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Abbreviations

ICD

TC

TCH

Metric tonnes sugar cane per dav

Hetric tonnes per day

Metric tonnes cane per hour

hectar

metric tonne

litre

grade Gay Lussac




I. INTRODGCTION
Sugar production was established in Angola in 19C8 near the village

Bom Jesus. Todav, there are four sugar factories in the country, of

which two are near Luanda and two near Benguela, in the South.

The factories are the following:
"Herols De Caxito”, 6C km north of Luanda, established in 1933,

nominal capacity: 18C0 TCD;
"Amizade Angola-Cuba", 40 km north-east of Luanda, established in 1908,
noninal capacity: 700 ICD (since three years not operational);
"Prinerio de Maio”, located between Lobito and Benguela, established

in 1926, nominal capacity: 2500 TCD, with a distillery producing
5.100.000 1 alcohol per year;
"Quatro de Fevereiro”, 50 km south-east of Benguela, established in
1914, nominal capacity: 1200 TCD.

The production capacity of the sugar industry has increased consi-
derably during their history. From 1967 to 1973, from 60.000 t to
80.000 t/year, whilst the peak production period was in 1977 totalling
83,000 t.

The sugar consumption in Angola has increased even more rapidly
than the production, from about 24.000 t in 1959 to 110.000 t in 1980,

In 1980/81, the sugar production was approximately 26.000 tonnes,
which represented about 25 per cent of the conswastion, or about 30 per
cent of the production of 1977, The decrease of the sugar production

in the factories in the North was 90 per ceat, in the Southabout 30 per cent.

To overcome the loss in sugar production, the Govermment of Angola
estabished a programme to rehabilitate and develop the sugar industryv.
It 1is an emergency programme given prioritvy against other similar

programmes.

According to this programme, the sugar production should be increased
as quickly as possible within the next years compared to the production
in 1974, In implementing this programme, the Ministry of Enerzy has
signed a contract in 1779 with the Belgian Company SOPEYX which should




elaborate a project where all aspects concerning sugar production had
to be examined and proposals for each factorv should be made regarding

the rehabilitation and development of the sugar industry.

Within a co-operation programme with Cuba until 1979, Cuban tech-
nicians have assisted the Angolan sugar industry. In 1980, Tate and
Lyle of U.K. was contacted to present a study about rehabilitation of
the Angolan sugar industry.

In 1983, the Govermment of Angola agreed that following a co-
operation programme with Cuba, Cuban technician would assist the sugar
production in Angola for now and in the future, to rehabilitate the
sugar production.

The objective of the visit of the UNIDO expert was to revise and
comment on the studies made by SOPEX and Tate and Lyle, make assessment
of the existing sugar production facilities and to make recommendations
in connexion with the rehabilitation and development of the Angolan sugar
industry.

II. CONCLUSION
II.1. Conclusion of the SOPEX studv
According to the rehabilitation programme of SOPEX, the production

of 67.000 t of sugar per year would be reached within five years.

It is recommended to close down the Amizade Angola Cuba factery and
Tehabilitate only the remaining three factories. They conclude that a
total investment of 620 million Kv.. (approximately 2imillicn US$) would be
necessary for the rehabilitation.

According to the SOPEX study, 369million Kv would be necessary to be invested
in repairing and renewing the industrial equipment, and about 270million
Kw to change the cane transportation system in two factories.




Additionally, the following is recommended:
- to implement study programmes for the versonnel:
- to engage skilled technician from foreign countries:
~ to motivate the workers; and

- to reorganize the spare-part handling.

After the rehabilitation programme, a ''development programme” should
be executed to achiave self-sufficiency in sugar. The production should
increase to 116.J0CC t per year. To reach this target, SOPEX recommended
to inplant two additional sugar mills, each processing 4.000 TCD. The
investment required for one complex is estimated at about 5.000million KW.

(US$155,000.000) .There are several places which have heen suggested for
the installation of the "new mills",

For the utilization of the by-products, SOPEX recommended to list
bagasse exclusively for energy productior (steam) and molasses as raw
material for alcohol production. The alcohol production should be annexed
to the sugar mills.

II.2 Conclusion of the Tate and Lvle Studv
The study is based on visits in 1980 and 1981 in connexion with
the rehabilitation of the existing sugar mills but not giving any

suggestions for the development of the sugar industry in Angola.

They concluded that after a revision progmamme of six vears,
Angola would be able to produce 76.000 t of sugar in three factories.
For the revision programme, they estimate an amount of 50 million Kv in fo-
reign ~urrency (US$9.000,000) is required. The fourth one, Amizade Anzola
Cuba, should be convereted into a distillery. The alcohol should be
produced directly from cane and for the molasses “rom Caxito should be
used for chemical industry and liquor production. In the agriculcural
field, Tate and Lyle recommended replanting the fizlds, renewing some
cane varieties and repairing several parts of the irrigation and
drainage system and to substitute the railway transportatiom bv a road
transportation system,




In the industry they recommended to start a revair orogramme.

Por the rehabilitation Tate and Lyle offers specialists to undertake

the work. There is no estimation on the total investment.

