has
experienced cases when the price correction factor is 3 to 1 and above, but not yet
any casc when the factor has been 1 to 1). If the total purchasing cost is worked out
as per litre actually consumed by the engine, the cost is likely to be much higher.

The biomass feedstock price vary with transport, handling and needed
preparation and alterative use. The approach of this gasification programme is to use
wastes for cnergy generation in rural applications, where the cost of the biomass, the
waste, is next to zero. We have for the calculations here considered the cost of the
waste itself to nil. As a comparison, the cost of pelletized groundnut shells, sold as
fodder (in 1991 outside Harare), is approximately US$ 8 per ton.

The collection and transport can constitute a considerable cost if the, normally
bulky, waste has to be collected and transported over longer distances. However, it
is in the nature of these small scale power plants (normally less than 50 kW
according to /11/, Page 62) that the plant should be placed where the waste is.

The fucl preparation and handling at sitc requires labour. The cost for the
primitive fuel preparation at site (Nijo) amounted to approximately US$ 10 per ton
(sec Chapter 2.2.2.1). This cost is very high, but many of the various costs for a pilot
projcct arc not representative.

The investment cost of storing the waste is considcred the same as the
investment cost for a diescl storc.

For the final calculations three price levels for the biomass waste will be used,
namcly US $ 0, 10 and 20 per ton.

For an objective comparison it can be concluded that the cost of the biomass
is nceves zero (unless the waste has a negative initial value, whict is likely not the

casc in rural arcas) and it is as wrong to calculate with the list price for the diescl.

My personal opinion is that the level of the dicscl price (per litre used) is
heavily underestimated in most cascs.

For the further calculations US$ (.25 and 0.50 per litre will be uscd.
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33 FUEL CONSUMPTION

The fuel consumption, for both types of engincs, is calculated for what we
found typical load conditions, whereby the fuel consumption is higher than for
continuous operations. It is realistic to assume that during field conditions the load
conditions are even worse, i.c low loads now and then and frequent starts and stops.

The biomass consumption during typical days (when operating the whole day)
was approximately 1.5 kg per kWh electricity generated.

The diesel consumption under similar conditions are normally considerably
higher than stated by the manufacturer (for optimal conditions). Typical figures for
generator sets of the actual size are 250 - 400 gr/kWh, which zpplies to 100 and
25% load respectively.

A realistic figure for a comparable (to the biomass feedstock consumption)
diescl consumption would be about 325 gr/kWh.
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34 SERVICE AND MAINTENANCE COST

The service and maintenance cost can not be verified from the activities at the
project. The experience from the pilot stage is not cither representative for the
technique.

For the calculations we have uscd 4% of the initial investment cost per 1,000
hours of operation. This figure is based upon experience from a number of plants.
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35 LABOUR COST
A producer gas fuclled plant nceds more attendance than a diesel plant.

After the initial training of the opcrators, we can consider that onc man must
be available (but not necessarily attending the plant all the time) for a diesel
generator sct. When operating a generator set on producer gas, we can consider that
there must be one additional labourer (all the time) available.

If we try to apply this to the conditions at the project, the salary requirement
for the additional (good) labourer would be about Z$ 1,000 pcr month, or equivalent
to US$ 200 per month.
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3.6 ECONOMIC LIFETIME AND INTEREST RATE
Lifeti

This is very difficult to cstablish, since very few demonstration programmes
have reached the possible (technical) lifctimes of the equipment, as is the calculation
of the cconomical lifetime, since the experience here is even less.

There are also many non-technical factors determining the life time, which can
not be included for a pilot project.

According to Ankur, the lifetime of their plants are expected to 10 — 14 years.
Nonec of the plants, known to the author, have been operated that long yet.

The experience from the project can not be explained in ierms of figures.
However, it is possible to make a judgement of the cquipment by comparison with
other plants.

Based upon experience from the project in Tanzania and another installation in
Kebong Balong, Indonesia (visited during the Study Mission /3/) it is rcalistic to
assume that the lifetime is in the range of 7 years. We have then considered the
proposcd modifications. Some plants with very long cxpericnce were presented at the
producer gas course /10/.

Interest rate

To cstablish a general interest rate might be even more difficult than to
cstablish the lifctime. In many cases the real interest, which is the only one of
interest, is negative, so in Zimbabwe.

For the calculations we have used 4% rcal intcrest. I would rather call this for
"a factor considering the higher initial capital demand for a producer gas plant” than
an intcrest rate.
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3.7 INVESTMENT COST

3.7.1 Original plants

3.7.1.1 SES plant

The cost of the original SES gasification plant was approximately US$ 100,000
ex Factoiy in 1989.

The distribution of the cost is not known, but the price included spares for onc
year and packing (US$ 6,000 and 3,500 respectively).

This amounts to a total investment cost of approximately 2,500 US$ per kW,
installed. If spares and packing is deducted the equivalent cost is US$ 2,265.

The company have indicated that the cost of the retrofitting is in the range of
10% of the cost of the engine and generator together.

3.7.1.2 Ankur plant

The cost of the original Ankur plant was, the same year, approximately US$
20,000 ex Factory. The distribution of the cost was approximately as follows:

Enginc and generator  62% or  US$ 12,000
Gasification equipment 30% or US$ 6,000
Control, assembling ctc US$ 2,000
Packing uss 2,000

No sparcs were included.

In addition to this, two pits have been locally built out of bricks. There is one
pit under the gas producer and a three chamber pit for the water scrubber. The cost
of these pits is not known.

In addition to this the vendor recommended a closcd room (house) for the
enginc, which has not been considered realistic for a plant of this type. The engine

room was not built.

If we, for a comparison include an cquivalent (to SES) amount of spares and

3 The spares were generous and not used yet.
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a proportional estimation of the cost of the sparcs, the investment cost per kW, will
be about US$ 550 to 733. We have then calculated with an fictitious output of 30 to
40 kW,, since it is realistic to assumc that the capacity of the gas producer is less
than what would be needed for the 40 kw, gensct.

Cost of 1 l L lcani :

Based upon the figures above and the distribution of the cost items presented
by Ankur during the Study Mission, the cost for the gas producer and gas cleaning
cquipment, including assembling would approximate to about US$ 7,000.

This gasification equipment could probably supply a 30 kW, generator set only,
since it was established at the project that the capacity of the gas producer is
certainly not the same as the SES gas producer. This gives us a total cost for the
gasification equipment of proximatcly US$ 235 per installed kW.,.

3.7.2 Proposed plant

The Sub-contractor has worked out a cost cstimation based on the SES gas
producer and incorporating the proposed modifications, including thc modified and
redesigned gas cleaning cquipment. The gas cleaning cquipment follows the original
Ankur system, in gencral.

The Sub-contractor's cost estimatc /12/, ex Works pricc Harare, November
1991, including 10% salcs tax is presented below. The tax docs not apply for plants
cxported.

The foreign currency required for the manufacturing, has also been estimated
by the Sub-contractor and is presented as "Forcign component” below. This

component constitutes part of the respective item cost.

Basced on the ruling rate by November 1991 (0.1998 US$ = 1.00 Z3), the
cquivalent price in US$ is worked for casy comparison.

Plcasc scc next page.
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Item of Equipment Price in Z$  in USS Foreign component in US$

Gas producer 180,500 36,064 3,596
Gus cleaning equipment 69,500 13,886 300
Retrofitted diesel engine 125,000 24,975 13,986
Generator (44 kW)

complete with control 45,000 8,991 1,199
Fees and royalty for the 9,025 1,802 1,802

gas producer max 5%

Totals Z$ 429,020 or USS 85,718  USS$ 20,883
Total without royalty  Z$ 420,000 or US$ 83,916
The total investment cost, excluding royalty, as per installed kW electricity

output (40 kW) is US$ 2,079.

This is slightly high for a so called locally manufactured gasification plant.
Pleasc scc the following chapter.

; . I lcani :

The cost of the gas producer is US$ 902 per a matching generator sct of 40
kW, output. The equivalent figurc for the gas cleaning train is US$ 347.

The total figure for the gasification equipment will then be approximately US$
1,250 per kW,.

