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SUMRLARY

~—"The expert carried out his assignment basically in line with his
duties as described in the job description, supplemented during the
briefing. During the mission, the expert has made efforts to identify
some of the products and processes for small and medium scale production,
as well as to identify some by=products that could be processed into
semi=products required by small and mediumescale industry in Tanzania.
Based on the visits to fourteemn local factories and organizations, the
findings and recommendations contained in this report, have been

prepared.
As a result of his mission, the expert suggests the following pro=—
jeots be carried out by the Chemical and Food Department of TIRDO.

a) RKear Term Projectss

- Small=Scale Essenﬁigils Manufacturing
« Nor-Edible 0ils Manufacturing

- Recovery of Mineral Salts from Bittern

‘b) Longer Term Projccts:

= Small=Scale Sodium Hydroxide Production

-~ Recovery of Glycerine

= Organic Solvent Recovery

-~ Study on Utilization of Rice Husks for High
Quality Sodium Silicate Manufacturing®

= Study on Local Production of Basic Resins#

The above list together with on~goinmg projects can make a work plan
for Chemical and Food Department of TIRDO. The relations between TIRDO
and local chemical and allied industries ought ‘o be developed based on
the partnership of both sides. In order to achieve this target, local
industries have to be convinced of the value of technical advice, techno-
logics and equipment proposed to them by TIRDO persomnel. Similarly,
TIRDO's research officers themselves ought tc be convinced about the
usefulnecs of their work done for local chemical & allied industries. In
the opinion of the expcrt, the projects listed above have the pocribility
of being entirely and satisfactory solved by TIRDO officers and to result
in implementation and commercialization. The number of projects concucted

* previously proposed easesf2




simultanecusly should be very limited so that prompt and useful outputs
result from the TIRDO efforts. By this "from identification to commerciali-
zation" mcthod, confidence of local industry in work done by TIRDO can be
achieved. Experience gained by TIRDO officers after implementation of

near term projects could be utilized during conduct of longer term; more

sophisticated industry-orierted research projects.

It is suggested that the Chemical Department of TIRDO should be asmisted
by a UNIDO Consultant during performance of the projects mentioned above
either on a return-mission or on permanent tasis,

——




2. INTRODUCTION

The expert arrived in Tanzania on the 18th June 1982 for a one
month mission based on the Job Description DP/URT/78/019/11=51/31.3.3/
Rev. (Annex 1)e The specific targets of the mission weres

= Review existing data on Tanzania chemical imporis and
on local materials and resources for chemical production

or processing}

- Identify those products and processes with greatest
potential for small to medium-scale manufacture;

= Identify exicting industries which could be made more
efficient either by -

8) increasing the utilization of their capacity,
b) diversification of their production programme, or
¢) improvement of quality and productivity;

= Assist in the outline of TIRDO activities and programwes
to fulfill some or all of these research and study objectives.

Additionally, during the briefing in Vienna, Mr. F.J. Soede UNIDO Senior
Industrial Development Officer, stressed the need of prelimimary work
plan preparation designed for the Chemical and Food Technology Department
of TIRDO based upon the in-depth survey of the present and future require=
ments of some local small and mediummscale chemical industries.

The expert was obliged to prepare the final report of the mission
vith the findings and recommendations for the Government on further
actions. It should be stressed that the duration of the mission was
very short given that the period included also the briefing and debriefing
in Vienna, travel to and from duty station and preparation of the reporte

A proposed plan of visits in local factories and organizations was
prepzred by Mr. C.A. Stone, Project Chief Technical Adviser, which was
supplemented and extended during the mission. The expert was accompanied
during the visits by his TIRDO counterparts, Dr. P.K. Haule, Princiz)al
Regearch Officer and Mr. G. Njau, Research Officers A UNIDO report 1

wan reviewed to have insight into recent data on Tanzania chemiocal
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production, import and export, as well as on local natural resources
and materials for chemical production and processing. Also proposed
investment projects in local chemical & allied industries were studied
although the assumed time of their implementation will be surely post-
poned in the light of z;ta‘texm:uts(4 made to the National Assembly on
June 18, 1982 by the Minister of State for Flanning and Economio
Affairs Prof. K.A. Malima. According to this statement more than 200
proposed and onmgoing projects will be shelved or suspended in the
1982/83 financial year because of reduced development expenditure.
The expert also studied reports of other UNIDO mission to TIRDO'’'
for ingight into suggestions about TIRDC's development.

(142,

647




3o FINDINGS
3.1. Ba ound Information

The industrial plan targets in the Union Five Year

. Development Plan 1981/82 - 1985/86 have been accentuated
by Hon. B.P. Mramba, M.P., Minister for Industries in the

Budget Session of the National Assembly for the 1981/82

period, as quoted in Reference 13

a) To increase sfficiency and capacity of
existing industries.

b) To establish a system which would promote
and harmonize the development of small and
big scale industries to make them inter—
dependent.

¢) To prepare the industries to start utilizing
locally available raw materials, imnputs and

gpareése

d) To improve industrial technological imfrastructure
80 as to reduce problems affecting industries,

e) To strengthen and expand productiom capacity for

export market,

Furthermore, in implementing the FiveeYear Plan, first priority
for industry is to be placed, it was noted in the budget speech,
on the following areas considering the capability and require—
ments of the country:
a) Industries that cater for basic needs of the
majority of the population,

b) Industries that sustain agricultural and rural
development,

c¢) Inaustries that cater for corstruction, water
and electricity sectors,

d) Induciries that support transport and commnication,
e) Industries that contribute to foreign exchange

earning.
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is to perform the following functions

Current zand potential projects for the Chemical and Engineering
Departments of TIRDO have becn outiined in a paper prepared by C.A. Stone,

{0 carry out, and promote the carrying out of applied
research designed to facilitate the evaluation,
development and use of local materials in industrial

procesces;

Pulfilling the zbove directive lines, TIRDO in its scope of activity

to provide to the Government, and to firms or organizations
engaged in industrisl production and technical and advisory

services, advice and guidance on technical matters, necessary

for the furtherance of, or relating to, industrial activity;

to advise the Government and firms or organizations engaged

in industrial production, on the adaptation of technology

in industrial productionj

provide to industrial enterprises technical services

connected with the design of prototype industrial plants,

machinery and equipment for manufacture or use in Tanzania.

UNIDO Chief Technical Adviser‘9 They are as followss

Potential industrial projects specified in the above document, are as

followss

Direct Reduction of Tanzanian Irom Ore;
Pyrolysis of Agro~Industrial Wastes;
local Extraction of Dyestuff;

Technical acsistance to the Ubungo Farm Implements,

manufactures.a variety of farm machinery and tools;

Technical assistance to the Arusha Metal Indusiry Ltd

manufacturers brass water valve assemblies and water

taps}

Technical assistance to local factories regards energy

concervation and reduction of furnace 0il consumption}

A |



= Study oa utilization of rice husks, (uhich ie silica containing
waste material) and local sodium carbonate deposits, for

manufacturing of high quality sodium silicate.

- Study on local basic resins production based on local agricul=-
tural by-products i.e. cashewmut shell liquid (oil) and
coffee husks (furfural);

= QOthers: redistillation of industrial solvents, recyocling of
used engine and industrial oils, design of shoe soles froa
sisal or coir fibres with rubber or resin binders, manufacture
of cigarette filters from local fibres, anodizing of aluminium

products and metal corrosion protection.

The task stressed in this paper is to develop TIRDO as an organization with
olose industrial links and a pragmatic view of industrial economic develop-
ment.
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3.2.