II. Conclusion of the Assessment of the PFactories

In the last two years much of the work suggested in the studies
has already been concluded. Several areas of cane have been revlanted,
the irrigation system in some areas has been imvroved and the cane trans-
portation system was completely renewed in two factories. For repair
works and maintenance, skilled workers have heen engaged. Therefore, the
factories are nov in a better condition than at the time when the studies
vere made. Not so much equivment was revlaced by new ones as recommended
in some parts of the s*udies as it did not avpvear to be necessary.
Many of them can still be repaired (steam boilers) and do not need to
be replaced. Others only need to be adjusted (evavoration) to function
satisfactorily in the future. The main cause for the actual low vro-
duction and the low yields is a "human'" factor. There are nct enousgh
skilled workers and technicians in the factories, the oresent workers
are not motivated enough to zive better results. Some incitements for
the worker as some drinks or perhaps a radio or a bicvele would motivate
the people for better results in their work. There is a lack of quali-

fied technicians.

There are some Angolan technicians who studied sugar technology
in foreign countries, but most of them are now employed in administration
in other fields. On the other hand, the management of the sugar factories
is extremely overworked because they have to face each "case" themselves

and find a solution.

Anotinier reason for the low sugar oroduction is the decrease in cane .
production which is caused by irrigation problems. availability of ferti-
lizers anc field renovation. In the sugar process, the orinciple

problems are:




- insuf?icient chemical control which cause losses in sugar, low

quality of sugar and higch consumvtion of chemical production:

- insufficient maintenance control due to several breakdowns, there

is a lot of producticn time lost for revairs, which causes losses
in sugar:
- not equilibrated energy balance, there is not one factory with a good

energy and equilibrated balance, the steam consumption for sugar
boiling is too high:
- lack of svare parts and imported chemical products, there is a large stock

of several parts, but those vhich are actually needed are not available.

To overcome these problems, the following is recommended:

- nore chemical control of theprocess, implantation of processes ard
technologies which are easy to handle and to control;

- to establish a maintenance control prograrme;

- to recalculate the energy consumption of each factorv and elaborate
a2 new energy balance: to reform the evaporators ( to try to keep the
fuel 0il consumption at practically zero);

- to nake the purchase of chemical and foreign equipment less bureaucratic.

Regarding the personnel problem, it 1s recormended to undertake a
"motivation” programme and a training propramme., The training programme
should not be a theoretical one, but a practical one in which the workers

should be trained bv skilled people to handle &t least one machine and do one

process step properly.

III, DEVELOPWENT OF THE SUGAR LDI'STRY

It can be assumed that actuallv there 1s a demand of about 120,000

t of sugar which 1is expected to increase within the next ten years to at
least 140.000 t.

at the "1° de Mato" factory, there 1s ingufficient land, at the
"4 de Fevereiro’’, there are problems regarding the water supply. The
only factory wnich has no limitation in terms of cane cultivation is

Caxito.

Based on these agricultural considerations, the future sugar

production could be:




after rehabilitation after expansion

at 1° Maio 35,000 ¢t 35,000 t
at 4 de Fevereiro 15,000 ¢ 40.000 ¢
at Hereois de CAXITC 25,000 ¢ 50.000 t

75.000 ¢t 125.00C ¢

To rehabilitate iLese production figures, the following invest-
ments are necessary in the "I de Fevereiro” mill: consturciton of
a dike and improvement of the irrigation systems, increase of the
cvaporation and the crystalization station in the factory, some process
changes, reconstruction of the mill. In the "Herois de Caxito” mill:
increase the area of vlantation. The ccaplete reconstruction of the
dike in "b de Pevereiro" is not considered economical; there arc two
possibilities: the one is that Caxito production will be increase to
about 75.000 t sugar/year, the other is that the alcohol factory -
"Amizade Angola Cuba" the production of sugar would be started again.
In this case, a new area about 10 km down the River Kwarza, must be
cultivated vith cane.

From the economic point of view, it seems more advisable to in-
crease the production in Caxito from 25.000 ¢t to 75.000 t as it is
considerably cheaper than to increase to 50.000 t and to establish

an additional "new”" 25.000 t sugar production unit.

In the development of the sugar industry, the demand of mnlasses
for veast and alcohol production should also be included, For Yveast
production about 6.000 t molasses will be required and for alcohol
production in the Bom Jesus factory, about 8.000 t. The total demand
in the North will be about 14.000 t/year vhat corresponds to about

50.000 t of sugar production toms per year.

IV. ASSESSMENT aND COMMENTS
IV.1 Herois De Caxito
- The sugar mill “Herois da Caxito'" produced during the period 197C to

1974 an averagce of about 27.000 t of sugar per vear. This groduction
dropped down to the lowest level of about 1,000t in 1980. However,
it i{s now improving. In 1982, already 3.400 t of sugar were produced
and in 1983, 6.000 t of sugar are expected to be produced.




2) Summary of the studies
In 1979. SOPEX stated in their study that after 44 days of exami-
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nation, the factory reached the following results:

- The milling capacity reached only 733 TCD instead of the 1600 TCD installed:

- The yield was 7,4 per cent (instead of 8,9 per cent as in former vears);

- The fuel oil consumption was 62,2 kg/TC.

7o rehabilitate the Caxito Sugar Mill, SOPEX recoumended a complete
vaintenance and repair programme for the factory equipment. Aftc> re-
nairs, the factory should be able to process 1.600 TCD. The only
hottle-neck expected in the equipment is the dryer for sugar.

Thev also recommended to install a new water treatment and to im-

prove the boilers and the evaporation unit.

