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I - S u m m a r y

In summer 1975, a Polytechna team consisting of team- 
leader F.PAPAEEK, Forest Economics Expert, A.POliSlK, Wood 
Technologistv and J#BIM, Industrial Engineer, undertook a 
mission to the Sudan for UKIDO spending there a total of 22 
manweeks.

The findings of the team can be summed up as follows#
The present market of plywood in the Sudan is charac­

terized by exorbitant consumer prices and an acute shortage 
of plywood# Annual imports of plywood amount to 2,500 m3, 
but consumption could be easily doubled, if the plywood 
price could be substantially reduced#

In Equatoria and Bahr-el-Ghazal provinces there are 
Important timber resources in the surroundings of Katire,
Nzara and Wau, where an annual yield of between 12 and 13 
thousand m3 of peeler logs can be expected* A detailed forest 
inventory in the ares of the potential plywood mill is 
necessary for the preparation of a utilization plan of forests 
for plywood production.

From among sites mentioned, Wau is recommended, for the 
existing sawmilling capacities installed in the region and 
for other reasons, as the best possible site for establishing 
a plywood mill in the Sudan# The annual output of the plant
is expected to be 5,000 m3 of plywood, the necessary timber
supply is 11,100 m3 of peeler logs, the required labour force 
is 123 people# About the same number of people shall be em- 

- ployed in logging and forestry operations#
The locally produced plywood could be sold with an 

adequate profit in Khartoum to wholesalers for XS 180 per m3 
instead of the present price of XS 390 per m3, and its retail
price would be XS 198 per m3 instead of XS 500 per m3 as at
present, thus reducing the present price level by 54 % and 
60 %, respectively#

At the seme time, important savings of foreign currency 
would be achieved# The project would bring to the Sudan 
important gains both in commercial profits and in macro-eco­
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comic benefits. The Costs/Benefits Analysis shows an internal 
rate of return of 23.2 %. The accumulated surplus after 15 
years of operation according to the cash-flow forecast amounts 
to XS 1,593,317. The return on investment as ratio of net 
profit to investment is 6.3 % for the average year. Total 
value added is 492,442 in the eigth year.

As shown by these figures, the seller's market existing 
at present in the Sudan can be reversed by establishing a 
domestic plywood industry. After the first plywood mill in 
Wau a second and third mill should be established in quick 
succession in the South in order to reach larger production 
which would meet increasing demand and allow oven for ply­
wood exports.
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Measures
I'/one foot/ = 30.48 cm 
l”/one inch/ = 2.54 cm
1 feddan = 0.42 ha
1 m3 /cubic metre/ = 35.31 cubic feet

Weights
1 m3 of logs /fresh/ = 1,000 kg

/air dry/ = 800 kg
1 m3 of plywood = 720 kg

Conversion
1 m3 of plywood = 150 sheets of 4'x 6'x 3 m i 

Currency and exchange rates
One Sudanese Pound /%S/ = 100 Piasters /Pt/ = 1,000 milliemes 
/mms/

¿s 1 = l 1.33 = US 0 3
l 1 = is 0.75 = US 0 2.25

US 0 1 = is 0.333 = t 0.44
One Egyptian Pound //.Eg/ = IOC Piastres /It/ = 1000 milliemes 
/mms/

/Eg 1 = l 0.8 =
l 1 = ¿Eg 1.25 

US 0 1 * ¿Eg 0.555 
IS 1 = ¿Eg 1.666

us t l.s is 0.6
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In response to o request of the Go\erneiaent of the Sudan 
for a feasibility 3tudy for plywood production a contract has 
been signed by URIDO in Vienna and POLYTECHEA in Prague on 
9 September 1975» According to this contract, the study should 
cover the following topics:

a/ present market for plywood in the Sudan and neighbour­
ing countries and its future development;

b/ evaluation of the raw material situation;
c/ elaboration of a specific proposal for the erection 

of a plywood factory.
This work has been entrusted to a team consisting of the 

team leader, i'.PAP/l'EX, Forest Economics Expert; A.POl/ciK, 
wood Technologist; and J.Bii.i, Industrial Engineer.

The team spent a total of 22 weeks in the field, col­
lecting nece3saz’y data and information and visiting potential 
sites for a plywood mill in the South of the country. The du­
ration of stay of the members of the team in the field was as 
follow^:
Jj'.PAPJiKEK: 10 July to 6 October 197? B9 days
A.POLACiK: 10 July co 22 August 1975 44 days
J.Bifcl : 14 August to 3 September 1975 21 days

Total 154 days
The field work was hampered by the rainy season in the 

South and, in a certain way, also by tne month of Ramadan in 
the North and in Egypt as is explained in detail in Annex 
1/A.

The names of people contacted in the Sudan and in Egypt 
are given in Annex 1/B.

A c Icn owl e d g emen t
This study has been prepared by the team of experts in 

close cooperation with Sudanese authorities, institutions, 
counterparts and staff. In carrying out the necessary in­
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quiries end field trips a greet number of organizetions, both 
public end privet 2, have been contacted and s very large body 
of informers approached. It is a pleasure to recall these 
numerous visits and meetings with people who were all ex­
tremely hind or.d helpful and did their best to assist the 
experts in their task.

Special mention should be made of the Industrial Re­
search and Consultancy Institute in Khartoum and its Director, 
Mr.Abdel Rahman Abdel Halim Obeid who provided in Mr.Ahmed Ali 
Ahmed an excellent counterpart for Khartoum. In the South the 
responsibilities of the counterpart were taken over very suc­
cessfully by Mr.Cuor Deng Mareng, Inspector of the Regional 
Ministry of Commerce, Industry and Supplies in Juba. Also the 
forestry Department made its staff available and several 
Conservators and their subordinates assisted the team-leader 
during his field trips in Equetoria and 3ahr-el-Ghazal pro­
vinces.