3.7.3 Comparable plants

The costs vary a lot for the three plants presented in the previous chapters.
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After receiving the Sub-contractor's final report, a cost cstimation® has been
donc, to get an even more reliable picture of the cost of the proposed design,
including the comments in this report. A detailed quotation could not be obtained in
time, but the cost estimation is presented below.

We should mention that the cnginc is the most unccrtain component for
producer gas fuclled power plants of the actual czpacity range. The Sub-contractor
also indicates the same in his report /12/. Conscquently, the cost estimation from
Sweden is based upon an existing, commercial, common type of engine, in this case
is an 11 litre engine, which gives approximately 80 kW, in producer gas mode.

Not to complicate the comparisons and to climinate scalc factors, the cost
estimation for the gasification equipment is bascd on the installed capacity of the
proposed plant (40 kW). For the comparisons in Chapter 3.11.1 the investment cost
for the gasification equipment is assumed to be 75% higher than the 40 kW
equipment (which in fact cquals to an altcrnative cost estimate for a 80 kW gasifier).

The total cost for a complete skid-mounted cngine generator set, including
control, is approximately US$ 33,000 or approximatcly US$ 410 per installed kW
electricity output.

The generator itself (110 kVA) is approximately US$ 4,100. A SO kVA
gencrator costs appreximately US$ 2,900.

The cost of the gas producer and the gas cleaning train alonc totals to
approximatcly US$ 25,000 or about US$ 615 per installed kW.

" Cost estimation done by SwedSteam AB, Stockholm (and Hassels
Mekaniska Verkstad, Karlstad and Gotland Gengas, Gotland), Sweden and
based on a by Saab-Scania rectrofitted standard Scania D11 engine
generator set. See further Footnote 2.
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38 CIVIL WORKS

The cost for the civil work is not included, since this cost is very site specific.
On top of that, the simple shed needed for the gasification plant is more or less of
the same size as for a diesel generator set.

We arc hereby slightly favouring the gasification plant by assuming that the
cost for the diesel store and handling amounts to the same as for the biomass store.

This simpiification is certainly justified, for the calculations here, by the fact
that the normally "wasted” diesel is not considered cither.




39 OPERATED HOURS PER YEAR AND AVERAGE LOAD

Wec indicated, initially, that the additional investment for the producer gas
cquipment is to be paid back by the saved fuel cost.

Practically this means that the number of hours and the actual load, which is
not equal to installed capacity, will determine the amount of diesel saved.

Once the plant is installed, the demand will determine the maximum load and
hours. However, by planning and good management, the load factor (actuai load to
installed capacity) and the hours operated can be optimized.

A generator operated for lightening only (35 hours /day) will not operate more
than 1,100 - 1,800 hours per ycar. If the same plant is used for water pumping or
workshop activities, another 1,000 hours can casily be added. These figures have becn
used for the economical evaluation in Chapter 3.11.1.

The cffect of operated hours is normally underestimated and the installations
should aim at sites where the plant can be used for at lcast 8 hours per day.

If there is no diescl at all available the situation is different. However, we have
not considcred availability of fucl (nor the plant availability) in the coming
calculations. It is a well known fact that for rural arcas, the availability of diesel is
many times scarce duc to rcasons like transport, bad road conditions during rainy
scasons, imregular and unrcliable supply etc. )

During the later part of the third phasc, the two plants together were opcerating
at a ratc cquivalent to about 2,100 annual operating hours. Sincc the plants had to

sharc the load, the hours for the respective set arc summarized.

The load factor was about 55 to 65% during typical runs.
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A producer gas fuelled plant takes more training of the staff at installation. The
SES has indicated that 3 weeks of training is necessary after the installation. Ankur
gave a figure of S0 hours on traditional fuels and 100 hours on com cobs.

The figures above probably apply to training of an operator to manage the daily
operation and general service and maintenance of the equipment.

If we apply this to the Zimbabwean conditions and calculate with one
experienced engineer (operator) for training of two operators during one month, the
cost of initial training is approximately US$ 1,000 (Z$ 3000+1500+800). This can be

3.10 TRAINING COMPONENT
scen as an additional investment cost in the comparison with a diesel engine.
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3.11 ECONOMICAL FEASIBILITY OF THE PRODUCER GAS TECHNIQUE

3.11.1 Summary of the various costs and the total cost per unit produced

We have carlier stressed that the question, feasible or not, can not be answered
straight forward, since there are so many local and site specific parameters that can
not be foreseen. However, the expericnces from the pilot project and the elaborations
in Chapter 3 will give a good guidance.

A summary of all the costs in the previous chapters is done in the table on next
page. The total annual cost and the cost per energy produced is extracted and
presented at the bottom of the same table and is reflecting conditions at the project.

The table on next page is based on the conditions at the project and the
following:

- Load factor 60%

- Annual operated hours 2,100

- Economical lifctime 7 years as an average for the producer gas plants. 10 years
lifctime is calculated for the dicsel plant.

- Intercst ratc 4% (real)

- The capacity of the Ankur plant is reduced to 30 kW as a result of experiences
at the project (Seec Chapter 3.7.1.2)

- Figures in bold apply to conditions similar to the project’s experiences.

It must be stressed that the evaluations done strictly apply to the specified
conditions only, but valuable tendencics can be drawn from the various costs.

Notes to the table on next page:

*) The figures marked with * refers to a 80 kW plant. Sce Chapter 3.7.4 and
Footnotc 4.
The total capital investment for the 80 kW, plant is cstimated from the
altcnative quotation for the 40 kW, plant by assuming that the gas clcaning and
control cquipment is 75% morc expensive for the bigger plant. The engine is
the same in both cascs, i.c for 80 kW, output.

**) The cost for the dicsel enginc is bascd on information from SES and on the
Sub-contractor's cost cstimation, whereby the retrofitting (according to SES)
constitutcs to approximatcly 10% of the total cost of thc generator set. This
cost has then been reduced from the Sub-contractor's cost estimate for the
retrofitted diescl engine and the price further reduced with 30% (no derating,
scc Chapter 3.1.2). The rest is the same.
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SYSTEM

Costs: Diesel | SES Ankur | M.-fied
4okw**) |40 kW | 30 kW | 4O kW
Capital investments:
Engine 15 . 105 2’" . 975
Generator 8.991 8.991
Subtotal 24,096 12,000 | 33.966
Gas producer - 36.064
Gas cieaning - 13,886
Subtotal 6,000 | 49,950
Control 2,000 2,000 -
Total 26,096 90,500 20,000 | 83,916
Training - 1,000 1,000 1,000
Total capital investments | 26,096 | 91,500 | 21,000 | 84,916
Annual costs:
Capital costs 2.988 15,189 3,486 14,096 *13,778
Labour - 1,000 1,000 1,000 1,000
S&M at 1500 1,566 5,430 1,260 5,035 * 920
2100 2,192 7.602 1,680 | 7,049 *6,888
2700 2,818 9,774 2.160 9,063 +8.,856
Fuel cost for waste:
at 0 US$/ton 0 0 0 *0
10 1,500 hrs 540 540 540 *1,080
2,100 756 756 756 *1.,512
2,700 972 972 972 *1,944
20 1,500 hrs 1,080 1,080 1,080 #2160
2,100 1,512 1,512 1,512 *3 024
2.700 1,944 1,944 1,944 *#3.888 §
Fuel cost for diesel
at 0.25 US$/1tr
1,500 hrs 3,656
2,100 5.119
2,700 6,581
at 0.50 US$/1tr
1,500 hrs 7.313
2,100 10,238
2,700 13,163
For 2,100 annual hours:
Total annual costs 10,299 24,547 6,922 22,901 *23,178
Cost per US$/kWh produced | 0.20 0.49 0.18 0.45 *0.23
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3.11.2 Summary and evaluation

We can sec from the previous table that for the conditions we had assumed
(2,100 hrs/year, LF 0.6, waste price 10 US$/ton, diescl US$ 0.25/1tr and all the other

parameters) that:

— the Ankur plant gives an energy cost about the same as for a diesel plant. We
have then assumed that the present (dual fuel) Ankur plant is operating on 100%
gas and derated to 30 kW, to get a more correct investment cost.