VISITS

The main ohjective of visits in factories and organizations was
to enable Mr. M. Nowzk, UNIDO Expert, to obtain insight into chemical
and allied industries activity in Tanzania and to enable him to make
recommendations for the development of the Chemical Department of
TIRDO. The expert and his counterparts visited altogether 14 factories
and organizations in Dar es Salaame ™he factories were selected on
the basis of proposals prepared by Mr. C.,A. Stone, UNIDO Chief
Technical Adviser and C.l, Tarimu, Director General of TIRDO, to
identify smalleand mcdium-scale chemical technologies requiring techno-
logies irprovements, utilization of local raw-materials and by-products
processing, which might be aseisted by TIRDO Chemical Department

personnel,

DAWA YA MBU, i= producing mosquito coils based on the following

raw-materials:

pyrethrum ~ loczlly obtained,
starch = a2t rresent imported under name "Uni-Gel" from

W. Germany in quantity of 100 tonnes/yea.:'.
coconut powder = locally obtzined

colcuring sgent ~ at present imported from U.K.

' Imported starch which is soluble in c¢old water can be
replaced by local cassava flour but the latter needs
to be boiled before being used in the process. According
to ¥Mr. J. Mwekipesile, Gencral Manager, some tests with
local cassava flour vere made izst year with success, but
because of the easier solubility of imported starch the
latter is used. A4As relates to the colouring agent which
is imported from U¥, the General Manager stated tha* some
tests were made last year with lecally produced natural dye
stuff but without successe

Annual capacity of the plant is about 43 million coils/year. The
plant is vorking with full capacity which meets 40% of local demande
It is the intention of the General Manager to increase present pro=
duction more than twice requiring new and more efficient machines. There
is another competitive factory i.e., "East African Flower Industries"”

cees /9




in Moshi, producing also mosquito coils which are scented giving a better
smell when used.

Because of the above product = compstition, the UNIDO Expert was asked
to advise on methods for adding scemt to "Dawa Ya Mdu" mosquito coiles. He
advieed the use of locally grown essential oil bearing raw materials e.g.
lemongrass, orange (peels), cedar (wood saw=dust), eucelyptus (leaves), etc.
Such essential oil bearing plants after soler drying and powdering can be
added to the mixer which combines ingredients at the beginning of the
process. Drying of mosquito coils is done at about 50 to 60°C and would
not cause significant losees cof essential oil., It is expected that,
during mosquito coil burning, distillation of essential oil will take
place relcasing the scente 4s an alternative to this, utilization of
liquid essential oil based on the above local materials and a smallescale
dictillation set (see Annex 2) was suggested. Some tests are required to
" choose the vest local, essential 0il bearing raw material and the form of
essential oil (dried powdered plant material or liquid essential oil) to be
utilised.

BOBBY SOAP FACTORY LTI ie producing lauwiry bar soap at present. The

following raw materials are used:

- animal fat imported from W, Germasny, Hollani and Singapore;
- coconut oil, imported ac well as locally obtainedj
- caustic soda, imported from W. Cermany;
-~ sodium silicate; locally obtainmed (KIOO Ltd.);
- perfumes, imported from Holland (irade name
"citronella perfume”).

= colouring agents imported.

The factory has a soap capacity of 48 tonnes/day (3 ehifts), i.e. about
15,000 tonnes of soap per annum. The factory works at present with 33%
capaoity (1 shift) becauee of lack of imported raw-materials. In spite of
this, there is a plan to restart toilet soap production by December, 1982,
According to the Production Kanager Mr. ¥.F. Virani, imported animal fat
.can be replaced by vegetable o0il, edible or nomn~edible. For examplej castor
oil, cocorut o0il, cashew nut shell oil etc, locally produced. The firm would
be interested in the purchase of such oil rather than ip producing ite The
only condition is a price comparable to that of imported fat, At present,

* ve../10
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according to the Production Manager, the price including tax of loocal
coconut oil is 55,000 TSh/ton while imported animal fat price is only 6,000/=
'J.‘Sh/ton whiich force them to use imported fate.

They spend l.6 million TSh/year for importation of 3,200 Kg/year of
perfumes. The price paid by the firm for perfumes is 500/~ TSh/Kg (tax
included)s According to the Produstion Manager it is quite possible to
replace imported essential oils by locally produced essential oils, for
example: lemongrass oil, orange oil, or mixture of themes The only condition
is that the price ought tc be competitive to the import price sbove. Glycerine
vhich is by=product during soap-production is pot procescsed and apparently is
not properly utilised by local soap factories,

H. STANLEY & SONS LTD., is preducing common salt (sodium chloride} from
sea water by solar evaporation. Present capacity and production is 10,000
“tonnes/year. MKr. EM. Stanley, Managing Director, informed “he expert and
his counterparts of intentions to establish ealt production by the vaouum
evaporation method with 30,000 tonnes/yea.r capacity of high quality sodium
chlorides, Present solar evaporation methods depend upon precipitation of

salts from sea water in the following orders

Cas0, 19° ~ 20° Bet
y

NaCl 25° ~ 29° Ba¢

¥gs0, 30° Be?

KCl above 30° Bet

shere Be' is a measure of solution salt concentration. Precipitated CaSO 1
and solution of IgGC)4 and ¥CL are treated as a by-prodcts (bittern) at

presgent.

The Managing Director exprecsed interest in the production of potassium
chloride and magnesium sulphate from the bittern. The only problem is to
estimate the demand of agriculture and indusiry for these products and the
quality requirements as fertilizers and/or chemical compounds for further
procecsinge According to the Managing Director there are not any technical
problems in undertaking such production. Analysis of sea=waier used by the
firm as well as a sample of the bittern for analysis, was promised by the
Managing Director but not yet submitted to TIRDO.

esesf1l




TANZANIA CHEMICAL INDUSTRIES LTD., is a factory procducing sodium
hydroxide, chlorine and hydrogen by electrolysis of sodium chloride solutiom.
Electrolysie is based on three mercury cells. Capacity of existing plant
is 1 ton NaOH/day ie€s, 350 tonnes Naoﬂ/year. At presgent the factory is
working at 40% capacity because of frequent breaks in the energy supply and
lack of imported spare~paris. Some sparemparts are made by Mr. S. Cretella
himself, who is the Owner & Director of the plant. Funds needed to purchase
materiale for spare parts were estimated as about 6,000 TSh/y. Final
products manufactured from the above semi~products are shown in the

following tables

Table 1e
Final products 1980 Production®*
Chlorine CL2 204 tonnes
Sodium hydroxide N20H 101 tonnes
Sodium hypochlorite NaOCL 595 tonnes
Hydrochlorie az¢id  HCL 28 tonnes

#Production depends on demand and can be changed.

The firm is the only chlorine supplier in Tanzaria., Sodium hypochlo=
rite is used in local textile industry for bleaching of cotton as well as
for disinfeoting the water suprlv in certain regions of Tanzania. Basio
raw material, sodium chloride, is received from H. Stanley & Sons Ltd.
through STAMICO in the quantity of 500 tomnes/year and with quality which
is satisfactory for the factory.