Only thanks to the understanding, cooperation, and help 
of all these people and the sympathetic attitude of all the 
Sudanese autohorities, officials, managers and indeed the 
public at large could the present work be carried out. This 
is here gladly acknowledged.
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c The market

l:Teset?t Situation
ior a long tiue it has been thought that there is an 

insufficient market for plywood in the Sudan, and only a few 
years ago the possibility of establishing a plywood and ve­
neer factory was ruled out for want of adequate demand /1,2,3/» 

Present annual plywood imports are in the range of 2,500 
m3. In the last five years a slight tendency to increase has 
appeared. The main suppliers of plywood are China and Romania. 
Details are given in Annex 2/A.

Plywood is used mainly in furniture manufacture /about 
80 %/, to e much smeller extent in construction for partitions 
and ceilings /20 %/. The uce of plywood as a packaging material 
end for containers is only at it3 initial stages.

Governement agencies account for some 20 T of plywood 
consumption, the main bulk of plywood /CO %/ being used by 
the privete sector.

The territorial distribution of plywood consumption in 
the country is essentially identical with the distribution of 
urban population and with the overall level of urbanization.
Most urban centres have small scale workshops making furniture. 
Housing and construction in which plywood could be used is, like 
carpentry workshops, al30 limited only to urban communities.

By far the largest consumption of plywood is concentrated 
in the capital Khartoum, i.e. in the so called "Three cities" 
/Khartoum, North Khartoum and Omdurraen/. Here occur the most 
important construction activities requiring plywood as a building 
material. Here also the furniture industry is concentrated as is 
shown by the following data: /3/

Furniture industry in the Sudan

25oil
l umber of 

and more 
in Khartoum

workers in a plant
less than 25

in Khartoum outside Khartoum
Number of 
establishments 7 64 63

Number of 
workers 455 423 334

Output in in 17,000 316,000 157,000
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The rurel population is using virtually r.o plywood. The 
per capita consumption of plywood in the capital ia estimated 
to be four times the consumption of the remaining ui'ban /and 
semiurbnn/ population. Consequently, the territorial distri­
bution of plywood consumption is assessed as follows:

Population Relative Estimated
Area total urban level of Weighting plywood

million consump. consumption
Three
Cities 0.8 0.8 4x 3.2x 1,600 m3
Remaining
North 11.2 1.3 X 1.3x 700 m3
Southern
Region 4.0 0.3 X 0.3x 200 m3

Total
Sudan 16,0 mil. 2.4 mil. 4.8x 2,500 m3
Percentage loo v: 15 ;

The usual size of iinported plywood is 4 'x 6 'x 3 mm. The
wholesale price for this plywood i3 XS 390 /m3, the retail
price varies from about Z'o 500 /m3 in Khartoum to more than 
IS 000 /m3 in the .South, Details concerning the price of ply­
wood are given in Annex 2/B,

The present excessive price of plywood in the Sudan is 
a consequence of inadequate supply of this commodity which 
does not meet actual demand.

The use of plywood and its future development should 
be viewed in close interrelation with the use of other wood- 
based panels and of sawn timber.

There is s small particle board plant producing in Khar** 
toum which is protected from competition from abroad. Its 
products are used mainly in construction. The wholesale price 
of particle boards is XS 122 /m3, the retail price is XS l44/m3.

Small quantities of hardboards - not mentioned in the 
Foreign Trade Statistics - are imported from time to time 
and sold on the retail market for XS 340 /m3. Information con­
cerning particle boards and hardboards is contained in Annex 
2/C. «

A considerable drain on the country's foreign currency 
resources is caused by imported coniferous sawnwood which.

■
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according to the Foreign Trade Statistics, amounted in 1974 
to over 32,000 tons with a corresponding value of over tS 3*6 
million. Domestic aawnwood production, consisting almost 
entirely from hardwoods, is insignificant, for details see 
Annex 2/D.

Besides the sawmills, there is in Khartoum a match 
factory operating since the early 1960*8 /the splints are 
mostly imported/, end a packaging and carton factory which 
started production in I960 and uses also imported raw materi­
al.

V/ith regard to this situation in the market of forest 
products there is no doubt that the establishment of a ply­
wood industry based on domestic raw materiel would greatly 
alleviate the existing shortage of wood-based building 
materials and of furniture and ease the strain timber imports 
make on the country'a balance of payment.

Trends and Projected Consumption
Present consumption of plywood in the Sudan is 0.16 m3 

per 1,000 inhabitants which is only one fifth of that in 
Africa /1970 - 0.8 m3 per 1,000 inhabitants/.

Consumption of plywood in the Sudan is expected to in­
crease due to:
- elimination of exaggerated wholesale and retail price margins 

by matching supply with demand
- growth of population, especially urban
- higher living standards related to GDP
- further technical development and progress.

The rate of growth of population is 3*1% /4/ and, with 
the enormous land surface of the Sudan, and the improving 
living standards this rate will be probably maintained for 
some time in the future.