They observed that the main reason for the low sugar production and
low vield was in the lack of skilled workers and the lack of knwoledge
of the staff in sugar production. Therefore, they recommended that
rechnicians should be contracted to assist the production of sugar and
the repairs of the equipment as well as to motivate the workers to in-

crease their performance.

Tate and Lvle stated the following:

From the 3200 ha of the availzble area, 2790 ha are planted with cane.
D.e to several problems for some years, there was no replantation and no
proper care of the property was taken, which resulted in having to replant
and renew the area. In the factorv, the eauipment is able to process 75
TCD, but general maintenance and reapir needs to be done of the following

equipment,

- The steam boiler needs serious repair and the workers need to be trained;

- The evaporators have to be repaired and workers trained to handle the
equipnent properly;

- The crystalization system should be changed using ~hree mass cooking
instead of two mass cooking:

- The process control must be improved to decrease the losses during

the process

- The maintenance system must be improved.




b) Comments and recommendations

In the past two years some work have already been done as recomended
in both studies. At the cane fields some 1400 ha have already teen re-
plarted with cane, the irrigation system in many parts was maintained
and some fields were prepared for mechanical harvesting. The old
transport system by rail was substituted by a modern and nore efficient
road svstem. A programme to motivate the workers was gtarted in order
to increase the results in cane cutting. The cane cutting machines are
gzoing through a complete maintenance programme and due to the availabilicty
of spare parts, it is expected that at least three or four machines will
be in working condition for the present harvest. In the factory there
is also a maintenance programme going on since two vears. A new un-

loading svstems (CAMECO 45°) was also installed.

This rehabilitation programme started two vears ago and already
showed results in the last operational period where 3400  t sugar

were produced in comparison to slightly over 1000 t in 1981.

‘owever, the vield was still verv low (5,9 per cent). The effective
davs of production were less than 50 per cent and the milling reached
only 50 per cent of their designed capacity (37 t per hour). The mair

reason for the low production and low vield are the following:

- quantity of cane;

- quality of cane (low sugar and high fibre content, old cane):

- losgses at the cane millinc, inefficient cane nreparation, regula-
tions of the mills (velocity, condition of rolls "bagaceira” and the
hydraulic svstem, regulation of the inhibition water, logses dne to
leakage):

- losses due to invertation:

- losses due to leakage of pipes and valves,

To avoid these process losses, a strict contrel is necessarv. It
is also necessary to show the workers and explain to them how to handle

ecuinpment (or orocess steps) pruperly and efficiently,




With more efficient process control the yield should improve by
about 10 per cent, the consumption of lime and sulohur should de-
crease by 50 per cent from the actual figure (normal lime consumption
is 1.5 to 2.0 kg/TC).

The cane preparation with two knives seems to he fit for a capa-
city of about 1600 TCD, but the efficiency of the preparation should
be checked. In the future, a complete reconstruction of the cane
preparation, ircluding a desintegrator should be considered. The cane
mill was repaired last vear. New rolls and new knives as well as other
parts were installed. The regulation of the turbines was not checked

because of lack of spare parts.

A better performance of the mill is expected, hwoever, this year
compared to previous yvears. The capacity of the installed euqipmen:
for liming, sulfication and clarification is to handle about 30 TCE.
There is applied heat combined liming and sulfitation, where at first
the juice is limened and then sulfitated. There are some problems
in the resulation of the lime and the sulfur addition quantities
because the control of the pH with paper is not efficient, A pH-meter
should be installed immediately fc guarantee the exact pH-measurement.
The importance of the pH for liming and decantation should also be ex-
plained to the workers to avoid losses through invertation and to have

a good decantation.

To avoid incurstation at the juice heater, cleaning during :ceration

should be carried out., The filter seems to be in a good condition.

There are five evaporation steps (one five-stage evaporator).
Originally, it was an evaporation system with one or two pre-evaporation
and a 3 or 4-stage evaporation unit where the "sangria’ from the pre-

evaporators tvas used to the vacuum pans and the juice heater.

The analyses shows that the concentration of juice was often verv
Tow (about 30°3 instead of 6008), which was probably caused hv bad
handling of the evaporation system. Using the original systen with
"PRE" the capacity of the evaporation would increase to 1500 TCD and the
gsteam balance of the system of preheating-evaporation-crystalization

would improve considerably. The installation of the preheater for iuice




before entering the evaporation would increase the evaporation

capacity even more. A detailed study should be done

on this matter.

In the past operational neriod, there have been some problems
with the vacuum pans because syrup with low concentration was used.
The cocking svstem was also changed several times which confused

the workers, and had no results.

Ir 1983, the original "classic” three-product svstem will be

used and better results are expected.

Tre capacity of the installed centrifuges is big enough to pro-
cess all sugar extracted by the mills. There are some (BROADBENT)
which are in a bad technical condition and consequentlv need to be

replaced.

There are two boilers installed whose capacity is not known, pre-
sumably between 50 and 80 t/hour. 1In the studies the bad condition of
the boilers is menticned as thev are now going through a repair programme

and therefore better performance :zan be expected.

The main problems of the boilers and the steam balance are:

a)the bagasse is too damp, This {s because energy and boiler surface
are used to drv the bagasse instead of burpning them.