The owner stated that a supply of needed spares would allow him to
increase production up to 80% of existing capacity and a more regular
energy supply would avoid losses which are estimated as 20% of existing
capacitye These conditions would permit the plant to work with full
capacity and satisfy local demend for chlorine, sodium hypochlorite and
hydrochloric acid aa well as to irncrease the quantity of sodium hydroxide
manufactured for the local morkets According to the owner, the plant does
not have technical prubleme shich could be solved by TIRDO.

ceres/12




SLDQLIN PAINTS (T-nzapiz) Lid., has a technical problem with recovery

of used "Thinner Solveut" which is mixture of the following smolvernis:

toiuene 240 parts
isobutanol 50 parts
butyl acetate 90 parts

Thinrer solvent is used in the faotory mainly for washing of equipment,
tanks and returned rai:it comtziners. Annusl consumption of this solvent

in SADOLIN is at preseut 7,500 Kg. with the factory working at 20% capzcity
g0 with full capacity the need will be about 37 tonnes of “Thinner Solvent"
per ycar. Present price of this solvent is 9,0 TSh/Kg, giving a ocost of
67,500 TSh/year at present and a cost of 337,500 TSh/year if the factory
would work with full capacity. All "Thinner Solvent"” components are
imported with difficulty (lack of import licences). Used "Thinmer Solvent”
contains different conzaminanis (paint residuals, mechanical particles, etc)
which do not allow use of the solvent agaimn. According to Kr. Lars Nilsonm,
Production Mansger, a recovery distillation unit could be bought, tested,
adapted and a service offered to him by TIRDO. It was said by theProduction
Manager that a simple distillation set with capacity from 100 Xg/day to

500 Kg/day, (1 shift) with electric heater and water cooling system would
be of interest to him, as well as other "Thinner Solvent" users. Such a
distillation set could be bought (new or second hand) from firms such as
Sussmeyer or Rio Beer of Switzerland, Alternatively, according t¢ the Pro=
duction Manager, manufacture of such a distillation unit ocould be performed
in Tanzanis, but detailed workshop design and part of comstruction maierials
would have to be supplied, through foreign channels. He would be ready %o
pay for leaging of the above set or to pay & fee in some agreed form.

BANCO PRODUCTS (Tanzania} Ltd., is producing paints based on alkyd resin
vhich are imported at rresenmt. Because of diffioculties with import licences,
the firm has bought plent equipment for manufacturing alkyd resins locally
with capacity of 1000 tonnes per annum. Vegetable oil which is the basic’
raw-material for &lkyd resin production and is 60% of the total value of
raw-materials needed, will be produced from local seeds and plants in the
factory. To cover nceds for alkyd resin production, about 300 tonnes of
vegetable oils per amnum have to be menufacturedes The remmining raw-material
input for alkyd resin production (i.e. 40% of total valus of raw materials
needed) will comtinue to be imported. According to Mr. Rajan Bhatt,
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Project Manzger, most edible or non~edible oil bearing plant material or
by-products can be used for the production of 0il for reein manufacture
which is of interest to TIRDO. According to informatiom given by the
Projcct Manager, screw-press and vacuum=filter have been bought and will
be installed in 3 monthe time to process only coconut oil. By Cctober,
1982 production of this local o0il four alkyd resins production cught to
start. It would be possible to sell a certain portion of ihe produced oil

to local eocap manufacturers,

At present the factory is working 28 a whole with 10% capacity
because of lack of imported rawmaterials (no-import licences)e Other

products manufactured by the firm ares

polyurethane foam,

artificial glue,

fibre glass reinforcing plastiocs,

expanded polystyrene,

car body surface filler.
The Project Yanager seiressed the need of TIRDO assistance also in improve=
ments of technological processes in the factory tc reduce presen’ losses
which amcunt to 10% of total productiion value, He also said tha: they were
no. interested in using furfural if locally produced, instead of imported
aldehydes for the above resin production. No specific reason was givene

K.0.C. LTD., produses cosmetics with the following production programmss
=~ brillantines,
-~ cosmetic enow,
= talcum powder,
= castor hair oil
= perfumes,
« hand & body lotions
Raw materiale used, are as follows: petroleum jelly, paraffin oil, steario
acid, colours, perfumes (all imporited) and spirit, pecking materials, botties
(locally produced). The quantity of perfumes imported is 1500 Kg/year with
a cost of 750,000 TSh when the factory works at full capacity. The
factory is not working at present because of lack of imported raw-materials.

According 1o Mr. A.C., Choksi, Factory Manager, the factory could use
locally produced essential oils but only after their examination by KOC
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headquarters laboretory in Nairobi. The fuality of such essential oils
have to be saticfactory and provided in the form of a composition of
ecsential oils egual to the standard espence used by the {irm, According
to Kr. B.J. Patel, Sales Kanager, supply of local ecsential oils would
allow them to produce perfumee since all materiale would then be locally
obtainable. OGlycerin which is also imported by the firm in the cuantity
of 3000 Kg/yeax can be produced locally. At present glycerin which is

a by-product during soap rroductiom; is thrown away by local soap factories
according to Mr, Patel.

LEYLAND PAINTS S‘i‘anzaniaz LTD., is producing water poluble paints.

In June of this year the factory started rroduction of "Thinner Solvent"
for sale, All raw materials are impcrted at present and because of lack
of import licences the factory is working with 20% capacity. According

to ¥r. Bashir Tejani, General Kanager, the problem of "Thinner Solvent"
recovery is touching users of his solvents i.e., workshops, dry=clcaners,
etc, but is nol of direct interest to kim at present. However, use;-a of
"Thinner Solvent™ ought to be interested in recovery therefore some distillam
tion set is highly recommended by him. The only local raw-material which
could replace an imported one is caleciur carbonate used as a white filler
for psint production in the factory. Caloium carbomate with quality
adequate for Leyland Painis Lid. is produced at present by firm ALFI in
Arushz, but in too emsll a quantity to meet the need of Leyland Paints Lide
A possible solution is to increase local production of Caco3 at ALFI

perhaps with the asrigtance of TIRDO.

TROPICAL POODS LTD. is a producer of fruit juices and relaited productse
Talks were held with Mrs K.D. Tripathi, General Manager, on the posaibility
of using of orange and other citrus peels or regiduals, by~products in the
factory, for local essential oil end nom=edible 03l production from seeds.
The factory can process from 5 to 7 tonnes of orangee per day during &
season {4 months a year)s In fact the factory procesg about 500 tomnes
oranges per anmum. Oranges are processed as followss washed fruit are cut
into four picoes and next peeled marmally; peels are thrown away juice is
squeezed from the fruit and the residusls from equeezing with contained seede
are separately thrown away. The General Manager showed interest in the
processing of orange peelg intc essential oil and in proceseing of orange
seeds intc nomeedible ¢il, if appropriate technology & equipment are precente
to him by TIRDO. Be was interesied in such nroduction in the factory rather

than allew another company to use the factory's by=products.
se O‘./15
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TANGOLD FRODUCTS CO. LTD. it a subsidiary company to the NHational
Nilling Corporation. The firm is the biggest oranze juice producer in
Tanzania. Talks were held with Xre A. Luumba, General Manager, on the same
subject as with Tropical Food Ltde Installed cepacity of orange processing
is about 35 tomnnes/day. In fact, opcrating only during the zeason (3 months
a year) the factory processes about 500 tonnes/year of oranges. Orange
proceceing is fully automatic with crushed peels and pulp traneported
topether to a holding tank. It has been identified that essential oils
could be recovered at this factory by two methodst

-~ frow the peels and pulp by distillation method (the factory
could use residusl lowepressure technological steam, which
is vented at present, for heating of the distiller).

- from orange juice which contains a relatively high percentage
of orange ocil by centrifugal method or by pressure=separation.