But much more important for the increase of plywood 
consumption is the growth of urbsn population. The percentage 
of urban population increased annually in the 9 years from 
1955/56 to 1964/65 by 4.9 a /5/# This rate of increase may 
safely be projected also for the next 10-15 years in view of 
the influx of rural population into urban centres a.ii the fast 
growth of towns and cities.
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The population of the Sudan is expected to increase at 
the following rate:

Total population Urban population
/3 % growth/ /5 % growth/

1975 16.0 million inhabitants 2.4 million inhabitants
I960 16.6 II It 3.1 II If
1985 21.5 ft tf 3.9 tl It
1990 25.0 It II 5.0 II 19

The 1971/72 Gross Domestic Product per inhabitant in the 
Sudan is US $ 141 which is about two thirds of the average 
GDP for Africa /6,7/. The GDP is expected to grow in the 
Sudan at a rate of 3 % reaching

in the year 
1975
I960
1965
1990

GDP in US $  

154 
179
207
240

According to an FAO study /7/ the recent and projected
per caput consumption of plywood and veneer by regions is for
Africa as follows:
Year 1961 1971 1981 1991
m3/1000 inhabitants 0.5 1 3 5

The rate of growth in % per annum is:
1961-1971 1971-1981 1981-1991

7 .2 11.6 5.2  

According to this same source the aversge GDP for Africa 
is, or is expected to be:
Year 1961 1971 1981 1991
US $ per caput 159 210 283 404

The rate of growth for GDP in % per annum is:
1961-1971 1971-1981 1981-1991

2.8 3.0 3.6
Plywood consumption in m3/10C0 capita grows, in general, 

with increasing GDP in US #/caput, but consumption per 1000 
capita is smaller in the Sudan then in Africa, sa shown on 
the following table which is based on an assumed 10 % growth 
of plywood consumption:
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Plywood consumption
Tear Population GBP in 15 /5 m3/1000 total at a growth

in mill. per caput capita in m3 rote of 10 %
1275 16.0 157 0.16 2,560 2,500
1380 18.6 17 2 u.22 4,092 4,000
1985 21.5 207 0.30 6,450 6,500
1990 25.0 240 0.42 10,500 10,400

Tiie assumed 10 n ¿rowth rate of plywood consumption for 
the Sudan is consistent with the average annual growth rate 
for plywood consumption for Africa which is /7/:

£.4 /£ for the period 1950-1960
9.7 £ for the period 1960-1970, and estimated to be
8.7 h* for the period 1971-1901 
11.1 % for the period 12C1-1991.
The average annual growth of apparent plywood consumption

in Africa from 1970 to 1973 even reached 13.3 %t and FAO /8/ 
anticipates u 15 ; growth of plywood production in developing 
countries for tiie period 1973 - 1285 /see Chart 1/.

’hart 1
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Projecting the px’esent annual plywood consumption of
2,500 m3 at a 10 % growth rate into the future, the following 
target figures for plywood consumption are obtained: 
in five years *time /I960/ 4,000 m3
in ten years*time /1985/ 6,500 m3
in fifteen years*time /1920/ 10,400 m3

In attempting a break-down of this annual consumption of 
plywood according to end-uses the following assumptions ere 
made:

1. Plywood consumption for furniture making will retain 
its dominant position but will grow at a somewhat slower rate 
than other consumption so that its weighting will be reduced 
in 15 years* time fi-om the present 80 % to about 63 Thus 
the volume of plywood consumption will increase 3*3 times in 
15 years.

2. On the contrary, plywood consumption for construction, 
including waggon construction, will increase at an ever faster 
rate with a 6 times increased volume consumption in 15 years* 
time. The corresponding increase in its v/eighting would be 
from 20 fi> to 29 %•

3. In the Southern Sudan, an extensive tea and tobacco 
plantation programme is under way. Already now a shortage of 
crates for packing tobacco is felt and the tea development will 
result in an ever growing demand for tea chests. The Army 
complains of the poor quality of particle board manufactured
in the Sudan and would warmly welcome locally produced plywood 
for such end-uses as packing emmuniton etc. Plywood could re­
place metal in containers for air transport, for beverages 
/like Coca Cola bottles/ and fruits. The consumption of plywood 
for these and related uses is estimated to reach 200 m3 in 
5 years, 500 m3 in 10 years and 800 m3 in 15 years.

Consequently, the following picture of plywood consumption 
according to end-uses can be expected:
Year Furniture Construction Containers Total consumption
1 9 7 5 2 , 0 0 0  m3 5 0 0  m3 - 2 , 5 0 0  m3

I 9 6 0 3 , 0 0 0  m3 800 m3 200  m3 4 , 0 0 0  m3

1 9 8 5 4 , 5 0 0  m3 1 , 5 0 0  m3 500  m3 6 , 5 0 0  m3

1 9 9 0 6 , 6 o o  m3 3 , 0 0 0  m3 8 0 0  m3 1 0 , 4 0 0  m3
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£0ypt is consuming annually some 50,000 - 60,000 s®3 of 
vlyv/uod, both imported ci.u locally produced, and thus repre­
sents an important potential market outlet. Annual imports 
of plywood may amount to anything between 30,000 and 50,000 m3. 
Mahogany plywood cf yood quality, produced in the Sudan, would 
have a value exceeding by at least ¿0-30 % the usual sort cf 
imported plywood, consequently it could be sold in the present 
market situation in Alexandria for a C and I- price of about 
US $ 350-360 /m3. The freight rate for plywood fx'oxn Port Sudan 
to Alexandria being US t 4fc.h6 /m3, the iCB price xn Port Sudan 
for Sudanese plywood would be around US jS 300 per m3 which could 
be interesting and incite plywood experts from the Sudan to 
Sgypt.

Still more than Egypt, Saudi Arabia would seem to be a 
possible outlet for Sudanese-made plywood, since the freight 
rate for plywood from Fort Sudan to Jedds would be only US 0
23.33 /m3. Ko market survey regarding plywood has been made 
in Jeddu, but later this may become necessary in order to 
promote plyvcod exports from the Sudan to Saudi Arabia.