For example: 10C kg bagasse
Case 1 50 per cent water 50 kg water to evanorate

5C per cent fibre 50 kg for energy ratio isl : 1
Case 2 60 per cent water

40 per cent fibre ratfon is 1.5 : 1

In case 2, fifty per cent more water has to evaporate per fibhre unit,

b)steam losses due to stop and hreakdowns:

c)higher specific consumption of steam in the turbines due to lower
capacity: ’

4) evaporation - vaccine pan problem (already mentioned):

e)uncontrolled juice dilution by leaking of tubes, filters and other parts:

?) problems in water preheating and condensate.
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Actually 60 kg of fuel 0il/TC is needed for burning in addition
to bagasse. After revising the actual specific energy consumption and
elaborating a new balance, the fuel oil consumpntion should be practically

zero.

Both studies also mention that problems are caused bv lack of
skilled workers and their motivation. Some skilled workers for mainte-
nance nave already beer engaged and are doing the job properlv. A
strong management has also been established for the rehabilitation
programme. Lowever, a sugar chemist and/or technologist are still
missing and so are supervisors in charge of electricity, milling,

sugar house and steam boiler.

According to the management, a Cuba co-oneraticn contract was
signed and .a specialist will arrive during the crushing veriod to

agssist the factory.

Regarding the motivation for the 1983 operation period, a nrogramne
has already been started, it will guarantee the curzly of ferod for the
workers (those who really work) and premiums such «s radiss will also

be given for extraordinarv results.

IV.2 Amizade Unidade Angola Cuba

The factory in Bom Jesus has not been producing sugar for three

years now. The last production was 350 t sugar in 1979/80.

The mill which ~nnsists of one two-roller crusher and four threce-

roller tandem nzeds to be completely reconstructed.

The equipment used on liming and decantation is scarp iron.
Evaporation and vacuum pans could probably be restured locallv.
Centrifuges lack many spare parts aad are of different origin (English
and Freach) and it would be probably cheaper to purchase a aew machine

than to repair {t.

The boiler stat’on would reed overhauling, although it is z={11
in working conditicn. As there is now water treatment, the tubes of

the boiler became dented and many of them are leaking.




The cane fields have not been taken care of for more than three

years and were also not looked after before that. Many other plants

are growing already in the cane fields, complete replantation rmust be
considered. Also the irrigation system (by aspergation) needs to be

looked at as many parts (pipes, pumps and springler) are missing, and
the factories as well, where parts such as motors are also missing.

The electrical distribution should also be renewed.

As it is known, a factorvy not being in operation, also deteriorates
although the remaining staff and workers are doing their hest to keep

it up.

a) Summarv of the studies:

Due to the bad condition of the unit, SOPEX recommended to close

down the unit and Tate and Lyle suggested to use it for alcohol productton.

b) Comments and recommendations

In fact there are 1300 ha for cane plantation which would vield
about 20.00C t to 90.000 t of cane from which 8000 to 9000 t of sugar

can be derived.

To rehatilitate the sugar production, high investments would be
necessary and the factory still would remain inefficient and therefore,
not able to compete with others. It is therefore advisable to consider,
from the economic point of view, that available cane and molasses should

be utilized for alcohol production as reconmended by Tate and Lvle.

Should the demand of sugar increase in the distant future, 50C0 ha
of land about 5 - 10 km up the Kwanza river, can be used for cane nlanta-
tion. The total area of 6300 ha of cane would vield about 48.700 t of
sugar and about 7 mil lit of alcohol (96°CL), if oroduction of “oth can
be simultaneocusly done. All ecuipment purchased from the first stage of
the project (alcohol production), would also be used for the second stage -
of the szuar and alcohol production, The transformation of the existing

mill into a distillerv should be based on the following parameters:
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Production figures
L
cane: 80.000 - 100.000 t »roduce 4.8 million lt. alcohol

molasses: 6.00C - 8.000 t produce 1.6 million_lit. alcohol o
€.4 million 1t. aleohol 9., GL

*
the vield for alcohol is calculated always for the lower quantities

of cane and molasses.

6.4 million 1t alcohol 960 GL correspends to atout 13 million 1t alcohol
55° qaL.

Process figures

- continuous alcohol production 200 davs/vear (days of operation period
should be fixed in accordance with the agronomy project to guarantee
cane of good quality all over the operation period).

- daily production 32.0G0 1t alcohel 26°cL.

- daily raw material corsumption: 400 - 600 TC

30 - 40 t of molasses

- steam production from average 500 TCD (12,5 t steam per hour).

The process should guarantee that bagaése will be the only product
used for steam productior !

- alcohol qualities: the alcohol qualities should meet the requirements
of Buropean standards (French, German, Austrian), as much as vossible
first grade alcohol should be produced.

- liquor; the liquors will te produced by mixing alcohol, water, sugar
and aromatic components together; it is important to guarantee the

supply of the aromatic components.

Equipment
Agriculture: a lot of machinery and equipment exis't which are

out of use due *o lack of spare narts and no maintenance. Recuperatiom
should be tried as much as possible from this equipment before buving

new ones.

Industry: for cane preparation, milling, juice preparation and
steam production, the equipment should be recuperated, so far as
possible. lNew equipment is necessary for fermentation, distillation
and liqour production; equipment for CO2 and yeast recuperation should

be taken into consideration.




It sheculd be noted that the investment estimation from Tate and

Lyle with 7,9 million £ for the industrial part of the proiect seems
to be extremely high (half of the investment is considered for simi-

lar projects in Brazil).

A re-evaluation of the nroposal, respectively the elatoration

of a new detailed project should be considered.