The General Manager expressed hie interest in orange essential oil recovery
znd ir the assistance of TIRDO in this projecte

BERGER PAINTS (Tanzania) Ltde where talks were held with Mr.
D.,W, Wright, Cenersl Maznager, the factory produces common and indusirial
paints, based on almoet all imported raw-materialse The only rawsmaterial
bought locally ie kaolin supplied to the factory by STAMICO. Local chalk
could also be used if of high quality. Samples of chalk from deposite
near Dodoma contain some impurities which prevent the factory from using

this chalk. Some research work would be reguired on purification methods
for local chalke Coconut and sunflower oils could be used by the factory
for alkyd resin production, but at preeent there is no possibility to get
local oils according to the General Manager. The factory is working at

60 to BO% capacity because of lack of imported rawmaterial (no import
licences). The factory does not huve any problem with used "Thinner Solvent"
which is returned to the paint manufacturing process. According to the
General Mannger, the factory does not have any other technical problems

to be solved by TIRDO.

NDUSTRIAL STUDIES ONSULTING ORGANIZ o Talks were
held with ¥r, Kanohar Singh, Senior Consulting Chemical Engineer. According
to him, sodium hydroxide is planned for production in Tanzania in two wayss
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~ Electrolysis of sodium chloride; an electrolysis plant

with capacity of 8 torres/day of NaOH and CL2 is under
construction as = part of a new pulp and paper plant.
All scdium hydroxide and chlorine produced will be
utilised only by the rulp and paper factorys

~ Chemical processing of natura..l soda ash from Lske Naztron
into coustic soda; this project requires establishment of
local infrastructure which is lacking as well as investe
ment in plart facilities., According to the Senior Consuita.nt,
8 3~year mcretorium on mew investment projects, recently
announced by the Tanzanian Government, becazuse of the
country's economic difficulties. The above moratorium

includecs the Lake Natron caustic sode project.

A Per ae essentisl oils are concermed, ihere is no production on the
Tanzaniz mainland at rresent. Clove 0il is produced in Zanzibar in nominal
quantitys TISCO is preparing some pre¢ feasibility study on utilization of
™angenyika Extract Co.," Arusha, equipment, for essential oils production.
The plent it working wiih greatly underutilized capacity because of lack of
enough quantities of pyrethrum plant materials, there. TISCO assumes the
possibility of essential 0il production there based mainly on lemongrass,
cinammon leaves & barks, and other plants growing supposedly in quantity
around Arusha. The Senior Consultant stressed his interest in collabora=~
tion with TIRDO on this probleme

STATE KINING CORPORATION. Talks were held with ¥r. H.K. Kihwelo,
Chief Chemical Engine:r, on the possibility of using of natural sode deposit
for local procduction of caustic sodae

The country’c mair sods ash deposit is Natron Soda Lake which is far
from exicting infras‘ructure, Composition of soda crush from this deposit

is ag followss

NadCO .Raz 3.232 - 62.08%

Na,CO 3.520 - 28.08%
NalL - 0.51%
Na,S0 4 - 3,05%
NeP - 1.13%
mud - 5.10%
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Another nmatural soda ash deposit has been recently discovered in
Hanang District whichk is closer to existing infrastructure than Lake Natron.
The chemical composition of natursal soda crush from Hanang District was
not known to Mr, He M. Kihwelo,

Technology of crude soda cruch processing is as follows:

Crude‘_‘aodn
CRUSHING
nmd, P — WASEIRG e WOtET
water ]
or io )
matef::ls, e | CALCINATION fg——— 8ir, oil
002, H20
SCRIENING
Soda Ash

At present plans are under development for a plant with capacity of
25,000 tonnes of soda ash per year to meet only local demand. The largest
pert of soda ssh obtained, would be procesesed into caustic soda, based on
the following chemical reactions

N52003+ ca(ou)2 . c:,co3 + KNaOH

(Celcium hydroxide is produced locally mainly for building industry.)
Demend for sodium hydroxide in 1980 was estimated as 15,000 tonnese Prices
of imported soda ash and caustic soda are at presentt

eeess/18




N32003 - 3,500 TSh/tonne
NaOH - 4,500 TS/ tonne

According to Mr. H.K. Kihwelo the invesiment ccet for the processing
of natural soda crush with the above capacity would zmount to 4.0 millionm
TShe in foreign excharnce,. (Investment cost of processing of soda ash into
ceustic soda would be zbout 36.0 million TSh for 15,000 tonnes NalH per

annum capacity§(1c

Alternatively smalleccale production of caustic soda can be considered
to reduce investment {unds needed. There are pome firms and individuals
interested in emaliescale, local production of cauetic sodas At present
there is small production of soda ash from nmatural soda in Monduli town
near Arushe, Ex-worke price of soda ash manufactured there is about

800 TSh/tonne.

I¥STITITE OF FRODUCTICK INIOVATION. Talks were held with Mr. Chungu,

Regearch Officer, on exallescale soap production project led by IPl. The

project is in an early stage with laboratory scale scap production based on
local edible coconut oil ond caustic soda made from Katron Lake soda crush
and locally ~~oduced calcium oxide {lime). The jroject is not aimed at
solution of the rawemaierials problem which is facing local soap manufactu-—

rers, but rather to show the possibility of local small~scale scap production.




3.3. COKCLUSICES OF THE FPACTCRY AND ORGANIZATION VISITS

a) All of the factories visited suffered from lack of
importied raw-materials and spare paris, teczuse of
unavailability of import licences iesued by Bank of
Tanzaniss AB a consequence, ithe installed capacity
of the majority of (9cases) factories vicited
i utilized in range from O to 80 percent. Only two
factories namely Daws Ya Mbu and H. Stanley & Soms

Ltd. are= working close to full capsoily al precent.

b) Pactorics with underutilized capucities because of lack
of imported raw materiale and spares ere using two

differcrt vhilosophies i.est

- {0 wzit for import licences from Bank of Tanzanis

(6 caces)e

~ 1o try help groduction by utilizztion of loczl raw-
materiels or by recovery and reuse of used imperted

raw-materials (3 cases)a

In one coze (Daws Ya Kbu) the firm, forced t» use local starch (cessav
flour) because of luck of imported siarch, had dore so with good effec
When the factory received an impori licence, they stopped using local

starch and emrloyed imports onoe again.

¢} Prices of scr locally manufactured raw-materials and semi~
products are unrealistic. For example the price of locally
produced coconut 0il is 55,000 TSh/ton while the price of
imported enimel fat is 6,000 TSh/tonne (in foreign exchange).
Thie is one of the baeic reasons for the shortage of soap in
Tanzania now, Establishment of proper prices of local vegetable
0ils ousht t¢ increare utilization of installed capecity in
local soap factories anmd further ithe development of the iocal

oil industry.

d) TIFDO assistance which is sought by factorics visited can be
divided intou two groupsi
- 10 identify local rawematerials and/or appropriate
tcohnology for local manufacturing of some gemiw

products which could replace imported ones (6 cuses)g

cess/20




- to0 improve existing technologies in local factories

to reduce iosses of imported raw-materials and

mamifactured products. (1 case).

e) Lack of coordination between factories and knowledge about
possibilities for processing of byw=products. At present one
factory throws away by=products which can be processed into
raw=raterials or semi=-products lacking in another factory
having underutilized capacity because of shortage of rawe

materials, imported at present.




RECOMMENCAT] ORS

Relations between TIEDO and loczl chemicel and allied industiries
are in their early steges Thesze relations cught to be established and
developed based on pertnership ¢f both sides. In order to achieve
this target, local chemicel and allied ipdustries have tc be comvinced
of the value of technical advioe, techrolozies und equipment proposed
by TIRDO. In addition, TIFDO's reseesrch officers themselves ought to
be convinced about the usefulnecs of their work for local industry.