In considering potential plywood exports, it should be 
borne in mind chat mahogany-faced plywood sheets would 
represent on the international market a commodity that could 
compete ac to quality and decorative value with any available 
brand of plywood and would easily compete with the kind of 
plywood supplied at present to countries in the Middle East* 
Sudanese plywood would have the advantage of the raw material 
not being expensive, and if in spite of the small capacity of 
the plant end the one-shift operation a reasonable production 
cost could be achieved by efficient management, if costs of 
internal transport would be lowered, and if a premium on 
foreign exchange earned is granted, then exports of plywood 
from the Sudan are 0 possibility which should be earnestly 
attempted*

Conclusion
Growing requirements for plywood in the domestic market 

and algo potential opportunities for plywood exports to 
neighbouring countries warrant the establishment of a plywood 
industry in the 3udan. In determining the capacity of a ply­
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wood plant for the Sudan both the extent of present end future 
market recuireraonts and -he evailibility of tinder should be 
considered, Estimated demand fox* plywood ir. I.:o0 - when full 
production ex tux proposed plywood mill v:culd have been 
reached - in 4 ,000 m3 per annu:.. lie r.orual : iniauia economic 
capacity of s pi*wood plant is considered to be 5*000 m3 of 
plywood per annum, This capacity represents, at the same tine, 
the maximum concentration of peeler logs which is economically 
feasible with regard to existing forest resources in the Sudan, 
Consequently, the only solution is the establishment of a
5,000 T/0 plywood mill which would operate one shift, This would 
meet the country^ demand for plywood in 1980 and, at the same 
time, allow for plywood exports of the order of 1,000 m3 per 
annum, should Sudanese plywood be available at a competitive 
price.

Looking further ahead, beyond the scope of this feasi­
bility study, the following hovel \p:.:ent of the plywood indus­
try in the Sudan coulu be contemplated:

ieriod Lumber 
of plants

Annual
pljv.'ocdproduction

_o:.:ec tic 
e onsrr.pt 1er Exports

1976-1300 1 5,000 m3 4,000 m3 1,000 m3
1981-1385 2 10,000 m3 6,500 m3 3,500 m3
1986-19SC 3 15,000 m3 10,400 m3 4*600 m3

The successive increase of the number of plants instead 
of shifts is necessary because of tne low stocking of forests 
which does not enable the economic concentration of lax’ger 
quantities of logs at the factory site. According to the 
expected end-uses the following specification of plywood is 
recommended for the 5,000 m3 plant which is to be established:

Thickness
3 mm
4 mm

5-1C 0 C 
15 mra ,

Purriture
1,LUO no 
800 m3 

, 200 m3

End-uses
con­
struction Containers

100 m3

100 m3
1,000 m3

Exports Total
600 m3 2,500 m3
200 m3 1,000 m3
200 m3 500 m3
- 1,000 m3

Total 2,800 m3 1,000 m3 200 m3 1,000 m3 5,000 m3
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L licencions 3-4 ffi 10 m:... 19 mm Total
. ”i • , r ... À. iwV- Cl*.

*1 ... ' v.' ■ • . . ,
2 , ¿00

f 21 r'
5 Go m - 2,500 m3 

“ .920 ;;-j

2ot:-;l > , v- ^ 5To i . t r C 5 , e! 1 _ m.3

* c v all ooix-d-j ui'c- f or: .aldehyde adzes iv. should be used 
vith tile except ¿on of 122 x 183 cm, 19 mm boards representing 
water ar.d boil proof plywood for which the use of phenolic 
toils is recommended.

The size 122 x 183 cm, i.e. 4 x 6 is recommended because 
of the established market requirements for plywood sheets in 
the Sudan. But lor ¡.he second plywood mill to be constructed 
in the Budan a larger sice, i.e. 122 x 244 cm /or 4 x 8 / 
suould be contemplated. Though such a size requires more 
expensive equipment, it could stimulate rev/ uses ior plywood

plywood consumption in the So km. 
no special u;c&et:.e_ for sales promotion 
jary, la order to attain protectee consumption 

figures .;itn the only exception of one essential taelc: namely 
to make plywood of an acceptable quality available in suf­
ficient quantity at a reasonable price.

and thus enlar,
It pro -i)

UXsl tO bo nec
figures . .-Î ■+. <t 4-1

In the calculation made in this feasibility 3tudy it is 
assumed that the present exorbitant consumer price for ply­
wood sheets will be reduced by more then half, i.e. from 
£3 3.00 per- sheet to Z>3 1.30 per sheet, if plywood imports are 
substituted by domestic production. It is needless to say that 
such an important price reduction would automatically increase 
demand for plywood to a multiple of' it3 present level.

In order to improve the profitability of plywood pro­
duction direct commercial relations with the end users are 
recommended through the establishment of a warehouse in Khar­
toum* the plywood mill in V/au would ship the plywood to Khor-
toun: end sell it ex warehouse to consumers in Khartoum et the 
retail price and to wholesalers in the other urban centres in 
the North at the wholesale price. The plant in V/au would sell 
plywood,ox factory uo wholesale dealers in the South, as well 
as to plywood exporters. By establish!:; - a retail outlet in 
Khartoum and V/au the selling price of plywood will be minimized 
and unnecessary intermediaries avoided.
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3 Th.’ haw rûrrerial

?rese:- .t situation and C en err. 1 Observations
Hot лисп is known about the forests of the Sudan« though 

there ore laic orient timber resources in the South of the 
country. Ir. the absence of any forest inventory, in lack of 
forest maps and working plans, it is extremely difficult to 
estimate potential yields of the forest.