IV.3 Primeiro de Maio

The sugar mill "Primeiro de Maio” is the biggest sugar producer
in Angola. The highest sugar preduction vas 33.0C0 t in 1972,
5250 ha helonz te the plant and actually about 4750 ha are cultivated

with cane. There are no possibilities for extension.

The equipment of the factorv is in fairlv good condition and

under ~ood maintenance.

There is also a distillerv with nominal cavacitv of 12.0C lt
alcohol ner dav, it is nrocessing the molasses from this factorv and
from the "4 de fevereiro” mill., It is the onlv existine distillerv

in the countrv,

a) Surmarv of the studies

SOPEY. stated that the sugar mill is capahle of processing 2.2n0
TCD. They recommended following chanpes, respectively the imnlarntaticn

of new equipment:

- substitution of the knives in the cane preparation v new cnes-:

- reconstruction and modernizationof one mill and eliminatien of
the other;

- installaction of a preheater for the evaporation;

-~ installation of two new bhoilers.

For the distilierv thev proposed to install a new distillarion
unit, because of the bad technical condition of tre old equiprent which
does not produce alconol that meets the standards of European firs:-

grade spirit,

They estimated the costs of reparation investemnt on 12£.3°0,000

Kwanzas and the substitution of obsolete equipment on 294,000 .70" Franzas.




For technical assistance they offer services for 25.0C0.C0C

Kwanzags. The rehabilitation of the destillery is estimated to te
about 45.00C.000 Fwanzas. With the above rmentioned investment, the

factory will be able to process 2.200 TCD.

In the agricultural secticn SOPEX is suggesting a sophisticated
drainage system to recuperate a small area where actually there are
some drainage problems (because there are no rocssibilities to extend

the cultivations).

Tate and Lvle states that with appropriate agricultural methods

397.000 t cane could te nroduced from the existing plantations. This
amount of cane could vield 3%.700 t of sugar. Tate and Lvle is con-

vinced this production figure could be reached within five to six vears,

For the agricultural department they oifer their technical

assistance.

Ac the factorv they recormend the installation of new knives for
the cane preparation, and to consider the use of onlv one of the two
mills. Concerning the clarification and filtration section arnd the
evaporation there are no recommendations., For the crvstalisation it is
recommended to use the 3 mass boiling svstem, instead of the actually

used 2- boiling system.

The steam generation should bte reformed, because the boilers are
already used up. The generation of alectric energv i{s sufficient;

there is one 2.000 kI turbine-generator and 2 x 450 ki hvdroelectric

generators.

The installation of the workshops are considered good, it is only

recommended to train more people in diagnostic and maintainirg technics.

As there are problems to co-ordinate all the activities of an
industrial sugar proudction, it was recormended to nominate people with
experience (expatriates) as factory manager, chief-engineer and sugar

technologist.




b) Comments and reccsmendations

As already stated in the studies there are L750 ha available for
cane plantation. Extention of the area is not possible. The maximal
average vroduction should be estimated on about 350.000 t of cane,
due to the climatic conditions (35.000 t of sugar) and mot 397.000 t
as mentioned by Tate and Lyle.

Even an improved irrigation and drainage system will not yield
100 t cane/ha, because of the soil and the already mentioned climatic

conditions.

During the visit it vas observed that the cane vas flourishing
because of lack of fertilizers in the first growing stages. This
will result in a high content of fibres and s lov content of sugar

this year.

In general the plantations are in good conditions and mechanically
vell maintained. The vhole cane is cut by hand and transported con-—
tinuously to the factory. There is no storage facility for cane in
the factory.

The factory is in & good technical condition. To process the
350.000 t of cane, the equipment should have a cavacity to process
80 to 100 t of cane per hour (considering 2000 t of cane ver day).

The situation of the equipment is the following:

- at the cane preparation station the knives have been changed by
a kind of fixed hammers, that do not cut the cane but smash it.
This means that some parts of the cane are ground into a very
fine mash and some other varts are very inconsistent. These non-
homogenous cane oreparations makes the adjusting of the mills dirti-
cult and because of the resulting bagasse also the regulation of
the boilers. It can be assumed that better results will be obtained
by traditional adjustment.

- one of the tvo mills should be able to process 100 TC Bafter an
apporopriated regulation and adjustment. A profound study on this
subject should be considered.




- in the clarification station, liming and sulfitation tanks

decanter and filter are bhig enough for the 100 TCH capacity.

- the tvo evaporators (i stages each) are also bdbig enough to
process 100 TCH consideration should te given only to install
a rre-evaporator for "sangria” wvhich should heat juice heater

and pans.
- crystalisation: the equipment is big enough.

- steam oroduction: both studies are deeling with the peculiar
steam situation: this year the Tompson boiler (30 t/h) will be
ready for operation and a second new 30 t/h-boiler is already
foreseen. With an improved energy balance (appropriatly adjusted
mills, sangria at the evaporators) the production of 60 t steam
for 100 t processed cane is sufficient. Anyway, one doiler should
be provided in case of emergency.

- electric energy there is installed a 2000 kW - BBC - generator,
and four 4SO kW hydrogenator, which are enough to supply the

factory, the irrigation pumps and the offices with electric energy.