At present TIRDO does rot have any labtocratory, workshop or pilot
plant faocilities and Tanzanian research officers in the Chemical apd
Pood Technology and Engimeering Departments of TIRDO have very little
irdustrial experience. Thus subjects for research projects ought to be
chosen very cerefully and with realisms The expert believes that
relatively simple, but industry-oriented research projects have the
possibility of being entirely and satisfactory solved by TIRDG officers
and to result in implementation and commercializations By this, “from
identification to commercialization™ method, coenfidence of locel industry
in work done by TIRDO can be achieved and experience gained by TIRDO's
officers could be utilized during implementztion of the more difficult
industry oricnted recearch projects suggested for implement«tion in a
few years. This "step~bymstep” method secms t¢ be more appropriate for
TIRDO's Chemical Departmont than too ambitious research projects without
& chance for implementzation in the near future nor even & chance to de
fully tested in lab or pilot plant scale,

4.1 Based on the above acsumptions, the following -small and
medium scele industry=oriented research irojects are
recommended for the TIRDO Chemical Depariment, in the
near term (0O=3 years):

8) SMALL-SCALE ESSENTIAL CILS MANUFACTURING

Rawematerials needed for such production ares

~ locally cbtainable escential oils bearing plants
such as lemongrass, vetivergratg, cinnamon roots,
bark, leaves, cardamor meeds, cajeput leaves,
eucalyptus leaves and flowers, copalba tree reeins,

etce
..../2.2




- egsential 0il bearing dy=products like orarge

peelg, lemcn pcels, lime peels, and other residuals

from loczl citrus and fruit processing inductry.

A small=sczle technology and distillation set design is atisched
to0 this report in Amnex 2, This distillation set wzs tested and

(11 Because of its

implemented in 1979 by the expert in Ghana.
simplicityefabricatior can be performed in a mechznical workshop
in Tanzania with construction materials obteinable locally. The

estimated total investment cost for a single distillation set for

ecsential o0il production is 5,000/« TSh.

There is at present a market for essertial oils in the ccuntry.
The main users are goap m:mufacturere, cosmetic firms and mayhe
bakeries. FEssential oils produced locelly by the distiliation methe
could scrve this market., Cosmetice producers would be interecied
in only compositions of few essential oils whick could be ackieved
in the near term. In order to properly perform and implement the
project, the following work ought to be domes
- essential oils local market review,
- ecsential oils loczl natural resources and by
products eurvey,
=~ build a distillation set for smellescale essential
0il production with the poscibility of using direct

steam, water and steam or water distillationsy

~ to0 tcst pelected plant raw-materials and by-producte,

= to test samples of produoced esazential oils in lcoal
soap factories and bakeries,

~ to prepare appropriate technologies adjusted to oone
ditions and nature of rawsmaterials and bywproducts

obtained,

= to prepere detailed design where required,

= to perform techno=economic evaluation of local escentinl
oils production for each particular cacey

~ implementation and commercislization of technclogy and
eguipment for small=gcale egsentisl oile mapufaoturing}
potential munufaciurers of essential oils e.g.
TANGOLD PRCDUCTS CO. LTD, Dar es Salcam, TROPICAL POODS
LTD, Dar es Saleam with potential buyers of esaential oils
guch ar BOBEY 30AP FACTORY LTD, Dar es Salaam, K.G.C. Ltd,

Dar ¢z Salaam.
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b) NON-IDIBLE OILS MAHURACTURING

o)

Raw materials which could be used for such production are:
= Castor seceds

= Cashew nut shells

-~ Cotton seeds

= Citrus fruit seeds

e« Tea soeds

- Tobacco seeds

Appropriate technology with proper capacity for extraction of
non=edible 0ils ought to be selected by TIRDO based for example on
technologies tested and implemented in other developing countries.
UNIDO experience and advice would be very helpful. The above techno~
logy ought to include processing of nommedible 0ils bearing local
plants and by-products as well as pu.rification of raw non=edible oils.

Proccduwres to be followed would be similar to those of Small~
Scale Ersential 0il Maznufacturing Project above,

Non—edible 0il is the raw-material sought by local soep marufacte
urers z=nd painte producers to allow them utilize installed capacity
and replace imported oils and fats. Potential users of nomeedible
vegetable o0ils include BOBBY SOAP FACTORY LTD, Dar es Salzam &and
BANCO PRODUCTS LTD. Dar es Salwzam, BANCO planms to manufacture some
non=c¢dible oilse

RECOVERY OF MINFRAL SALTS FROM BITTERN

The composition of sea water, in terms of its major mineral

constituente, im, on average, as followss

Sodium Chloride - 2.806%
Potassium Chloride - 0.080%
Magnesium Chloride - 04344%
Magncsium Sulphate - 0e224%
Calciym Sulphate - Ce13TH
Bromine - 0,00T%

The bittern which is discharpged from common salt crystallizing
pans provides a valuable source of the more soluble constituents of
sea water. The bittery in practice mcasure an average about 1000
litres per 1 ton of common solar salt harvested. The approximate
amounts of salts contained in this quantity of btittern cres

.0.'/%
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magnerium sulphate 60Kg
mzgnoeium chloride 100Kg
potascium chloride CKg
sodium chloride 160Kg
bromine XKg

Based on the above figuree and results of talks with H. Stanley &
Sons, the company could produces
ma;mesium suiphate about 600 tonnes/year
magrerium chloride cbout 1000 tonnes/year
potacsium chloride about 200 tonnes/year
Magnesive salte could be used in local industry as binding materiale for
refractory compouncs producticn etc. Potzssium chloridz could be used

in local azriculture as fertilizer on come crops (excepi tobacco).

4 study cught to be prepared on the guantity and quality require-
ments for poiassium and megnesium salie by local agriculture and industry,
This study weuid allow E. Stanley & Sons Ltd to 4zke further steps toward
the processing of bitiern, now a by=product at their plant. To perform

this project, the following work ought to be dones

- potassivre and magnesium salts local & external market

demand review;

quality reguirements;

——

- analysis of sea water ueed by H. Stanley & Sons ltd
J a5 well as analysis of bittern from their pordsy

estimation of potential production of potassium and

magmesium £alts by He Stanley & Sons Ltd.
(9

Other near term projecis have already been mentioned and are ag

follows:

d) DIRECT FFDUCTICH OF TANZANIA IRON ORE.
e} PYROLYSIS OF AGRO=INDUSTRIAL WASTES.
£} LOCAL EXTRACTION OF DYE STUFPe

4.2, 1In the longer term {3=5 yeare) other more advanced projects could
be performed by TIEDO. However, laberatory and pilot plant
facilities are required first., The experience gained during pers
formance of the projecte mentioned above, wculd be the obasie for

future performance. These longer term projects could be as followss

cees/25
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e’

SCDIUM HYPRORILE SMALL=SCALE PRCBUCTION

»

bused on information received from STAMISC and TISCO,
the experti suggestes smallescale NaOH production by chemical
procesning. Thie could help the local scap manufaciurers
to increase utilization of ihe insteiled capacitye. The
technolcgy ie ~nown and is based on reaction of dissolved
scde ash with milk of lime. The principal reactions of thie

process are at followss

I-’:.ZCO + Cal + H20 ————— 2NalH + CaCl

3 3

diceolved precipitate

CeC0, + Heat ————-—» Cal + 002

3
ctone dry lime gas

Caustic soda it in 10~12% soluiion and is concentrated by maltipie
effect evaporztion to S0% or 70% gredes. The dry product can be
made by direct hcating methods and in such form could be sold to

local soap menufcturers.