- if operating the same Ankur plant in dual fuel mode the cost per energy unit
produced will be approximately twice as high as the presented cost.

~ the original (on which the calculation is based) Ankur plant has never performed
well in the original shape and is therefor not an altcrnative.

- the energy unit cost for the original SES and the proposcd modificd plant /12/ is
roughly double the energy unit cost for a standard dicscl plant, the proposed plant
being slightly cheaper.

- the alternative 80 kW plant gives an cnergy cost which is just slightly higher that
for the diesel alternative.

— if the calculation is based on 80 kW engine and generator sct and a 40 kW
gasification equipment the encrgy cost would be (US$ 0.34) in-between the
proposed plant and the diesel plant.

Thus, it can be concluded that clectricity generated by the proposed plant is
considerably more expensive than clectricity generated by a dicsel generator set. Please
note again, "under the described conditions”.

To get a better picture of the trends for varying fucl costs and operation hours we
can study the figure on the next page, whereby the electricity gencration cost is shown
as function of the annual operated hours for different fucl and feedstock prices.

The graphs are representing the following:
Dicscl: The 40 kW dicsel plant

Prod gas 1: The proposed plant (according to the Sub-contractor)
Prod gas 2: The 80 kW plant

Two price levels have been used for the diesel cost, the filling station price for
Harare and onc price 100% higher.

Equivalently we have used two prices for the waste, the actual feedstock
preparation cost at the project and a 100% higher price.

The power factor is still somewhat low, (.6, but it bascd on the conditions at the

projcct during the sccond half of the third phasc. Higher load factors will be of bencefit
to the producer gas plants.
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It can be concluded that the conditions/parameters used are very conservative and
trying to reflect real rural conditions, certainly not favouring the biomass alternatives.

ELECTRICITY GENERATION COSTS AS A FUNCTION OF DIFFERENT
OPERATION HOURS
— for various fuels and different prices of fuels

&?5 ‘_E-S,.s'f:k‘fh Bisa Prm gas 2
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--------- Prod gas 1
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2160 2700
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Evaluation and summary
The figure clearly indicates that:

» the proposed plant, manufactured in Harare, is likely not cconomically fcasiblc,
at the present price of dicscl

> fcw annual opcrating hours gives a high encrgy cost for a plant with high specific
investment cost (cost/installed capacity) like the proposed plant

> the bigger producer gas plant, manufactured in Sweden (not considering the
freight) shows an cnergy cost which is just slightly higher than for a dicsel plant

supplicd with dicscl to the present (in Hararc) "filling station” price

5%




> if the diesel price is increased with more than appreximately 50%, the bigger
producer gas fuclled plant will likely be more cconomical at over 2,000 operating

hours per ycar

» these statements are only valid for the assumptions made

Thus, it can be concluded, that the conditions chosen, for what we believe
"typical rural installations", and the economical comparisons betwee~ the different
alternatives clearly indicate that the producer gas technology can become
economically viable under certain conditions for rural applications.

The main conditions are that the waste is cheap, not much over US$ 20/ton,
and that the diesel price at site, including transport and handling, is over US$
0.3/litre.

The difference in the initial investment costs, between the proposed plant and
the bigger plant (manufactured in Sweden) should be further investigated and
experiences transferred to reduce the local manufacturing cost.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION
ORGANISATION DES NATIONS UNIES POUR LE DEVELOPPMENT INDUSTRIEL

APPRAISAL MEMORANDUM

o
Date: 90.05.23

Country: AFRICA REGION _\)(ﬁlﬂhf-,q °/6°1—

Project Title: Demonstration Progcamme on Use of Indigenous Biomass

Resources for Meeting Energy Needs — Phase III
}

UNDP/UNIDO contribution: ass 188,500

THE APPRAISAL PROCESS

The project document as submitted to Appraisal needed no modifications
in the design format as it was prepared fully in accordance with the
established UNIDO guidelines for project dessign, except that the
evaluation report of Phase 11 was not available.

RELEVANCE, FEASIBILITY AND POTENTIAL EFFECTIVENESS

The third phase of this project zims at field testing the pilot
gasifiers installed during the second phase. This mainly involves the
operation of the gasifiers with different feedstocks in order to determine

)3 “best practice” operation and maintenance parameters. It will result
in the preparation of a report containing all the technical characteristics
to be used, inter alia, in the training programme to be organized for
operation and maintenance personnel from other PTA countries.

) In view of the fact that no evaluation report of the previous phase
was made available, it is difficult to assess whether the outputs of the
second phase were actually produced and whether that project had achieved
its stated objectives. However, as pointed out in the project document
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PART A OONTEXT

1. The Enerqgy Sector

The Preferential Trade Area for Eastern and Southern African
States (PTA) has abundant energy resources, such as woodfuel, ooal,
petroleum, and hydro-electxic potential which is unevenly distributed
among the Member States. Fuelwood is the most important source of energy
as it provides about 70 — 80 per cent of the total energy consumption in
the suhregion. Anmual consumption of fuelwood is estimated at about
200 million cubic metres.

Of the 17 member countries of the PTA, all but five are producers
of hydro-electricity, the five countxies being Botswana, Djibouti,
Lesotho, Seychelles and Samalia. Hydro-electric potential is estimated
at about 106,000 Mi. The countries are capable of producing an average
amamt of nearly 600 billion K& per anmum. The axrent installed
capacity of hydro-electricity in the subregion is only about 5,400 MH, a
mere 6 per cent of the cverall potential. Acocording to a survey carried
aat by the Economic Camnission for Africa (ECA), plamned capacity during
the 10 year period of 1988-1998 has been estimated at 18,600 Mi. It has
been estimated also that appraxdmately 72 per cent of the total current
installed hydro-electric capacity is in Zambia, Zimbabwe and Mozambique,
primarily in the Kariba Dam camplex, the Cabora Bassa and Kafue
facilities.

In the area of petroleum energy, all but one of the camntries
(Angola) are net petroleim importers. Exploration of oil is an angoing
activity in countries, such as Ethiopia, Kenya, Mozambique, Samalia,
Tanzania and Zambia. Bowever, no major discovery has been made. The
subregion has a total of ten refineries with installed capacity of a
little over 12,000,000 metxric tons. Most of the refineries are outdated
and are characterized by frequent breakdowns of plants and machinery, arnd
as a result, they are nomning well below installed capacity.

The subregion also has large deposits of coal, notably in
Botswana, Mozambique, Angola, Malawi, Swaziland, Tanzania, Zambia and
Zimbabwe. Total proven reserves are about 12.4 billion tons of
bituminous coal, 1 billion tons of sub-bituminous coal/lignite and
2 billion tons of peat. However, the transformation of these for
camercial energy consumption is constrained by, inter alia, inadequate
infrastructiral facilities, high investment costs, and lack of any
ooherent strategy far the development and utilization of coal.

Since 1980, emphasis is being put on the need to develop biomass

and solar energy. .The level of R&D in this sector is still inadequate

and most of the technology developed, including plant and equipment, for
energy production are imported from the developed countries. Same

camtzies,aldlasEthiopia,Kmyaamzininm,amstqapimuptheir

development programme in the area of new and renewable sources of energy.

2. Regional/national strateqies, objectives and priorities

The programme for the implementation of the Industrial Development
Decade for Africa (IDOA) has put emphasis on the intensification of
research and develgment activities related to developing altemative,

v and rcrvw(xblr ureys of energy ot the national, abroogional and
revpional Jewed




The PTA recognizes that there is a need for regiaonal/subregional
co-operation for pramoting the development and utilization of biomass as
an effective source of energy. The Council of Ministers (PIA), in
adopting the Energy Plan of Action of the PIA in December 1987, called on
the Member States to encourage:

(a) Research and develomment in new and renewable sources of energy
and specifically requested the intermational cammmity to assist
the PTA countries in the development ard testing of pilot
demonstration projects, particularly for biamass;

(b) The exchange of information/data and techmo-econamic results of
pilot-scale subregional co-operation in energy production;

Africa’s Priority Programme for Econamic Recovery and Development L}
(1986~1990), adopted by the Assembly of Heads of State of the
Organization of African Unity (QaU) in July 1985, also re—iterates that
“g:eatetoo—opemtlmshmldbefostemdmguenberstatsinﬁn
suhregions and region through harmonized policies, joint exploitation and \
development of energy technologies, eq.upnartaxﬂtranmgpmgrm"

3. Prior and Ongoing Assistance

In 1985, UNIDO, under the programme for the Industrial Development
Decade for Africz, through a project RP/RAF/85/627, funded a
pre—feasibility study to examine the technical and socio-economic
viability of generating energy for nural use by means of the gasification
of agricultural residues with a view to establishing a pilot programme,
should the stidy prove the concept practicable. It was expected that the
pilot programme would provide a sound data base for the application of
this source of energy in the PTIA subregian. Prior to undertaking the
study, preliminary investigations were carried aut and on the basis of
the information and statistics made available for the study, Zimbabwe was
selected as the host countxy for the pilot plant.