The use of these forest resources is only beginning. 
Sawmilling capacity is only a fraction of the potential yield 
of the forests, and actual sawnwood output is still much 
lower than the installed capacity. Some data on forest 
resources and their utilization are given in Annex 3/Л.

The sawmills are owned and operated by the Forestry De­
partment, consequently no stumpege fee is paid for saw logs. 
Royalties are collected only on fellings made outside the 
forest reserves, their aim being the protection of timber 
resources by concentrating timber fellings in the forest re­
serves where plantations can be established after the fellings. 
In order to accumulate funds for the establishment of plan­
tations after the utilization of the natural forest a recom­
mendation is made in Annex 3/-3 to introduce в stumpage fee 
for peeler logs amounting to 60 Pt/m3.

The feasibility of plywood production depends largely 
on its integration with sawmilling. Indeed, only in this way 
will a rational utilization of the forest resources be achieved. 
Besides that, there is a close interrelation between the pro­
duction of saw logs and peeler log3. As a matter of fact, both 
peeler loge and saw logs occur usually in the seme tree and 
their separation by crosscutting the stem of the tree is by 
far the decision involving the highest responsibility in 
logging operations. Only a well-trained forester, who is well 
acquainted with the requirements of timber for plywood pro­
duction, should determine the actual line of separation be- 
twen peeler log and sow log in the felled tree. The operation 
of crosscutting is of primary importance for the outturn of 
peeler logs. The relatively high percentage of 3C % peeler
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logs iron) the total volume of felled timber which is calcu­
lated in this report can be reached only with very careful 
and responsible crosscutting. Any lack; of attention, interest 
or professional training with respect to this operation will 
result unavoidably in spoiling veneer end peeler loga and 
lowering their outturn. It is therefore absolutely essential 
for the successful utilization of timber resources for ply­
wood production that logging operations for sav/milling and 
plywood manufacture should be carried out by highly qualified 
and responsible field staff who does not prefer supplying raw 
materials to a sawmill rather than to e plywood mi.ll on 
departamental grounds but is on the contrary whole-heartedly 
interested in supplying the raw material needed to both oper­
ations according to the quality of the logs.

Peeler logs should be of the following lengths: 130, 190. 
and 23C cm, or their combinations: 2^0, 320, 360, 3&0, 420,
460 cm or mere, if conditions of transport permit it. To 
these lengths 7 should be added when cutting logo in tlie 
forest.

The present girth limit of 45" /i.e. 3o cm b.h,diameter/ 
is from the standpoint of plywood production too high and 
could be reduced to a girth limit of 37" /i.e. 30 cm b.h. dia­
meter/, if silvicultural considerations would allow it.

It should be borne in mind, when establishing a plywood 
plant, that the plywood industry manufactures goods from raw 
material supplied by forestry. Consequently, this production 
is, from the viewpoint of national economy, a combined 
venture of agriculture snd industry. The closer and smoother 
the cooperation between these two sectors, the better will 
be the results achieved by the plywood plant.

Another point that should be taken into account in 
planning logging operations is the rainy season which occurs 
all over the South of Sudan with rainfall concentrated in 
the summer months. In general, rainfall increcses both as to 
amount and duration in the direction from lorth to South, 
from East to West, and, of course, with elevation. In the 
Imstong mountains the annual rainfall reaches an average of
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1400 - 2000 ram most of which is precipitated during the seven 
months from April to October. A distinct dry season is only 
from December to February. In Jute ¡.he mean annual rainfall 
is 'Joy mm, ¿he rainy season lasts from April to September. In 
Jau the mean annual rainiell is 1127 mm and the rainy season 
lasts from Lay to October /9/.

Logr ing operations should be concentrated as far as 
possible into the dry season ana an adequate supply of round- 
wood should be stocked at the factory yards of the timber pro­
cessing plants. In preparing working plans for the forests a 
distinction should be made between areas accessible only in 
the dry season and areas where logging could be carried out 
also in the rainy season. In these latter parte of the forest 
logging operations should be avoided during the dry season.

normally logs should not be stored in the yard for more 
than three months. Thi3 would prevent the deterioration of 
logs by long storage. Insects or fungi seem to be of little 
peril for tropical hardwoods in log yards in the Ludan; the 
main concern should be the prevention of cracks, therefore 
protection of the log supply from direct sunrays is recom­
mended. Should adverse climatic conditions require the stocking 
of a log supply for more than three months, sprinkling or 
other forms of log protection may become necessary /e.g. 
protective coating of leg ends against checks and splits using 
tar oil, lime or paraffin, treatment with 4 % solution of CuSO^ 
or ZnCl^, protection by bcllnanit from the German federal 
Republic, by UL salts from the German Democratic Republic, by 
Lastanox from Czechoslovakia etc./

Assessment of Timber Resources
At the time of the team^s visit to the Forestry' De­

partment in Khartoum the Director, Iir.Kamal Osman Kalifa, 
pointed out that in his opinion there were four potential 
sites for the establishment of a plywood mill in the South,
i. 6.

1» the Imatong mountains
2. ’the Loka-Euni area
3. the Y8mbio-Ezara area, and
4. the Wau-Kega area.
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All these lour sites were visited by the team end as 
far as possible short trips to the forest were made. At the 
Survey Department in Khartoum aerial photographs of some 
strips of forest surveyed ten to twenty years 8go in the 
Imatong mountains, the Dzara region and halfway between ¿Vau 
end F.aga were inspected. Based on information provided by 
the local forest staff, on date contained in various reports, 
on the inspection of aerial photographs, and on p^bonel 
impressions a preliminary evaluation of timber resources for 
the purpose of plywood production is made in Annex 3/C.