The workshop is well equipped for maintenance work and for the
production of some spare varts. It has been noted that some foreign
vorkers have been contracted and it i{s recommended to request them
to train "on spot” local workers to increase the number of well skilled
workers. Further it is recommended to imvrove the planning of mainte-
nance to keep the duration of repair of breakdowns during the harvest

as lov as possible (i.e. to eliminate breskdowns as far as possible).

There is a very big spare part storage, But it was noted that just
the sparepart which is needed at a certain time {s not available,
wvhile other parts are stored for many years. This system is blocking
(binding) a large amount of money which could be used meanvhile for
other purposes. It is recommended to facilitate the importation of
spare parts (and also other products as chemicals) to enable the factory
to purchase important parts and products wvithin a short time. However,
the equipment is in good-enough vorking condition to oroduce sugar in




regular quality with regular yield. This aim was not reached during
the last operating period (1982/83) when 235.058 TC with 10.9° Pol
vere processed and only 15.417 t of suzar and only 6.012 to of

molasses produced. This corresponds to a yield of 6,56 per cent.

The lovest in the history of the factory.

There are several =xplanations for this low process result:
- several breakdowns in the steam supply:
- breakdowng due to mechanical problems:
~ lacking in process control (as high/low pH).

The breakdown supports chemical destruction of saccharose due
to invertation and fermentation.

Normally the inverted sugar appears in the molasses. As the quanti-
ty of produced molasses was also low it is assumed that the main reason

for the losses are:

- lovw responsibility of the vorkers for the oroduction;

- insufficient knowledge on handling the machinery and the equipment
(or disinterest or low motivation to handle the machinery in an
appropriated vay - just let the things run).

It must be assumed that quantities of sugar just disappeared, to
the channel through leaking valves and pipes, or not appropriately closed
valves, etc. It is practically impossible to "loose" such big ouantities
of sugar (two years ago the yield was still nearly 9 per cent and 197k more
than 9.5 per cent).

It is supposed that with better motivation and stimulation the
results would be better. Anyway the technology applied is traditional
and should be improved (step by step):

- better cane preparation and mill adjustment showll :esult in decrease
sugar losses in bagasse in about 30 to 40 per cent:

- better control of pH value in decantation should decrease losses in
sugar invertation;

- also it should be considered to 4pply a technology vhich is easy to
handle and to understand for the worker.




Therefore, it is recommended only to implant a process vhich is
eagsy to understand and to handle, but aiso to install an efficient
controlling system (organ), say contract an experienced sugar tech-
nologist and shift technicians to implement and control simple bdut
efficient sugar production.

Motivation and stimulation for the vorkers also have to be pro-
vided to convince them that with good results their work will be
gratified.

c) Distillery
The distillery is joined tc the sugar factory and has a capacity
of 12.000 1 alcohol 95°GL per day.

Six tanks are installed to prevare the molasses, two vessels for
pre-fermentation and six for main fermentation. The distillation
unit is of copper and more then twenty years old. Some leaking parts
have already been replaced. There are two centrifuges for molasses

clarification but not one for yeast separation.

The equipment generally is in good working condition. As copver
is "consumed” by the corrosive alcoholic mash, some parts of the dis-
tillation unit have to be replaced with time but not the complete

unit as SOPEX recommended.

There is a steam boiler installed which only serves for the dis-
tillery. The capacity is not known, but it seems to be small, because
during sterilisation of the molasses, the distillation of alcohol must
be interrupted.

Due to these storpagesthe distillery produces only 8000 1 per day.
On the other hand, these interruptions also decrease the yield because
of losses during starting and stopping of the production and also de-
creases the quality of the alcohol. Therefore, it was recommended
during the visit to use for the fermentation molasses which is only
diluted and treated with acid and sulfate.




This recommendation had the effect that the production rapidly in-

creased, some SO per cent to nearly 12.0001. The reason for the

increase is more time for distillation and a better performance of

the fermentation.

The addition of acid and mineral salt to the molasses preparation
also has been changed in the following wvay:

OLD NEW
270 kg H,SO, 150 kg H,SO, (pH control 4.0 - k.5)

150 ke (NH,), SO, 50 kg (NH,), SO,

10 kg Super phosphate

+ 10 kg Super phosphate in each pre-fermentation

The change in the molasses preparation was not only recommended
because of the low production (in comparison to the nominal capacity)
but also because of the low yield. The average consumption is about
7 - 8 kg molasses per liter alcohol, vhile with good process conmtrol
and appropriated fermentation technology about i kg molasses are consumed

per liter alcohol.

It is assumed that great importance is not given to the alcohol vro-

duction because the sugar production has priority.

Anywvay, it should be noted when the units "lU de fevereiro” and
"1° de maio” will run at full capacity, the molasses production will be

adbout 17.C00 t ver year.

Considering the actual yield, this corresponds to about 2.1 million
liters alcohol per yeer (or 10.000 1/day during 210 days continuous
ruaning}, but considering normal average yield of 4 kg/l aleohol it would

correspond to a production of about 4.0 million liters alcohol.

As the yield is very low it also should be considered if there are
not very high "undetermined" losses. A better control is recommended.

Purthermore, it is recommended to change the actual fermentation
system (vithout yeast recirculation) to a system with yeast recirculation.




There is no alcohol technologists in the factory, and therefore,

it is recommended to arrange a fellowship for the actual chief of
the distillery for about 2 or 3 months where he could e trained in
the practice on alcohel production.