Phase IT of the project, XA/RAF/88/681, imvolved, inter-alia, the \
installation of a pilot gasification plant which included gasifiers,
modified engine generatorr and ancilliary equipment.

4. Institutional Framework for Industrial/Energy Development

In the PTA countries, the Goverrments are responsible for
formulating energy policies and programmes. Apart from the Ministries of
Energy, which are the legal agents for encrgy plamning, development and
utilization, there are a mmber of public oorpomtmns respansible for
the development of energy resources, and, in same cases, ad-hoc
organizations have been set up to look m‘:othedevequnentofmwam
rencwable energy resources for rural needs in particular.

Regioral institutions, such as the African Regional Centre for
Engineering Design and Marufacturing (ARCEDEM) and the African Regional
Gentre fro Technology (ARCT), are also pramoting technological
dovelopment in the encrgy onctor.




PART B PROJECT JUSTIFICATION

1. Problems to be Addressed: The Present Situation

Energy consumption is a major indicator of socio-econamic
development. Energy in various fomms is a vital input to almost all
human activities ranging from cooking, lighting, heating, agricnltural
production, mamifacturing and transportation. The provision of adequate
supply of energy is-therefore essential to national development. The
unequal endowment of energy resources among the countries in the PIA
subregion coupled with the gap in energy technology development provide a
unique opportimity for subregional co-opeiation. At the moment, all the
PTA coaumtries, except Angola, import their oil requirements. It has been
estimated that, for same courtries, as mxch as 40 - 50 per cent of
fareign exchange earnings are spent on oil imports. Over the years,
limits in the availability of energy resources, technological change,
location, prices and use of certain fuels have necessitated the search
for new enexrgy altematives in Africa.

In the rural areas, where access to central power production is
limited, development of technologies utilizing locally available
agricultural waste is a necessity. In such areas, there is an increasing
depe:ﬂememdiselpmemdautogeneratorsfordeoermlizedpower
generation needed for agricultiral (irrigation, primary processing, etc.)
ar household uses. The effective utilization of these potential
resources for energy could coantribute immensely to achieving
self-reliance in energy and to minimizing some of the problems associated
with woodfuel consumption and defarestation.

e development of new and renewable sources of energy is a
practical option of the PTA countries, particularly for decentralized
small-scale energy supplies. This sub-sector covers solar, wind and
biamass. In the areas of biamss technology, several ad-hoc stidies have
been made and there are a few smll-scale projects for the conversion of
molasses into ethanol in Kenya, Mauritius, Malawi and Zimbabwe.

Given the large quantitites of raw materials available for biamass
production in the subregion, the Council of PIA Ministers, at a its
meeting held in Kampala, Uganda, in December 1987, endorsed the
recamendations of the Camnittee on Industrial Co-operation, namely that
mrﬁaxberstatsstmldintensifytheireffortsinR&Dactiviti&,
testing and in establishing pilot demonstration projects for biamass
production. This is a realistic approach to alleviate same of the
problems of energy. In the subregion, most PTA countries do not have
damestic resources of hydro-carbon fuels and have large rural commmities
located far away from the electricity distribution grid. The subregion,
however, produces a variety of crops, the agricultural wastes of which
could be converted into energy. Such crops include barley, beans,
coffee, corn, maize, cotton, groundmut, sugar cane and wheat.

Zimbabwe has a wide variety of the major crops used in biamass
production. The country has adequate infrastructire, including a well
developed electricity distribution grid. Like other PTA Member States,
the country has a large percentage of its population in the rural areas
and the rural comunities need energy to support aqricultural and small

industry activities. 1The m1jor rural encrgy coramers are fammers who

ed to Lirigate the faming fields and andertake prelininay proor=iiing




of their harvest. Energy consumed is mainly diesel oil which is used to
fire diesel ergines and generators and also boilers for steam production.

Agricultural production is carried out by small holders, privately
owned compercial farms and large state fanms owned and operated by the
Agricultural and Rural Development Authority (ARDA). The marketing of
crops is done by and through the Grain Marketing Board (QMB).
Agricultiral crops are delivered to QB depots where, as in the case of
groundnut, they are shelled or, as in the case of com and coffee, they
are partially processed, removing husks and parcment. It is estimated
that the country produces approximately 640,000 tons of comm, 12,000 tons
of groundnut and 10,000 tons of coffee. This therefore means that the
country has an adequate supply of agricultural residues selected for the
pilot programme, namely coffee, husks, gramdmt shells and corn-cobs.
These agricultural wastes are easily ocollected in the central depot of \
B and ARDA. The amounts of waste readily available for pilot phase are
160 tons of comn cobs, 960 tons of coffee msks from the Banket depot of
@B, ard 600 tons of groundmut shells fram the Cleveland Dam depot of GMB
(see pre-feasibility stidy).

Zimbabwe has same capabilities in biamass gasification _
technology. A source of cammercial gasification experience is the NEI
Cochrane Engineering (pvt) Ltd., in Harare. ‘This campany has devised
and sold a mumber of coke and anthracite gasifiers for rural use. It
also markets wood/charooal, gasmetsmﬂ)prodnergasclearersystexs
Nevertheless, a biamass gasifier capable of proc:ssmg the three selected
agricultral residues has not been developed.  NEI Cochrane Engineering
amd other corparations in Zimbabwe have equipment fabricating
capabilities and facilities. NEI Cochrane has, in fact, expressed
interest in participating in the development of a small agricultural
waste gasifier utilizing, in particular, maize cob. The campany is
interested in the supply of equipment and in making available local
experts to train equipmment users. It should be mentioned that this
campany has adequate fabricating facilities.

The pre-feasibility study for a gasification plant based on
agricultiral waste was dane by UNIDO. A detailed analysis was carried
aut of the structure of the agri “i1ltural system, means of disposal of
agriciltural wastes, physical/chemical properties, analysis of the
agricultural residues to be used as feedstock for qasifiers, etc. (see
copy of pre-feasibility report). A pilot unit was found necessary for
on-line exploratian of the viability of converting agricultural wastes to
mechanical and/or electric energy. It was noted that the agricultural
wastes available with suitable technical and econamic characteristics for
use as gasifier feeds were corn—ocobs, coffee husks/parchment and
groundnut shells. For flexibility to supply a range of demarnds using a |
unit of only ane size, for reliability of rural service and ability to !
operate as high on overall efficiency as practicale, a modular system
with a capacity of S0 K#h net electricity output was also proposed. The
preferred location of the pilot programme was the Nijo Estates which by
itself produces 1600 tons of corn per anmum (approximately 160 tons of
cabs) and consumes an average of 38 Kéh/per hour all year round.. ‘The
estate being only 30 km from Harare has a convenient acoess to spare
parts, oconmmables, anrl transport systems.




Through project XA/RAF/88/681 - Demonstration programme on the use
of indigenous biamass resources for meeting energy needs Phase II - two
gasifiers were installed. The gasification technique is to be used to
oonvert agricultural residual wastes (com-cobs, groundmut shell and
coffee husks) into useful fomms of energy. This technique involves the
partial comhustion of solid feedstock to produce a combustible gas which,
after appropriate filtering and cleansing, can be used directly in an
engine/generator and/or engine/pumps. This particular process is
appropriate, because the feedstock is available at relatively low or zero
costs. Ideally, the pilot programme facility should have access to
selected farm waste. With this technology, the design of equipment for
gasification units is not very camplicated and same aspects of the
equipment were fabricated locally. In addition, this technology is
oconsidered could be appropriate, because of the relatively low capital
cost involved and the level of skills required for operation and
mintenance of the plant.