Among the forest regions inspected one - the Loka-Euni 
area - was eliminated as unsuitable for plywood production.
In the remaining three forest regions an annual supply of be­
tween 12 and 13 thousandt m3 of peeler logs seems to be 
guaranteed. In the Imatong Forest Reserve Katire was chosen as 
a possible location of the plywood mill, the other two contem­
plated sites are lizara in western Equatoria and '.7 a u in Bahr- 
el-Ghczal province. The logging cost is different in each case 
and the total coot of the peeler logs at the factory yard has 
been assessed as follows:

Cost in per m3
Katire Kzara <iau

Stumpage 0.60 0.60 0.60
Felling and crosscutting 0.75 0.60 0.53
Skidding 2.50 2.00 0.75
Hauling 5.40 7.20 5.40
Road construction 1.92 2.12 1.00
Further cost items 1.16 2.32 2.47
Cost at factory yard 12.33 14.84 10.75
Supplement 10 % 
Contingency 10 2.47 2.97 2.15

Total cost of raw material 14.80 17.80 12.90
Because there is no experience with large-scale logging

operations in the Sudan, a supplement is added as a safeguard
against possible increase of logging cost; in case large-scale
operations should raise the present cost of contracting or re­
quire the stepping in of the Forestry Department,



It should be noted that the assessment of the raw ma­
terial supply may convey a true general picture of each site, 
but needs further clarification and verification as to the 
surface of the forest, its compositon by species and its 
standing volume,

'file need for a forest inventory to base the decision for 
any industrial development based on timber resources has been 
stressed many times in a number of reports. The idea of a ply­
wood mill in the Suden which emerges in various reports during 
the 60*s and 70*3 has been up to now always either evaded and 
deferred until the completion of a forest inventory, or 
rejected outright beause of an alleged lack of timber.

In this connection, special mention should be made of 
the Romanian report o„i wood utilization in the Sudan, presented 
by three foresters in 1972, which denies the existence of 
sufficient raw material for the establishment of a plywood 
mill with sn annual output of 5,000 m3 and suggests the 
importation of peeler logs from the Central African lie- 
public and from Zaire /10/•

Yet in spite of this report, oil the evidence points to 
the fact that there exist in the southern Sudan - et least at 
the three mentioned sites - important resources of natural 
forests with large-sized trees of valueble species which occur 
in sufficient quantity to be used for plywood production. At 
the present stage of Information regarding this forest resource 
it may be safe to assume that though e forest inventory - at 
least of the crudest type and confined only to the influx area 
of the potential mill site - is absolutely necessary to pro­
vide more information on timber resources end to stert their 
rational utilization, there could be nevertheless no justi­
fication for claiming that a plywood plant cannot be erected 
on the grounds of an insufficient survey of the raw material.
On the contrary, a positive decision on the establishment of 
a plywood mill would serve as an impetus snd will be an eco­
nomic justification for a closer survey of the forest, as 
well aa hasten the collestion of information and data on the 
existing timber resources of the areas considered.

j-24-
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In considering this natter, distinction should be made 
between the viewpoint of feasibility of plywood production 
ar.u its actual production, l.liile it would be impossible, at 
the present stage of knowledge concerning the forests, to 
prepare a deteiled technical project for the production of 
plywood, our information regarding the forest is sufficient 
to confirm, both with regard to quality end quantity of 
forests, the feasibility ox such a project. Admittedly, as­
sumptions were made in the calculations concerning the timber 
supply at the various potential sites, a3 to forest area, 
tree species and volume, which are at best "guesstimates" 
and may be altered by a subsequent inventory. Nevertheless, 
because of this uncertainty, prevision has been made in the 
calculations to remain always on the 3afe side. But even if 
it should turn out that the quality of logs in the forest 
area selected or its volume have been overestimated there 
always remain two safeguards by which necessery adjustments 
could be made. The first adjustment measure would be the 
increase of the influx area so that additional timber sup­
plies could be reached, though of course at a higher cost. 
This would be always feasible regarding the low cost of the 
raw material. The other means consist in a decrease of the 
supposed time period for using up the supply which in our 
calculations we took as 30 years, though ultimately a period 
of 15 years could well be accepted.

Conclusion and recommendations
From among the three forest regions where sufficient 

timber resources for plywood production can be found prefer­
ence is given to Wau for several reasons.

tfau has the cheapest end best raw material, and the 
easiest terrain for large-scale logging operations. It has 
a railway connection with the North of the country and thus 
can provide the cheapest, quickest and moat reliable transpor­
tation of plywood to the consumer centres. Development in and 
around Wau benefits of a high priority both socially and 
economidally because of the need to create employment. The 
authorities of the Southern Region, and especially the
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Forestry Department, pu: high priorities for 
development of fue Beri'-el-tuiaznl orcviuee, : 
11; the ;..o: i j-. : _f pv:w of the - ouir.

e ii:dv. trial 
thsy •orrifer

ere os ce orzsn: ,e;-e one ~-s,-Vtfj.opmei.r, ol .:. plywood j nous try 
should ee encouraged and facilitated by the !• ores try 1 opart- 
rent , In order to achieve this os quickly as possible they 
must take the following assures.

of ort-term measures

The most important conclusion from tuo pres err; survey is 
to start with tuc lease possible delay a forest inventory in 
the vicinity oi the site selected for the plywood plant, a3 a 
follow-up to the feasibility study, either as part of the 
multinational aid programme for the Sudan, or on a bilateral 
basis. This forest inventory should prepare forest maps of 
the respective areas, determine stocking, cree species repre­
sentation one annuel yield, pl-u one outlay of 9 network of 
forest eocca, and assist in testin,_, mechanicul properties and 
carrying out peeling tests wf -'respective tree species at the 
fobs Resesrcn and Education Institute end at the natch facto­
ry in Khartoum, ferns of reference and a cost estimate are 
given in Annex 3/R'.