The precipitated CalC, is usually high suality and can for

3
example be used as paint filler by Berger Paints (T) Ltd., or
Leyland Paint (T) Ltd, In this case c:aco3 ie not reburnt and lime=
stone or lime neede to be supoiied for the caustic soda production.
Raw-materizls needed for causiic soda manufacturing are:
-~ local natural soda zsh from Lake Natrem or

other deposits,
- dry lime produced locally.

Lypproprizte choice of processes and operztions, equipment design
and pilot~plent mamufacturing are the baeic objectives of ithe

project.

b) RECOVI®Y OF CLYCFRINE

The spent lye from goap production conteine glycerine
(glycerol), water, szlt and exceee caustic soda. The spent lye
resulting from current soap=making procecses gencrally contain 8
to 15% glycerol. The chemicels most commonly used to remove

cecsef26

|
|




- 26 -

impuritzes from svent lye are hydrochloric acid, caustic foda,
ferric chloride or sulphate, and alum. The hydrockloric acid
and caustic soda are uced as precipitants and neutralizers, and
the cthers serve as coagulants and precipitants. The treatment
of spent lye consists of a series of cpcrations designed to
remove impurities amd to get dilute glycercl liquor which in
next turn i concentrated to crude glycerol by evaporztion. 4
combination of vocuum and steam distillation is usuelly used in
which the vapours are passed from the still through a series of

condensers. Pure glycerol is condensed at high temperature.

Raw-m=terials needed for glycerine (glycerol) manufacturing:
- sgpent lye received from local sosp manufacturers

as well as scme of the chemicals mentioned above.
Glycerine could be used byt
- Local cosmetics producers (e.ge KeOoCo Ltd.) for

creame & lotions

~ Local toothpaste producers (e.g. ALFI, Arusha)

- Loczl pharmaceuticals producers.

Appropriate choice of processes and operations, equipment
design and pilote~plant mamufacturing are the basic objectives of
the project.

QRCANIC SOLVEKTS RECCVER

The recovery of "Thinner Solvent™ hes been identified as

c)

a concern only for Sadolirn Tanzania Ltd. i.e., one of the four

paint producers in the country (see 3.2.). According to their

reportglz a cmell, semi=automatic distillation unit is necescary .
for the firme. The equipment can totelly give a 70 to %% recovery

efficiency. The following distillation unit was recommended for

the firrt
Producers RI0 BLEK, Niedernif, Switverland,
Pype ' HBE~50 {
Capacitys 50 litres/h (about 60.000 1/y) ' ‘
Price 24.300 SFr. (1978) !

Purchase of this equipment by the firm would solve their problem
and does not nced TIRDO assistance.
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The problem of solvent recovery could be cerried out by
TIRDO based on 2 simple, universal distillation equipment
designed for recovery of differemt sclvents and orgznic chemicals
used loczlly.

Detailed identifioation of the kinds and quanfities of
organic solvents reguiring reccvery ought io be done first.
These data would be the basie for design and performance speci-
fications of pilot-plant distillation equipment and its use.
Asesistance of 2 UNIDO Consultant would be helpful.

Other leonger term projects shich should be comsidered are:

d) STUDY ON UTILIZATION OF RICE HUSKS FOR EICH QUALITY SODIUM
ILJCATE LCTUR

e) STUDY ON LOCzL BASIC RESINS FRODUCTION

4.3 The basic conditions which should be fulfilled before satisfactory
performance of the longer term rrojects is possible, are:
- well equipped laboratory and workshope with all nccessary
utilities,
-~ techno-economic capability witk at least one experienced
industrial cconomist who could support the zbove projects
with cost/benefit analyres which are nccessary to obtain

indusirial cli ents,

- sghort and medium=term training courses of TIRDO personnel in -
chemical faciories in developed countries. Emphasis should
be given to distillation, extraction, filtration and other

basic chemical operations,

4.4+ The Chemical Department of TIRDO could be assisted by a Consultant
during perfsrmance of the projects mentioned in items 4.1 and 4.2

either on return-mission basis or on a permanent basic.
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UNITED NAT!ONS INDUSTRIAL DEVELOPMENT ORGANIZATION
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JOB DESCRIPTION

DP/URT/78/019/11-51 31.3.JRev
Post title Expert in Chemical Industries Improvement
Duration One month
Date required A ‘ As soon a&s possible
Duty station Dar es Salaam with possibility of travel within

the country

Purpose of project To assist the Tanzania Industriel Research and
' Development Organization (TIRDO)

Duties . The expert will work in co-operation with the TIRDO
Principal Research Officer, Chemistry/Analysis and
under the leadership of the Director General and
the UNIDO Senior Technical Adviser, and will , .
specifically be expected to: M _ j
1, Review existing data on Tanzanian chemical B §
' imports and on local materials and resqurces ‘

for chemical productior or processing;

2. Identify those products and processes with
greatest potentiel for small to medium scale
manufacture;

3. Jdentify existing industries which could be
mede more efficient either by - ‘

8) increasing the utilization of .. :
their ceapacity, ' : ‘ : Vi

b) diversification of their production
programme, Or

c) improvement of quality and prqﬂuct1v1ty,

L, Assist in the outline of TIRDO sactivities and
prograzmes to fulfill some or all of these
research and study objectives. ceeels

U
:

Applications and communications regarding this Job Description should be sent to:

S —

Project Persannel Recruitment Scection, Industrial Operatens Division




. University degree in chemicsl, engineering or
chemistry with extensive®experience in industrial
Qualifications chenistry and chemical production. Knowledge of
small scale processes and developing country
- ecopomics highly desirable. :
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English
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DO, vhieh was created in Arril 1979, will have the
lowing Tuncticns:

b)

c)

a)

e)

1)

g)

h)

J)

+to carry out zand dromot
recearch desizned 1o fz
end use of lccal materi

e the carrying out of eapplied
c1litate the evaluation, develornment
als in industiriazl vrocesses:

to carry cut reszerch In variocus aspects of local end
foreizn industrial tecnnigues and technologies and evaluate

their suitatilitiy Tor a22aptation ané elternative use in
loczl industrial zroduciion; . -

to prooote or vrovide facilities for the trzining of local
versonnel for carrring out scientific and industrial research;

to monitor and co-ordinzie av»ovlied reseazrch carried out
within the country or elecewvhere on behalf of or for the
benefit of the Goverament and to evaluate the firdings of
that 1esearch; ' .

to establish a2 system Tor the registretion of'te=e findinrs of
epplied resezrch carried out within the country and fo
vromote the practical application of those findings in
industrial production;

gi
hi

to establish and orerate 2 sw¥stez of docurzentation and
dissenipation of informztion cn any aspect of epplied
research carried out by or on behalf of the Organisation;

to provide the Goverrment and firms or organisetions engaged
in indusirial rroduction, technical and advisory services,
with advice and guidance on technical matters necessary for
furthering industrial ectivitly; )

to advise the Goverrment and firms or organisations engaged
n industrial produciion on the adaptation of technology
n industrial production;

to provide .he Goverament 2nd firms or orgznisations eagaged
in industrial production vi'h advice and eassistance related
to the provision of technic .1 facilities in irdustrial
enterprises and the estaplishment of systems for the control
and regulation of industrial processes in order to improve
the performance ard to avert or minimise the sources of
industrial pollution;

to do whetever may be necessery to uphold and support the
credit of the orgerisation, 1o obtain and Justify publie

conf{ ‘ence, to avert or minimise any loss to the Organisation
and o fecilitate the . oper and efficient performance of

its functions.