Although the gasifiers have been fully installed, there is a need
to initiate intensive technical operation and testing of the qasifiers
with a view to:

(a) indicating the operational and/or new design modification, if
necessary, for operation with different feedstock available in the
subregion; and determining long-term operating characteristics
under prevailing conditions;

®) train a cadre of local technicians in the operation and
maintenance of the gasifiers so that they, in tumm, will train
others, when the gasifiers find wide—spread application;

(c) Undertake a survery/evaluation of the gasifiers to determine the
viability of the gasifiers in the subregion and assist the
Govermments in developing programmes for the local mamfacture of
the qasifiers and rural application of the energy generated.

2. Expected End of Project Situation

(1) The project will provide a basis of angoing technical co-operation
among the countries in the PIA subregion in that the
techno-econamic viability of the gasifiers will be validated in
these countries.

(ii) The doamentation on the design of the gasifier, including any
modification to be made will be disseminated to other interested
Member States with a view to encouraging further the local
mamfactire and use of these qasifiers.

(iii) As already indicated, there is an increasing dependence on
diesel-powered auto generators for decentralized power generation
needed for agricultural and household uses. However, given the
foreign exchange constraints in most of these countries, the
development and wide-spread use of the qasifiers in the rural
sector will constribute to

concerving foreign exchange spent on importsed fuel; anvd
achieving a certain degrooe of aolf-teliays in crverrgy.




3. Target Beneficiariles

Through this project, Nijo Estates, where the pilot prograume is
located, will be the direct beneficiary of technical assistance provided
by UNIDO which will enable it to use more efficiently the agricultural
wastes for energy production.

estates in rural Zimbabwe. The pilot gasification technology will also
be demonstrated for participants from other PTA member countries and
popalarized in the rural areas of the subregion.

4. Project Strateqy and Institutional Arrangements

The project will be implemented through the Ministry of Energy, i
Water Resaurces and Development in co-operation with Nijo Estate/AROA.
The pilot demonstration/tests will also be carried aut for participants
fram other PTA countries and the test results will be made available to
them through the Ministry of Energy.

The technical report on the pilot demonstration gasifier programme
will be utilized by other interested Member States in the subregion for
pramotional activities in their respective countries.

The project will be backstopped by IPCT/TP/BI. The respective
roles of the intemational experts and the experts of the consulting
at the initial stage of project implementation with regard to each of the
project outputs.

S. Reason for UNIDO’s assistance

PhaseIarﬂmaseIIofthispmjectkereﬁnarnedarﬂexeaxtedby
UNIDO. The launching of Hiasc I would involve same foreign exchange
resources which have not been budgeted for by the Government in their
development budget. UNIDO’s assistance in the project will wmainly be in
the fom of mobilizing internationally available experience and expertise
in the subject of gasification, identifying commercial mamufacturers and
research and development centres with accumlated technical know-how and
appropriate prototype equipment, utilizing experiences qained in other
intemational pilot projects and training programmes and for
co-ordinating the project with other angoing activities. UNIDO will also
play a crucial role in utilizing the pilot programme results to promote
camercial manufactire of the gasifiers for rural use in the subregion.

6. Special Oonsideiations

The countries of the PTA subregion rely on the use of woodfuels
for cooking, heating and lighting. The rapid depletion of forest
reserves and the recent drought which diminished the subregion’s
agricultural output and threatened its ability to feed its population,
have raised doubts on the rationale of utilizing woodfuel and
strengthened the need to develop other sources of energy. The
development of new and renewable sources of energy is a major and
practical option for the countriecs of the subregion and is in line with




the Nairobi Plan of Action on the development and 'itilization of new and
renewable sources of energy.

'mepm)ectalsoamatpxuwtu'gtedmcaloo-qaemtlmamxg
developing countries, TCDC, in that technical knowlecge/experience gained
will be tested and be applicable elsewhere in the subregion, perhaps with
different feedstocks.

7. Qo—ordination Aqrrangements

The project will establish links with other projects an rural
enexgydevelcpnent (utilizing agricultiral waste/wood waste from
saumills) in the subregion. Information and data compiled by experts o
these projects could be useful as background information for the
intemational expert and expert consulting fim who are expected to
undertake field trials and a market survey under this project.

8. Oounterpart Support Capacity

The Government of Zimbabwe/Ministry of Energy, Water Resources and
Development, in co-operation with ARDA/Nijo Estates, will provide the
sheds for the gasifier pilot plant and aid work services. The Nijo
Estate is also capable of producing adequate agricultiral waste as raw
material inputs for the gasifiers.

C. DEVEIOPMENT OBJECTIVE

The development cbjective is to achieve increased self-sufficiency
in energy supply, particularly in the nmal sector, thereby reducing the
PTA subregion’s dependence on imported fuel and conserving foreign
exchange

D. IMMEDTATE OBJECTIVES, OUTPULS AND ACTIVITIES

. To validate the feasibility of the pilot gasification technology
to canvert agricultural waste into energy with a view to pramoting
its wide-spread utilization throughout the PTA subregion.

2. To increase the capabilities of the technical and maintenance
persomel of the pilot demonstration programme who would also
serveastramersv&mthebedunlogylsapphedel.,emeremthe
subregion.

QUTPoTS

Output 1 A fully operational demonstration gasification programme in
the PTA subreqion (gasifiers were installed during phase II
of the project)

Activities Duration
_(__l (months)
1.1 Assigmment of experts to carry 1 1

out the under-mentioned project
activities

1.2 Preparation of sub-oontroct. for 1 1
Tocal ensginvsering cropany to




Activities Start Duration
(month) (months)

assist project persamel in
conducting tests (e.qg. gas
analysis) and to modify existing
gasifier design to suit local
conditions

1.3 Organization of testing programme 2 2
including plaming of fuel
collection, transportation,
treatment and storage; pattermn
of data oollection and metho-
dology of analysis to be done

1.4 Implementation of testing 4 contimuous
programne; this involves running
of gasifiers with the different
feedstocks, analyzing the gas
output mainly for tar contents,
modifying feed preparation and/or
gasifier to reduce tar content,
conducting long-term operation
with full load to record
operating characteristics and
developing "best practice"
operation and mintenance pro—-

cedures

1.5 Development of design modifi- 6 10
cations

1.6 Train local persannel in the 2 continous

operation and maintenace of
the technology

Qutput 2

A report containing description of the desiqn and fabrication of

the qasification technology, the characteristics of operation of the
qasifiers indicating the desigqn modifications necessary for optimal
functionning with the different aqricultural resources/feedstock;
econcm’c analysis/data of the field trial of the technology.

Activities Starc Duration
{month) {months)
2.1 Assigmment of experts, prepara- 1 1

tion of framework to carry out
project activities

2.2. Camwpile information on design/ 4 continous
fabrication and modification of
the gasifier technology, the
production prxyas andd any other
variation desclopasl dorinsg thee
project lite




— 1 0 P
Activities Start Duration

2.3 Collect and analyse data and 4 12
prepare techno-econamic analysis
on the design/fabrication or
modification process and field
trials of the technology

2.4 Investigate the viability of 6 6
the technology in other Member
States, particularly in the rural
areas

2.5 Prepare detailed report 10 6
characteristics; econamic analysis
and viability of the technology,
including recommendations for
futire modifications

Output 3

A report on marketirf survey and potential for the local
mnufacture of gasifiers in the subreqgion.

Activities Start Duration
‘ (wonth) (wonths)
3.1 Assigmert of experts to carry 6 1

out project activities for the
realisation of output 3

3.2 Oonsultations and discussions 8 1
) of technology with engineering
consulting company/contractor;
review and analyse data an
technology, including design
ard use of feedstock

3.3 Collect and analyse other 8 2
relevant data

3.4 Investigate the market for 6 2
energy products by gasifiers

3.5 Consult with potential entre— 14 2

prenaurs/engineering firms
to determine potential for local
ma: Afacture of gasifiers

3.6  Prepare report on marketing 14 4
survey and potential for further
investment in the qasifier
technology




Output 4

A core of eleven operation and maintenance personnel trained in
all aspects of gasifier operation, monitoring, engine maintenance, fuel
preparation, load connection and mangement of overall operations.