It was originally intended to carry out peeling tests 
of up to five tree species in Czechoslovakia as part of the 
present feasibility study. Subsequent experience showed that 
there is no justification in carrying out tests in Czecho­
slovakia for the following reasons.

First, all the main tree species occurring around the 
possible site of plywood production have been already tested 
as to their suitability for plywood production by m.Tag Eldin 
Hussein Rasroun from the boba Research and Education Insti­
tute in 1274 /Annex J/E/. 3esidea that, the following 10 tree 
species Lave been tested at the federal Forest Research Insti­
tute in Rein beck /Federal Republic of Germany/: Cordia efri- 
cana, Afzelia africana, Burkes africana, Prosopis africana 
/ell excellent in technological qualities/, and Terminslia 
glaucesceno, Acacia polyacanths, Acacia eieberiana, Albizzia
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eyloneri, Albiszia zygia, Vitex doniana /11/. Five species
have beer, tested also in Czechoslovakia in 1973 as a pre­
paratory stage for this Polytechna-UPTDO contract /Annex 
3/F/ •

Second, though some tree species may occur which, should 
be tested for plywood production, it is impossible to say at 
this stage which tree species these are, since only a forest 
inventory in the area of the site chose* for the mill can show 
which untested tree species occur in sufficient numbers and 
dimensions to be of interest for plywood production.

Third, testing of tree species both as to mechanical 
properties and peeling characteristics can be successfully 
carried out in the Sudan in the Soba Research and Education 
Institute and in the Khartoum match factory, as indeed has 
been already done for quite a number of tree species. Conse­
quently, this kind of testing outside the Sudan as part of 
the international aid programe is not warranted.

What could be a matter for international or bilateral 
aid is advice as to what tree species should be tested in 
connection with the results of the forest inventory and, if 
so requested by the Sudanese government, operational as­
sistance in efficient organization of the testing.

In preparation of the forest inventory an aerial survey 
should be carried out without delay. Recommendations are given 
in Annex 3/G•

Medium-term measures
On the basic of the forest inventory forest land which 

could yield a supply of timber for plywood production should 
be declared a Central Forest Reserve. This would be in line 
with the pursued policy of extending the ares of forest re­
serves. The present area of forest reserves is 
Province A r e a
Equatoria 740,000 fedd8ns, or 311*000 ha
Bahr-el-Ghazal 810,000 feddans, or 340,000 ha
Upper Rile 200,000 feddans, or 84,000 ha
Southern Region 1,750,000 feddans, or 735,000 ha
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This area represents only 1.1 >' of the total surface of the 
Southern Region. The target figure is 15 In order to 
safeguard the raw materiel basis for pljv/ood production at 
least another 700,000 ha of forests should be added to the 
forest reserve estate in the near future.

Long-term measures
Finally, a new impetus should be given to the establish­

ment of plantations on a certain part of the forest land.
These should ultimately replace the natural forests as a raw 
icatex'ial basis for both sawn-wood and plywood production.

There are at present about 8,600 ha of teak plantations: 
5,400 ha in Equatoria and 3,200 ha in Bahr-el-Ghazal. The 
plantations were started after World War II and their age 
distribution is fairly even in Bahr-el-Ghazal, in Equatoria 
there were no plantations between 1962 and 1972. The annual 
increment may be around 6 m3 per ha. .At present only poles 
from thinnings are utilised, but in 15-20 years uime the 
plantations will yield saw logs and also a certain amount of 
peeler logs.

The continuous planting of teak should be encouraged and 
further increased, but teak should not remain the only species 
to be planted. Experiments should be started with the intro­
duction of fast-growing softwood species in the savanna 
woodlands and continued in the Imatong mountains. This would 
require the establishment of two research stations, one in 
Equatoria for the montane forests and one in Bahr-el-Ghazal 
for the savanna type and gallery forests. These research 
stations should be under the guidance of the Research and 
Education Institute in Soba which could organize the research 
work and provide the necessary research workers.
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4 T r a n s p o r t

Evaluation cf Sites
In any industrial development in the Sudan tx'erspor- 

tation is the major constraint* This is especially true of 
plywood production in which both the raw material and the 
commodity produced are heavy, bulky and costly to transport 
and distances involved between the timber resources in the 
South 8nd consumer centres in the Forth are enormous*

In plywood production transportation cost depends on 
a number of factors among which the distance from the forest 
to the plywood mill and further from the plywood mill to 
consumer centres is of decisive importance* Therefore the 
selection of the site for the plywood mill, i*e. its lo­
cation between the forest and the consumer, is of greatest 
importance for the feasibility and profitability of the 
enterprise.

Five possible sites for a plywood mill in the Sudan 
are being considered and their economic implications dis­
cussed in this report. These locations are Katire, Ezara,
Wau, Juba and Khartoum, furthermore, export possibilities 
of plywood to neighbouring countries through the ports of 
Fort Sudan and Mombasa are examined.

The distances involved and the freight rates are given 
in Annex 4/A.