N

In rarticuler, the Organisation mey carry out the following:

a) undertz.e, either alone or in association with eny verson
or body of versor within or outside the country, the
esteblistnent, ecuirment erd manzcement, on & zonzl or
sectoral besis, of & centre or centres within the country
for the verformance of any of ils functions;

b) cerry out and vromote the carryirg out of avplied research
end investizgziion into the causes of and the ways of
vreventing industrizl pollutions

pes
~

c¢) in co-overaticn wiilh the Government or any person or bedy
of versons, evaluzte eand if necessary =zdapt, foreizn
technologiczl processes for use in the country;

d) provide industrizl enterprises with techniczl services
corinected with the design of vrototype industrial plants,
machinery and equicment for menufacture or use in the country;

e) provide indusirial enterorises with technicel services i
connected with the repzir and maintenance of industrial plants,:

machinery and eguiraent, i

In order thet it may carry out its functions better, the Orgamisation !
will establish and maintzin 2 systea of ccnsuliztion and co-operation |
wvith any person.or body of versons estzblishei by or under any
wvritten law and having functions related to those slreedy specified
or which relate to technologicel research or to industriel
development generally.

TIRDO's facilities and s>aff housing will be located at & LO ha
site; construction work hes been started snd it is expected that }
211 buildings will de finalised by the end of 1982.

During the first phase of UNDP/UNIDO assistance, tkis oroject

vill provide six experts (Research and Develorment Manasement,
Engineering, Analysis and Testing, Flectronics Instruments,

Repair and zintenance, Informatio:r Retrieval anzd Information
Extension) and eight fellowships fcr trzining of TIRDO staff abroad.




Technology and Distillation Set Design
for the Spall=Scale Manufacturing of
Eesential Oils
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lracticel technological and orerating problens connected

with essential oils production are as followsi

1. PREPARATICN OF RAVW MATERIALS

1.1 FLiHNT DRIYIRG

Essential 0ils are rroduced from fresh or dried arcuatic
plants, Tlant drying before distillat_on, bring advantage liie
possibility of essential o0il manufacturing through all year,
inderendently from harvesting period. Gther advantages are:
more efficicnt utilization of production capagity, less
consuaption of heat, higher yield and essentiel oil quality.
Though plant drying is generally recommended, utilization of
either fresh or dried plants derends on the kind of raw
naterials and a manufactursr possibilities.

N

1.2. STORAGE OF PLAIIT MATERIAL

If the mlant material is to be stored before the distillati:
it shiould be done in its mnaturzl conditions. The plant

material ought to be stored in the uncomminuted fora.

1.3. COMMINUTIGN OF PLANT MATERIAL

The disintegration process always reduces the thiclness
of nmaterial, greatly increasing thz rate or speed of vapori-
zation and distillation of the essential oils. This in turn
shortens the production cycle, and increases the yiecld of
essentizl oils. Cormminution of plant naterial is therafore
iaportant ih the technological process.

It is evident that cnce the plant material has been crushed

or reduced in size, it must be distilled immediately.

2. DISTILLATIOH

There are three types of distjillation in the essential

oils p:nufacturing,—ises-

- water distillaticng

= 3
- +water and stears distillation,

- direct steam distillation.

2.1, COMPARISOI! OF THE THREE DISTILLATION METHODS

For small-scnle installations, corticudarly in portable

unit, water distillation or water and steam distillation

offers the sdvantsze of simplicity of equirpment,

o
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“he lztter nethod is rapidly superoeding water distillation
{except in a few special cases) bzcaus:> ¢f the better
nuality and yi2ld of oil, and higher rate of vaporization
i.e. f.ster distillzation. TFor larger and fixed instzlla-

-
t.ons, stean distillation unguestionably is tiost advantagzzouvs.

e e e e

e - .
It is hovever inpracticable for the small producer in the

field. [Whenever conditions peraiit, the construction of a

- - s b}
suitably lccated modern plant to process ravw naterizl frou a

large area, such distillery should be ecuipred to utilize —

direct stean distillation. ilovever, as far as snall-scale

is ccncern:

/‘—__—_-—__‘—— . .
vroduction of essential oils -

“applic=able.
it

2.2, GPERLZICH CF ISSEUTIAL OILS DISTILLATICH PLAUT

This problems is discussed brse on distillation set

. ~d;
desicned by the author and showvn on f1g.’-¢1ﬂ.2; 1.3 azttache?d

to the study.

2,2.1, WATER DISTILLLTION

The boiler 1 is charged with the ell prepared rlznt
material (sez2 figure 1). liext the valve 11 is lccked anéd the
boiler is filled up with water to ccver tha charge entirzly,
leaving however, am:lz varpour space above tha chzrge to
evoid boiling over and carrying over of spray into the
ccndenser. After securing the pipe conncction 7 between boiler
and condenser, two water seals 6 and 8 are filled up with
water. The ‘ater height in these seals ought not exceed 10Cc:i.

“This water height aillows to operate snoothly, attenuating
irwediately an effects of over and underhzating i.c. over and
undergra2ssure, which are unavoidable especially when {irewood
is used.) Iilext the firewonod is 1lit or alternatively stean/
electricity is switched on to heat the boiler.

?roper distillation begins froa the monent of boiling of
ccntents in the boiler. Condznsation of essential oil and
rater, talies rlace in the condezser 9, and their sepzration
in the receiver 10. The cohobation is not foreseen in case
of cperating of water distillation,

Cooling water can be suprlied constantly in counter~-current
floving or periodically by pouring in a new poption cf

cooling water, into the condenser,




Whien distillation is complete, the exhausted plant
raaterial is unloaded by turning down the boiler, which is
sat up »n axles of the support 4.
The -+holz odseration can be perforned by t7o persons. The
only skijls reguired are that:
(a) 1st perscn -~ will be required to sarve the boiler(S)
heating and periodically collect distiliate

ith essential oils obtained.

{b) 2nd person ~ will be re uired to prexare plant materials
batch inputs (drying, cuttiﬁétn 3 ng cf
" raw aeterials), 2s well as to mrepara
fire:rood. ,
Safety of an attendant in case of over ancd underpress.re in
the set is ensurczd, because the water seals are 3:30 oderzted

23 safaty valwes.

2.2.2. WATER AND STEAM DISTILLATION

The boiler 1 is filled by water but below thie zrid 2
level, He:zt the boiler is loaded uvp with a wrell prepared
plant material. It is important =hen this mathod of distilla-
tiorn is employed, that the plant charge itself is lent cut of
contect with the boiling wzter. After fixing the pipe
connection 7 between boiler and condenser, and after ogpeniag
the valve 11 and connecting the cohciatioﬁ systeo, two water
seals 6 and 8 are filled up with water. The water height in
these seals ought not exceed 10cu. (This -rater heignt allcws
to operate smos2thly, attenuating imuediately an effects of
over and underhezating i.e. over and underpressure, hich are
unavoidavle especially when firewood is used).

Hext tha firewood c&n be szt on fire, or alternatively
steam/elactricity can be switched on, to heat the bciler.
Prover distillation begins from the moment of boiling of the
water in the boiler. Condensation of essentiel 0il and water
takes place in condenser ¢ and their separation in the
receiver 10. “The surplus aquecus condensate is cohobated i.e.
nade to constantly return to the boiler by the jlastic pirge

13 and wetal pipe 3. '

The cooling systeo i6 the same as describad at point 2.2.1.
The whole operation czn be performed by tvro rersons. The

only £2ills required are that: -
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{a) 1lst person - will be required to serve the boiler (5)
heating, and finally collect essential
oils obtained.