{wontth) (months)
4.1 Assigment of same experts/ 1 2

cotractor as for output 1 and
short-term oconsultant to conduct
local an-the—job training
4.2. Design of training programne 2 continuous \
based on level of persaomnel and
modifications and field trials
of technology

\
4.3. Implement/conduct tralmng 3 continuous

INFOTS

I. Govermment Imputs

At the end of phase XTI of the project, the national caunterparts,
Department of Energy of the Ministry of Energy, Water Resources and
Development (DOE) and the Agricultural Rural Development Authority
(2RMA), have, in principle, agreed on providing the following inputs:

(i)  Facilities

Physical structures will be provided to house the installed \
plants (these have already been almost completed), a shed will be
built for fuel storage, office space is being prepared at the site
for project staff.
\

(ii) Personnel

ARDA will provide four artisans, including an engine
mechanic and an electrician as trainees, as well as a project
co-ordinator, and ane labourer from the estate will be assigned to
the project. DOE will provide ane trainee and the project
manager. These assigmments will be for the duration of the
project. The Govermment will also identify candidates for the
post of a project director and a statistician.

(iii) Services

ARDA and DOE will jointly provide tr=vsportation and
orqanizational services, as necess - - collection,
delivery and storage of the variou: = , 10 be used in the
tosting programme.  Unskilled labo - .., oo be provided.




II.

&

16-00

17-00

21-00

32-00

UNIDO Inpucs

Iten __ m/m

Expert in gasification techno- 7
logy (CTA); srlit missions as

follows:

maxith 1 - 3

month 7 — 8

month 15 - 16

Short-term experts for t.he 1.25

planning of testing programme,
organization of all inputs and
training of operators

National expert (project director) 16 .
National expert (statistician/ 6
marketing expert)

Subcontract with local eng:meenng 6
firm for provision of services,

as necessary, during testing; for
harvester modification to enable

easier collection of com-cobsy

ard design mdifications of

gasifier for fuel and local
mamfacturing conditions

Group training programme (Study tour)
(1) Rourd trip air ticket for

five at an avarage of US$300
(1i) Per diems for five

participants for 7 days at US$100

41-00 Expendable equipment (e.q. engine

oil, diesel, cables and other
hardware baske’cs hand tools,
protective clothes, water,
filter and cleaning material,
fuel for transport, etc.). This
is deemed necessary ‘for contin-
uous cperation of the pilot
programne in case there is some
delay in Goverrment input
delivery

63,000

12,000

4,000

5,000
1,500

3,500

10,000
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2

42-00 Nomexpendable egquipment 20,000
(camputer/printer, low voltage
starter, power cable, electrical
campanents, spare parts)

51-00 Miscellaneous 3,000
99-00 TOTAL ) 188,500
E. RISK

The success of the test runs to be carried out under this project
depends an the cuntimaous supply of agricultiral waste and other
consumables for the operation of the gasification technology. Failure to
provide these could disrupt the implementation of the project.

The likelihood of this ooccuring is minimal, as the Government has
made provision for the supply of a minimm of 49 tons of com cabs, etc.

F. PRIOR OBLIGATIONS AND PRERBUISTTES

The Governmment of Zimbabwe should identify the counterpart staff
to be assigned to the project and will inform UNIDO of the names of the
counterpart staff piror to the assignement of the intemational expert.
The project docment will be signed by GNIDO and UNIDO’s assistance to
the project will be provided only, if the prior cbligations stipulated
above have been met to UNIDO’s satisfaction. -

G. REPORTING, EVAIUATION AND FOLIOW-UP ACTIVITIES

The project shall be subject to evaluation in accordance with the
policies and procedures established for this purpose by UNIDO. Upon
successful campletion of the project, UNIDO will review the reports to
determine further technical assistance needs for the local mamfacture of
the gasifiers in the subregion.

H. BUDGETS

The project budget sheets are attached.




ANNEX B - CTA's JOB DESCRIPTION
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Armex IX
JOB DESCRIPTION

Expert in gasification technology
7 months split mission
June/July 1990

Harare, Zimbabwe, with possible travel to other

(1) To validate the feasibility of the pilot
gasification technology to canvert agricultural
waste into energy with a view to prumoting its
wide-spread utilization throughout the PIA
subregion.

(1i) To increase the capabilities of the
technical and maintenance personnel of the pilot
demonstration programme who would also serve as
trainers when the technology is applied elsewhere
in the subregion.

The expert will be respansible for the
organization and implementation of the testing
programme of the installed pilot plants.

In partiailar, he will:

1. Prepare a detailed programre for testing the
installed plants, including planning for
collecting agricultural residues as fuel;
specification of parametres to be monitored; - .
methodology for data collection; testing
schedule; etc.

2. Prepare guidelines for the operation of the
gasifiers;

3. Prepare guidelines for performance analysis;

4. Supervise and assist in conducting test runs
of the gasifiers with the different
feedstocks;

5. Liaise with subcontractor (local engincering
firm) on the development of design
modification;

6. Together with the statistician and short-term
consultant on marketipf, review and analyse
data on the gasifier techrology and the
market situation for energy products by
gasifiers;




-

Qualifications:

Ianquage requirements

10.
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Design and conduct training programmes for
technical operators;

Prepare, in ocollaboration with the other
experts and local engineering firmm, a
characteristics, econamic analysis and
viability of the technology, including
recomendations for future modification;
Organize and implement a group training
programre/demonstration programme on the
gasifier technology;

Prepare a quarterly report ard terminal
report on the project implementation.

An Engineering Degree or equivalent with
experience in pyrolite gasification.

English




ANNEX C - PROJECT DIRECTOR's JOB DESCRIPTION




Post title:

" Date required:

Duty station:

o/

Purpose of project:

Duties:

Qualifications:

Tanpuyge rexprirvment os:

JOB DESCRIPTION

National expert (project director)
16 months
June/July 1990

Harare, Zimbabwe, with possible travel to other

(1) To validate the feasibility of the pilot
gasification technology to convert agricultural
waste into energy with a view to pramoting its
subregion.

(ii) To increase the capabilities of the

technical and maintenance personnel of the pilot
demonstration programme who would also serve as

trainers when the technology is applied elsewhere

in the subregion.

1. As national project director, the expert
will be respansible for maobilizing all
local inputs for the testing programme and
identify and select the local crew to carry
out the full programmne;

2. He will assist the intermational expert in
gasification technology in the organization
and implementation of the testing programme
an the installed nilot plants;

In particular he will:

(1) Supervise the running of the gasifiers with
different feedstock analysing the gas
axtgxt:,, modifying feed preparation and/or
gasifier based on the analysis;

(1i) OCompile information on the design/
fabrication and modification of the
gasifier technology, the production process
and any other variation developed during
the project life;

(iii) Together with the other expert, prepare a
report on the technical characteristics of
the programme and make recommendations for
future improvements.

Degree in agricultural enginecering with
experience in the operation of pyrolite
gasification trchnology

Frrylish
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DESCRIPTION OF DUTIES FOR THE STATISTICIAN FOR THE DEMONSTRATION
PROGRAMME ON THE USE OF INDIGENOUS BIOMASS RESQURCES FOR MEETING
ENERGY NEEDS: PROJECT XA/RAF/90/602

---—______-..._-——--—-—————‘---————_--___-—-—-—-—-_—-—————~----——-.

Post title: National Expert (statistician/marketing expert)
Duration: 6 man-months, subject to conditions of Agreement

Date required: January 1, 1991
Duty Station: Harare, Zimbabwe

Purpose of Project:

To validate the feasibility of the pilot-
gasification technology to convert agricultural
waste 1nto energy with a view to promoting its
widespread utilisation throughout the PTA

subregion.
DUTIES
A. - Overall survey of agricultural wastes and related issues in

PTA countries.