IV.k "Cuatro de Pevereiro"

This sugar mill is situated at about 60 km south of Senguela.
The total area available for cane plantation is about 3200 ha. But
there are actually only 2500 ha cultivated (wvhich are even decreasing)

because of lack of water for irrigation.

The sugar production in the years 1970 - 1974 was about 16.000
t per year, in 1979 it wvas 7000 t/year and in 1982 about 5000 t.

As long as water supply is not improved, there is no chance to

increase the sugar production considerably.

a) Summary of the studies
SOPEX in their study dealt with rehabilitation of the plant to pro-
duce 14.000 t of sugar from 150.000 t of cane. To reach this aim

SOPEX recommends to change the cane transportation system (road instead

of train) and to imvrove the irrigation and drainage.

Regarding the factory they stated that the equipment is in good
condition and capable to process 1170 TCD. To reach the production
figure of 14.000 t of sugar, SOPEX recommended to revise the cane
prevaration, the steam production and the electric generator; to recon-
struct the evaporation system and the vacuum pumps because of their

bad performance.

In the process control they recommend better connexion between

laboratory and factory and better control in the water treatment.

Pinally, they offer to increase in a second step vith their tech-
nical assistance the milling capacity to 1500 TCD what corresponds to
8 production of 20.000 t sugar per year.

Tate and Lyle study concluded also that the decrease in wvater supply
for irrigation caused the decrease of sugar production.
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About the factory, their comments are the following:

on chemical control: there are some "inconsistencia” which should

be investigated due to Pol Q, Brix of the cane in connexion to the re-

sult offactory; anyhov the chemical control secms to be good.

- on cane "patio", CAMECO system seems to be efficient and to handle
at minimum 40 TCH;
- on cane preparation: as the milling extraction is 91 per cent, the

preparation seems to bde efficient, maximum capacity is 45 TCH.
- on mills’in fairly good condition:
- on clarification: no comments because no ovperation:

- on evaporation: heating surface sufficient to handle juice from
50 TCE (up to 65° Brix) is under condition that the tubes is cleared vacuum

is sufficient and operation is appropriated.

- crystalisaxion-cenfrifugation: the aprlied system (3 mass) is due
to the good Q all right;

- steam supply and steam distribution: two 18 t/h boilers sufficient
for 45 TCH, but maintenance necessary and spare parts, etc.;

- electric energy generator: it is supposed that the factory needs
about 600 - 800 kW, for houses and lights the demard is 440 kW during
the day and 560 kW during the night.

As the total installation is only 1600 kWH (1CO0 kWH)steam generator
and 600 XWH diesel generator), it is recommended to increase the steam-
generator capacity to 1600 kWH, because an additional installation of
s 5 AP motor could ictually cause a breakdown of the complete

electric energy distribution system,.

- maintenance is corsidered good, but often lacking some specific

spare parts,

b) Comments and recommendations

Both studies agreed that the equirment of the factory has the
capacity to process 1100 - 1200 TCD.




The cane preparation according to the comments of the technical
staff is satisfactory. The mills seems to be in good condition and
easily capable to mill 60 to 7O TCD. As in the last yeawvs, the
results of the bagasse analysis were good (Pol 2.5 - 3.0 per cent,
vater SO per cent) appropriate regulation and handling can be
admitted.

Actually one of the boilers (there are two with capacity of
18 t/h each) is being reconstructed. Because of the lack of bricks
the reconstruction cannot be finished, the other one is in rcpairs.

At least one should be substituted by a new one as soon as possidle.

Equipment for pre-heating, sulfitation, liming and decantation
is sufficient for the 50 TCD capacity. Improvement in operation
could be reached by installing a pH-meter.

The evaporation (b stages) has sufficient heating surface to
process the juice from 1500 TCD. There are vroblems reported with
the vacuum, due to the high temperature of the water, which is used
in the condensation system that is actually installed for the eli-
mination of the condensates from the several stages, due to the not very
"easy to handle" system. The evaporators need after the next harvest
a complete overhaul: the heating system has to be replaced (the
acquisition of a new evaporator should be considered). The pans are
in good condition. 'There is only the problem to maintain the vacuum
of the pans because of the "warm” cooling water for the condensation
system, and probably also to a deficiency on the vacuum pumps

(capacity for SO to 60 t filline, not for 70 t as sometimes lacded).
The centrifuges seem to be in good condition, but & complete
maintenance should be taken into consideration (under supervision of

the maintenance engireer from BROADBENT).
The sugar dryer operates wvithout any problems.

In the studies, mentioned was made of a lov productiom of electric
energy. One SO0 kWh generator has already been ordered. As the factory
vas not operating, comments on the performance of the equipment could

not be given.




-2h -

The overating period 1982/83 was the worst in the history of
the factory. From 105.000 TCD, 5230 t sugar and 4938 t xolasses
vere produced. This represents a yield of only 5 ver cent on oro-

cessed cane.
The bad results have several reasons:

- because of delays with the new cene transport system, there was
no harvest in 1981 and as a result. the cane cut for 1982 vas
from 1981 and more than 24 months old.

vhich is damaging pumps and other equipment «nd increasing the

interruptions and losses due to invertation, infection and direct

losses,

- because of the damaze of one filter, the sludge of one clarifyer was
drzined instead of being filtered.

- there were several other breakdown which reaulted in loss of Pol,
as break in the bagusse transportation, loss of vacuun: in evapora-

tion and in vacuum vans.
- problems with elestricity supply - centrifuges stops, etc.
- and others.