(b) 2nd person - will be rejuvired tc prepare pinnt atcericls
batch inputs (drying, cuttinbfvﬁgzgzng of
raw patericls), as well as to grepare
firewood.

The operatizn of the distillation set -vith conobation systen

dininish man's care tc a minious, as the ogeraticn goes in

clese-circle, and man operating {he set is engoged in rractice
only in bciler heating. Safeiy of an attendarnt in case of
over and underpressure in the set is ensured, because the

water seals are also operated as safety valves.

2.%2.3, OTHER FACTORS CONNECT=D WITE DISTILLATION
2.2.%.1 ’ﬁRATION CF DISTILLATION

Experience with the distillztion of any particular plant
material will enable the operator to evaluate these factors
properly. Collecting of small quantity of distillates in
test-tube e.g. every hzlf an hour and observing volume of
eszential oil in the sauiple can bé simple but useful method

to estimate duration of distillation.

~2;2.3.2. TREATMENT O THE DISTILLATION WATER

Distillation water (with dissolvad oil) ought to be subrxitt
to further treatment to prevent loss of essaential oil. In
the proyosed technology vhere water and stezia distiilation
is to be employed, this distillation water a2y be automatic:llyr

returned(cokobated) into thez boiler diring distillation. ;

2,2.3.3. DISPCSAL OF THE EXHAUSTED PLANT MATERIAL

One very econonical method of disposal consists ir

using it as fuel after air drying, either in the sun or

Lt e v A W sttt 5wl

near the hot voiler. Tne srent material has however a rather
lov fuel value per unit volume.

flternatively, the spent material may be used effectively

as fertilizer; Certain spent plants uake good cattle feed;
this is particularly true of seeds which contain a high
percentage of protein and fatty oils. However spent aaterial
should be subjected to further analysis before being used as
animal feed. This is most essential because of the excessive
heat treat:ient of the material during the oil extraction
process which aay tend to have edverse effect on the protein

content of the spent meterial,

-
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2.2.3.4. IUFLU_NCZ UF TRE DISTILLATIOHN METHOD
Gl TH: @U:LITY OF THE ESSSIMTI:L OiL

The $uality, 2s well as the rhysicoclhenxical zrorerties,
of an essentizl o0il is zreatly influenced by the conditicns
of tke rlant material (age, driad or fresh) and by the way
distillation i3 carried out. It dejends on th2 prethod of
distillation (vvater distillation, wwater and stcar .listillaticon)
the degreg¢e of comzinution of the plant noterial, the duration
cef distillation, the pressure apjrlied, the tre=mt-ent of thz
distillation,water, vwhether ihLe 0il of cohobztion is added to
the .:zin cil or not, etc. Iiovrever ‘rith e2xTzrience . :, in
case of very singple a=;:aratus, the quality of o0il resuiting
fro:: rater distillation cz2n be go:.d. Howr:ver, the yield of
0il ia field distillatcn is often far bLelosw that obtainad

by distililation on a large scale in norez :5odern faciories.

2.2.3.5. THE STORAGE OF ESSENTIAL OIL3

1.8 a general rule, any essential ©il should {irst be
trzated to rairve metallic inmrurities, freed frop moisture
and clarified, and then be storad in rell-filled, tightly
closed containers, at low tearer:ture and ;rotected from

light.

3. T JESIiall CF Ar : ARnTUG ST FUR LUCAL SHALL-ST/LE

«
ESSCiITY. i, cILS }PRCIUCTION

%.1. FIGURSS
See figures: 1; 1.1; 1.2;5 1.3;

Designations:

- Boiler (distiller);

- Grid;

~ Metal Cohobation sipe;

- PBoiler Supports (with unlcading aechznisn);
Cover;

- Water Seal ("big");

- 1lietal jipe Connection;

- Water Seal ("Spail");

NV O N AW 0N R
t

- Ccndenser;

1C - ileceiver;

11 - Valve; :
12 - [Furnacej}

13 - Plastic Cohobation ripe;

14 - Cooler Sup;ortj

e AL RN ARy
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3.2, DI3CAI2TICH OF IS £SS5CiTisr CILS DISTILLATICH
BQJIPMENT

The arjparatus set for water 2nd steam distilletion arid
weter distilletion of aromatic plants, has been designed and
sh:owvn on the figures attached,.

Tnis set consists of:

- Dciler,

- condenser,

- receiver,

- auxiliary eguipnent (i.e. cohobation systom, suppirts

with unloading oechanissz, pipe connzctions).
The distillztion sect is adopted to use firzv.od as & fuel.

Snecification of .yaterizls necded Tor terformance of tais

distillation set is showm in Talle 1¥
S 2 FHoor
The set wzs febricated in 19 “or the Industri:l lesezrch

cSl
'Institu¥bf/f22r£}$from raterials obtainable locz2lly znd by

I
4+:1¢ local -relders of Water nesources iesearch Unit Uorkshap,‘J’K'
Accra, Chana. Operating the set is very sim:le and needs
no skilled personnel to man it.

1

3 .,2.1. BJILZER

The boiler is built of 200 litre (44 gallons) typical
zetal drum 1 and is equirped with grid 2 nade of wetal net.
The gria isiﬂserted sufficient1y ihr-above the real bdzction
of the boiler, so that boiling water and rlant nmaterial
(the latter supported by the zric) do not co.e in contact
during water and stean distilletion.
~he aqueous distillate is raturned t- the wiler for redistilla-
tion, tzrouzh the cohobation system (pipes 3 and 13).
The briler is set u: on the furnace vwhich is bduilt in fors o7
two supports 4 with the turning axles. Connection botween
boiler and cone-shape cover 5 is made through 'big" wzter
seal 6. The boiler usually is provicded vwith so.e safety
valve. In case of water or water and stean distillation, the
water-seal additionally fulfil this function.
The cover is connected to the pipe connection 7 and rext thriug:

"gmall" water-seal B to the condenser 9.
3.2.2. CONDIIISER

b The condenser is built of a brass coil inserted into
100 litres (22 gallons) metal drun, suprlied with running cold




water, which 2aters from below and flows against the
stean a:nd essential o0il vanours.
3.2.3. RicEIVER

teceiver 10 is built <f 10 litres glass £l=s!: vhera
final continous separation of oil fron distillation w=oter
takes Slace. KReceiver is connected to the boiler tirxr:-ush
cohobaticn systen (pip2s 13 and 3) (only in case >f water

and ctea!yx distillation).

TABLE 1

SPICIFICATION OF MATZRI+LS NEZDED rFOR PERFORMANCE
OF THE DISTILLATION SZT FCR SMALL-UCrL I ZSSENTINL
OILS PRCIUCTICH -

Itens wuantity Size
~ Metal DJrum 1 Volune 44 =allons{202
litres)
- Meta) Drum 1 Volume 22 g2lions( 1305
i litres)
- Wire Mesh 1 0.36n2 b enm > 2 3,
- Stael Plate &;OQI I-2wAng

- Cu»gper Pipe

- Galvanised Fipe 1 1.00 (size %A") monvruwm
~5tcp BDrass Cock o7, . (size X') =

~ Flat Iron ,'ﬂ,' 4,00 (size 1V)

- +4ngle Iron 8a (size 1 x 1")

- 3olts 2 (size 4")

- Glass 3ottle 1 Volutme 1C litres

0.5 (size 1v).

- Steel ripe w3Ter ‘

6.0 (size 1HM) Mmoo

=y

Didne,
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