B. Deteiled survey of agricultural wastes and related issues in
Zimbabwe.

The following topics/issues will be considered in the survey:

1. The agricultural wastes that have been identified in the
Demonstration Programme are:

maize cobs;

groundnut shells;
coffee husk;

appropriate alternative wastes may be suggested.
2. Quantities of available wastes and seasonality:
3. Methods of production and handling:

agricultural practices affecting the production of
agricultural wastes;

4. Geographical distribution:

5. Settlement natrterns:

as they affect production and use of agricultural wastes,
including main types ot settlement, typical activities
and development trends;

Alternative uses of the wastes:

related to the geographical and sett]ement patterny,
substitution costs, socio cultural tactor:; ete:.




9.

10.

Preparation of the waste to meet gasification requirements:
physical requirements, transport and storage needs:;
Power distribution patterns:

main grid;
present location and use of diesel powered units and
other power sources;

Future trends:
Other relevant data;
Identification of potential sites for gasification;

demand for power and characteristics of the demand;
availability and nature of existing power;
socio-economic aspects (briefly);

viability of gasification, availability of revenue;
financing and infrastructure;

potential for further investment in gasifier technology:
possible way(s) of introducing the new technology.




ANNEX E - TRAINING PROGRAMME




TRAINING PROGRAMME

The producer gas technique is new to most of the developing countries and
normally aiming at installation and operation in rural areas where the level of
education and training can be expected to be lower than for the country in general.
Technical assistance may also not be available. All together, this further stresses the
importance of genuine training.

The milestones of the training conducted at the project, mainly during the third
phase, together with the experience gained, has guided the foliowing frames for a
training programme to be adopted or form guidelines for similar activities
implemented in the future.

The guidelines below are based upon the actual level of the staff available for

this project (phase three), but experience from similar activities in other developing
countrics have influenced, as well.

1.  Initial training

All staff, preferably including additional staff to compensate for drop—out:

- Introduction of the technique, purposc of the project, what we want to achieve,
how and when.

- Explanation of the function of the plant and the respective component in bricf,
if possible both theoretically and practically.

- Give the staff an opportunity to actively take part in the installation and
commissioning. Normally the manufacturer, or qualified cxperts will then be

prescnt.

~ Presentation and going through the manufacturer's instructions and manuals on
sitc.

- Risks and hazards with produccr gas plants — precautions.
- Check-up of reception and understanding.
All the above mentioned gives valuable information for the following training
and for recruitment and delegation of responsibilitics.

Besides the installation, the pre-initial training should be given a minimum of




one week.

The organization of the staff should be clear by now, especially in terms of
responsibilities, to assure adcquate future training and of "right man".

The following section applies to all staff as well. It should be stressed also, that
the managers must fully understand the function and practical operation of the plant.

- Initial operation of the plant under qualified supervision.

- Stating 1esponsibilities and obligations regarding the actual, practical and daily
work.

— Presentations and going through safety regulations/iastmctions.

- Following of the manufacturer's instructions and manuals and working out iog
books. Find practical routines for keeping the log books.

- Carry out a complcte service of the plant (i.e all maintcnance mentioned in the
manuals, except overhauls of the =ngine).

2.  Service and maintenance

Introductory course

This scction applics to all opcrators and relevant parts to includec managers as
well and should be carricd out by experienced and qualified people at a very carly
stage of the projcct, but when the staff is somcwhat familiar with the cquipment. (The
first oil change could be a guidance.)

Maintcnance can never be stressed cnough. Conscquently, all the activities
should be stopped and all the managers be actively involved to really emphasize the

importance.

- What is maintcnance and why maintcnance?
To be explained by local staff in a "local language”.

- Excmplify maintenance and lack of maintenance, consequences — practically
and in terms of moncy (carly, high sparc consumption and production loss).

A scparatc/parallel course, at this stage, for managers down to chicf
opcrators is highly reccommended, whereby the following is worked out:

- cost of scheduled maintcnance and spares;
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- monitoring/accounting of scheduled maintenance, repairs and spares and
budgeting for the sane;

- cconomic consequences/financial analysis caused by production loss,
additional major overhauls and shorter lifetimes;

~ routines and monitoring for the service and maintenance is worked out;

— organization, responsibilities and incentives to make it work;

- presentation of the course and findings to the rest cf the staff.

~ Apply the above to the actual plant/activity.
Log books, manuals, service routines, daily, weekly, monthly etc and work out
routines that works independently of the level of the staff.

- Organize the staff accordingly.

G | . . { mai

This coursc should be carried out soon after the general course and be
supervised by the project manager and a qualified enginecr with experience from the
actual field. All staff down to operators should be attending the course and the plant
conscquently shut down to stress the importance.

- General usc of hand tools, including storekecping.

- "Bolts and screws"”.
Torques, practical demonstration of the strength of diffcrent threads and sizes,
rusted and clean threads, matching threads ctc.

- Flanges, lids and gaskets - basic theory and practical handling.
(Very important for a producer gas plant and this scction applics as much to the
managcrs.)

- Handling of gaskcts and their repair and substitutes.

- Loosc bolts and nuts - conscquences and maintenance routines.
The samc comment, as in the bracket above, applics.

- Apply thc above to the actual plant and operation.
This sounds very simple, but the expericnces prove that loose, missing or
wrongly tightened bolts and gaskets can causc scvere damage to the cquipment.

- General cnginc maintcnance.

- Maintcnance of the gas cleaning cquipment.
This is a very important part and detrimental to the lifetime and performance
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of the engine and the consequences must be made clear to the operators.
- General maintenance of all the components of the plant.

- Log books rouiines and responsibilities for the service and maintenance.

lied service. rcpair and mai

With time, when the first repairs occur and a picture of the "weak spots” (of
both plant and staff) begin to crystallize, shorter courses with relevant staff should
be carried out, emphasizing the experiences gained.

- Go back to the manuals and try to find out when the malfunctioning started and
what has caused it and why. What could have been done and what to do now?
This will stress the importance of good record keeping and stimulate the staff.

~ Train the staff in the relevant field.
The training will, by now, likely be more applied to specific fields, like engine
overhaul, repairs and manufacturing of simpler parts (substitutes for the filters
used etc.).

- Stress and train the staff to look into possibilities to improve, modify or use
other methods, local material etc.

Besides formal/organized courscs the management should continuously follow
up and train the staff in service and maintenance.

3.  Monitoring

The monitoring applies to all levels and stages and depends on the activity and
expected outcome. However, general monitoring like logbooks on daily operation,
scrvice, maintcnance ctc applies to any opcration, as carlicr indicated.

The importance of keeping accurate and coruinncus records seems to be very
difficult to implement. A lot of information for the R&D is hereby lost.

The first log books to be opened arc on service and maintenance. This book
should show what and when donc and by whom, what used/replaced. The store
keeper should keep records on the cquivalent spares used and in stock.

To be ablc to follow the maintcnance instructions, there must be a log book on
the daily operation.
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For this type of activity a daily log sheet is very important. The records should
cover hours operated, in and outputs, temperatures, pressure drops, feedstock used
etc. These log sheets give very valuable information for the evaluation of the
technique. This monitoring helps the operators to sec when the plant is operating well
and when something is malfunctioning. Besides all the valuable information that can
be drawn, the monitoring itself is a good training for more advanced testing
programmes.

It has been learnt that the monitoring itsclf contributes substantially to the
training and education, especially of the least trained staff.

The training programmes, presented in /9/, together with the manufacturer's
manuals form a good guide line on what kind of monitoring applics to operation of
a produccr gas operated plant.

The most difficult training component, which is not part of this chapter, is the
training of the managers to continuously follow up the monitoring/record kecping.
This is likely the main reason whencver proper records are not kept.

It can be concluded that the training of monitoring is very important and the
skill should bc gradually built up by initially kceping simple daily log shects, for
monitoring of advanced tests. To maintain continuity in the monitoring, it is of
outmost importance that the monitoring is followed up by the managers and that
feedback is given to the ones monitoring, all to correct and motivate the monitoring.

4.  Training related to the producer gas technique

This course, which could include all staff plus a few technicians and engincers
within the daughter/sister organizations/companics, should be conducted by the
projcct manager assisted by an cxpericnced gasification engincer (expert).

The onc or two day course should explain the basics of gasification applied on
the actual plant and application.