Anywvay the staff is avare of these nroblems and is doing its
best to overcome them,

There is a good equipment workshopo for maintenance and spare parts
production but due to the lack of enough skilied workers and technicians,

aot all the necessary vork can be executed in quality and quartity.

The process control is good but sometimes exists the problem
to prevail the recommendations in the reality of the factory. The
laboratory is well equipped but needs to substitute some equipment

is already worn out (pH-meter, halance).

There exjst good literature on sugar production and also records
on the prodiction of the past years. The chemical centrol is carried
out very carefully. Only some errsrs have been macde on the calculation
of the factory yvield because of different modifications on the method
in the past.
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The vater treatmeat for the feed water of the bdoiler is similar
to the other Tactories working with cationic and anionic ion-exchanger.
Sometimes proolems occur due to the lack of chemicals. The uperators

know now to handle the equipment appropriately.

Recommendat.ion

The main problem of the "k de fevereiro” mill is lack of water.

There is not enough water for appreopriate irrigetion of the fields
an? not even for the factory.

Therefcre, construction of a dike is absolutely necessary to
enable the "h de fevereiro” also in the future to produce sugar. As
the cane plantation is divided by a river vhich is normelly dry during
the harvest, a bridge should be constructed as soon as possidle to

guarantee cane transport also vhen the river is flowing.

For the factory it is recommended to substitute, in the next one
or two years, the alreadyused-up equipment (as mill filter, evaporator)
to elaborate a preventive maintenance programme ard & programme for re-

pair and substitution of eaquipment.

Spareparts should be purchased only according to this programme to
avoid that unnecessary parts (as valves) sre stocked and tc guarantee
that sufficient necessary spare parts are alwvays available. A simpli-
ficction of the actual "high bureaucratic” ourchasing system would help
the factory a lot to maintain a stock of sapre parts and chemicals at

lowver costs.

To improve the actual process it is recommended to plan:

a cane vashing system with vater recirculation:

vater Tecirculation and water cooling for the falling water

energy balance (providing systems to economise steam, e.g. "SANGRIA"): and

material balance and more process control to decrease imermediate
losses and the quantity of molasses.




- 26 -

V. ANREX - Visit to the Yeast Factory in Luanda

The main purpose of the visit was to obtain information about
the actual yeast production and the molasses consumption in the factory
and the future develomment of production and future demand on molasses.

Actual production: 1.100 t yeast/year
*
Molasses consumption: 1.100 t /year

There is a project to expand the production in the next three
years to about 4080 t yeast per year. The molasses consumption will
be about 6000 t.

Remark: 6000 t of molasses correspond to a sugar production of 20.000
to 25.000 t. This quantity Caxito plaus to produce in adout U years and
to send it to the alecohol factory in Bowm Jesus.

Based on the "actual” yield the molasses consumption would be nearly
8000 t for the desired 4080 t of yenst. Therefore, it should be
eaxmined:
- why is the actual production yield so low, and what can be done to
improve it.
-~ vhat molasses quality is desired for the future yeast production.

Rased on a detailed examiration of the molasses situation,
botk projects (alcohol and yeast) should be co-ordinated.

Comments on the yeast factory

The yeast factory is the only one in Angola. Some equipment is
already more than 50 years in use but gives a good impression in general.
The centrifuges are very old but will be replaced even this year.

There are problems in the bread supply in Augola, sometimes due to
lack of vheat flour and sometimes because of lack of yeast. The techni-
cians of the factory mentioned, tbat there are a lot of problems with
electric energy and water supply vhich makes it difficult to incresse
th? actual production. On the other hand, amplification is projected,.

L
This consumption was "theoretical” but it was admitted that normally
some 50 per cent or even more are cor.sumed (last year 2000 t).
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It was also observed that there are some misunderstandings
about the consumption figures (as for instance the quantity of air).
Maybe the visit was too short to clear all questions. The following

are still unansvered:

- vhy is the yield so lov (only losses by lacking separator)

- if there are already problems vwith vater and electricity supply,
vhat measures are provided for the expansion.

- experience shovws that reconstruction takes about 3 years. What
measures are taken to guarantee in the meantime the supply vith
yeast at lesst for the Luanda area (3 t/day at maximm peak).

VI. SUMMARY
Actually Angola is producing 25.000 t sugar. The demand is more
than 100.000 t. The capacity of the mills is to produce 75.000 t sugar.

To rehabilitate the production it is recommended:

a) in the agriculture field:

— reform of the plantations

improvements in the irrigation and drainage system
- implementation of new varieties

~ proper application of herbizides and fertilizers.

b) in the factories:
- maintenance and substitution of some equiremnt
- better and mors efficient process control

implementation of "easy to handle” technologies

elaboration of energy balances and implementation of energy

efficient processes

implementation of practical training programme

All implementations of nev equipment or new processes must be based
on economical concerns. More importance should be given to the utiliza-
tion of the by product molasses; molasses is an important raw material
for the yeast and alcohol industry and the available quantities should

be balanced as source for the two products.
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For the develomment of the sugar production it is recosmended
to keep producing sugar only in three factories, but to increase
produciton considerably in the Caxito-factory. As the demand on
sugar is growing vith the population, it s estimated to be in
ten vears about 140.000 t. To reach this vroducticn already at the
rehabilitation phase, the future develcpment of the sugar industry
should be projected.
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