The aim is to train the staff to understand the process and link this to the
design, scrvice and maintcnance, fucl preparation cte at site. The ultimate goal is to
motivate (to feel part of and proud of the development) and train the staff to actively
take part in the improvement, devclopment and dissemination of the technique.

Relevant scctions, i.c only those ones that apply to the actual plant, from the
conductced training coursc/seminar /10/ form a good guidance for the contents of this
local gasification training, coursc.
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These courses can preferably be repeated and gradually dive delve into the
subjer.t.

National gasification traini and seminar)

This type of courses can be extended to involve tentative users, technical
schoo's and universities and even become a subject on the school scheme. It is only
the funds and time that sets the limits.

However, the technique is not "high tech”, but a new technique to most of the
developing countries. From this point of view it is very important, for a successful
introduction and dissemination, that active and extensive training is carried out in
fields where the technique is likely to be introduced.

A good guidance for the contents and frames of the course(s) is the training
course carried out during the present project /10/, but extended to two weeks and
with approximately 20 participants. Thc coursc should b tailored to the backgrounds
of the participants and the local conditions. The course should further include case
studics from the participants' countries.

The course(s) could also include seminars, which arc not part of the training
programme, however.

Safety aspects

Since the producer gas is a deadly poisonous gas, instructions and explanation
of the process, operation, handling ctc, in this respect, should be gone through at a
very carly stage of the project. The first information has to be given before the first
start-up of the piant.

The safety regulations and precautions, including ordinary industrial aspects,
should be followed up periodically.

5. Modification and manufacturing

A pilot gasification dcmonstration programme can not cover nor provide
workshop and manufacturing training as such. A substantial training component in
this respects is a normal spin-off cffect, however, especially for projects running over
longer periods with resources and time for local modification and manufacturc.

To be able to carry out R&D and therchy modify and improve a plant, the
feedback from the permanent staff is of outmost importance. The training mentioned




ion Paragraph 4 is rcferred.

As far as producer gas plants are concerncd, in general, there is lots of
information from short tests and from the first few hundred hours of operation. When
it comes to long term tests, the results and the reliability of the records are limited.
Some of the main reasons are related to the management and the maintenance.

The actual technique could really make a step forward if higher degree of
sustainability in the operation and monitoring could be achieved. The long term tests
can hardly be carried out by senior (foreign) staff, since the labour cost becomes too
high. The tests, i.c daily operation under controlled conditions, have to be carried out
with ordinary operators, perhaps strengthened with a local engineer, due to the nature
of the project.

Thus, the training, as far as modification and manufacturing is concerned,
should rather be stressing the conditions that can create an atmosphere whercby a
meaningful, sustainable and systematic development of the technique, through or
ending up in local modifications and manufacturing, can take place.

From the above, we can sce that we arc back to the fact, that the uitimate
responsibility is on the management to make sure that rccords arc kept and
instructions arc followed. However, unless there is no feedback from the managers
to the operators, the routines tends to ('rop back "to square onc".

There arc many cases when modifications have been done, but duc lack of
reliable records or sporadic records or operation, very limited conclusions can be
drawn from the change. Other factors like that the originally trained and skilled staff
have left the projects contribute to the trend.

The sporadic obscrvations mentioned above, indicate many factors that arc
normally not considered and that are difficuit to include in a training programme.

To proposc some kind of guidance on a tr2ining programme, the following has
been found to have a positive influence on the sustainability and outcome:

- Budget and schedule for local manufacturing of a plant within a few ycars from
start.

- Work actively, i.c involve and includc all the key people, towards the goal to
have onc ("own") plant manufactured locally.

~ Continuous monitoring and rclating the results to the activity and to the
proposcd ana donc modifications.

~ Train the staff to rcad the records and make the monitoring meaningful by
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introduction of, for instance, an incentive system. Perhaps a certain percentage
on diesel oil saved.

— Periodical follow-up by qualificd staff (foreign experts if necessary).
- Use a load for the plant which puts a pressure on the staff to operate the plant

- Introduce revolving funds for the service given (power delivered) and use some
for the incentives.




ANNEX F - TECHNICAL DATA ON SES GASIFICATION SYSTEM
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ANNEX G - TECHNICAL DATA ON ANKUR GASIFICATION
SYSTEM
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ANNEX H ~ PHOTOGRAPHS OF WASTES TESTES
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ANNEX I - ENGINE OIL ANALYSIS
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ANNEX ] - EFFLUENT DESTRUCTION DEVICE










ANNEX K - DRAFT OF A PROPOSED MODIFICATION OF THE GAS
CLEANING SYSTEM FOR THE ANKUR PLANT
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ANNEX L - TECHNICAL INFORMATION ON FINAL PROPOSAL

This annex contains drawings and sketches from the Sub—contractor's Final
Report to UNIDO /12/
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ANNEX M -

SKETCH ON A CHARCOAL GAS PRODUCER OF
SIMPLE DESIGN
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ANNEX N - EXAMPLES ON DAILY OPERATING REPORT
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1LY OPERATING REPORT ' o
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DAILY OPERATING REPORT
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DAILY OPERATING
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Gasifier system:

Ankur Load:
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ANNEX O - TEST RESULTS




Summary of fuel properties

shells

1) Done manually on site
2) To be determined by the Chief Operator

lenght 2-5 cm

"Fuel Fuel preparation Moisture Particle Bulk density
content I size dry kg/m3
Wood Air dried and 2) about 2)
cut into blocks!? 1x2x6 cm
Corn cobs Air dried and 11 -14 diam 3 cm 130
cut into lenght 4-6 cm
three pieces?)
Macadamia As received 8 1-2 cm 400
nut shells
Ground nut Pelletized 9 diam 23 mm 450



Preliminary tests with the ANKUR-system

Fuel corn cobs
Moisture content % 11.1 12.0
Date 21/3 27/3
Filter system Ooriginal Modified
Duration of test, hours 3.3 5.7
Average load, kW 9.9 19.4
Specific biomass fuel )
consumption, kg/kWh 2.2 1.0
kg/h 22.2 19.4
Specific diesel
consumption, kg/kWh 0.31 0.27
Diesel substitution % 46 < 53

Pressure losses:

Gas producer

initial mmWg 63 65
end of test mmWg 1000 25
Filter system mmWg
initial mnWg 2 90
end of test mmWg 10 1175
Gas composition:
COo % - 11.6
0, % - 4.6
co, % - 13.2
Dust mg/Nm’ about 200 83

Tar mg/Nm’ no condensates collected




Preliminary tests with the SES-system

Fuel
Moisture content %

Date

Duration of test, hours
Average load, kW

Specific fuel consumption
kg/kWh
kg/h

Pressure losses:

Gas producer
initial, mmWg
end of test, mmWg

Filter system mmWg
initial, mmWG
end of test, nmWg

Gas composition:
CO %
o, %
co, %

Dust mg/Nm’
Tar mg/Nm’

Condensates, % of
fuel moisture

Corn cobs
11.7 16.1
19/3 20/3
3.5 7.0
6.5 19.6
4.1 1.4
30.2 28.2
170 95
75 150
600 185
120 310
< 7 < 7

no condensate

a5

15.0

22/3 - 23/3

10.5

13.1

1.9
24.6

18.0

10.5

75

Macadamia
nut shells

9.0

25/3

3.3

14.2
2.3

32.7

390

1590

130
150

@ H O
ooN

63

Groundnut
shell pellets

10.0

26/3

3.2

19.2
1.9

37.1

305

1420

200

L] . »
oN ®

47



Ligquid residues produced by the SES-system

Date 20/3 22 - 23/3 2573 26/3
Feedstock Corn cobs Macadamia Groundnut
nut shells shell pellets

Total amount
of feedstock 235 297 247V 276V
supplied, kg

Feedstock

moisture X 16.1 15.0 9.0 10.0
Water supplied

with feedstock 37.8 44 .6 22.2 27.6
kg

Condensates, kg:
Gas producer 4.0 11.5 3.0 3.0

W
v

Filter system 22.0 11.0 10.0

Fraction of
fuel moisture 35 15 63 47
collected X

Note:
1) Including initial filling.