On the basis of the freight rates end handling charges 
quoted in Annex 4/A total transportation costa of logs and 
plywood for various locations of the plywood mill are com­
puted, assuming the following concentration of sales:

Wau 10 % or 500 m3 of plywood
Khartoum 70 % or 3,500 m3 of plywood
Port Sudan 20 % or 1,000 m3 of plywood
Total 100 % or 5,000 m3 of plywood
For the site in Juba transportation of logs from Katire, 

for the site in Khartoum transportation of logs from Wau is 
the cheapest*
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Cost in XS per m3
Katire ilzara V/au Juba Khartoum

Logging cost 14.80 17.60 1 2 .9 0 1 4 .8 0 12.90
Transport of logs - - - 11.48 14.17

Cost of logs at
factory yard 14.60 17.80 1 2 .9 0 26.28 27.07
Cost of logs per
m3 of plywood 3 2 .8 6 39.52 28.64 58.34 60.10

Transport of plywood
To South e . 671' 17. 314/ - - 1. 09U /
To Khartoum 1S . 892/ 19. 89^ 7 . 6477 19.899/ »

To Port Sudan 1 . 193/ 1 . 196/ 3 . 118/ i .1910/ 1 . 1912/

Final cost of site 62.61 77.91 39.39 79.42 6 2 .3 8

XS/m3 ¿SAO
1/ Katire-Juba 8.27 7/ Wau-Khartoum 10.52

Handling 0.40 Handling 0.40
Total 8.67 Total 10.92
Cost share 100 % 6.67 Cost share 70 < / tv 7.64

2/ Juba-Khartoum 21.70 6/ Wau—Port Sudan 15.13
Handling O .4 9 Handling 0.40
Total '22.10 Total '1 5 .5 5
Cost share 90 19.69 Cost share 20 % 3 . 1 1

3/ Khartoum-Port Sudan 5.55 9/ Juba-Khartoum 21.70
Handling 0.40 Handling 0 .4 0
Total 5.95 Total 2 2 .1 0
Cost share 20 Cfto 1.19 Cost share 90 % 19.89

4/ Hzare-Juba 16.91 1 0/ Khart oum-Port Sudan 5.55
Handling 0*40 Handling 0 4 0Total 17.31 Total 5755
Cost share 100 % 17.31 Cost share 20 % 1 . 1 9

5/ Juba-Khartoum 21.70 11/ KhertouEw,.8U 1 0 .5 2
Handling 0.40 Handling 0.40
Total 2T.TÜ Total "1 0 .9 2
Cost share 90 % 19.89 Cost share 10 % 1 .0 9

6/ Khartoum-Port Sudan 5.55 1 2/ Khertoum-Port Sudan 5.55Handling 0.40 Handling 0 .4 0
Total 5.35 Total 5.95Cost share 20 dto 1 . 1 9 Cost share 20 % 1 . 1 9
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The above calculation snows the economic implications of 
each site, but does not tell the whole story. The selection 
of the .08t suitable site nusv take into account 
transportation of any sort is tae bottleneck of et-ery industri­
al development and has to be kept at a minimum in order to 
make a project viable. If the transportation task is evalu­
ated in t/kra, the following picture is obtained for the five 
potential sites:

OOC^t/km
Location Katire Hears .Vau Juba Khartoun
Hauling 375 500 375 375 375
Log transport by road - £13 2,075 813

by rail /..au-Kherfcoum/ 18,725

Plywood transport
by road 648 1,875 - - -
by rail - - 3,003 - -
on file 5,370 5,376 - 5,370 596
exports 567 56" 567 567 567

6,360 o,395 21,070
This chows that au and Katire are! the sit en wish the

smallest end cheapest overall transport. A larger coat end 
a larger volume of transport is involved by selecting the 
Nz8ra end Juba site. Ab to the site in Khartoum, though 
economically it still seems to be a possibility, it is not 
feasible technically. The railway line from wau to Khartoum 
could not handle this volume of transportation.

Communications between forth and Couth
It should be noted that the weakest link in all the chain 

of transportation is always the connection between the forth 
and the South of Sudan. There are practically tv/o lines of 
communication: the file from Juba to ¡iosti, end the railway 
line from .Vau through Babenousc to Khartoum. It is difficult 
to cay which means of transport is less; efi ici'-ns end less 
reliable and should therefore or avoided. Both trenrportstion 
lines are in very poor state.
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Theoretically, transport iron Juba to Kosti down the Kile 
takes 6 days, to Khartoum 10 days; upstreem the duration of 
transport should be 10 days from Kosti, 15 days from Khartoum, 
But practically it takes weeks and months to get rich needed 
supplies through this route, Maximum lifting capacity of crane 
is 30 t in Khartoum Korth, 10 t at Kosti and 5 t in Juba, But 
the army and the Mechanical Transport Department in Juba hsve 
cranes of over 20 t lifting capacity. There are no storing 
capacities at Juba and the handling of goods, both loading 
and unloading, should be done by the owner of commodities.

Railway transport from the South to Khartoum would seem 
to be faster than on the Kile, since it takes e train 3 to 
5 days to travel from Khartoum to Wau, But the team leader 
had the pleasure of drinking beer in .7au which took two and a 
half months to come from Khartoum,

There are no loading or storage facilities in wau. Loading 
and unloading should be done by the owner of goods. There is 
no waggon scale, consequently freight rates are charged for 
a 16 t load v/hatever the real load is. The railway extension 
from Babanouaa to .Van was built in the I960 s with haste and 
is probably the weakest and least efficient link in all the 
network of Sudan Railways,

Both communications, the railway end the Rile, are fully 
loaded on the way from the Korth to the South, In the opposite 
direction, from the South to the north, most railway cere and 
barges go empty. 'This one-way traffic favors the location of 
any industrial plant in the South since it helps to utilize 
better the return movement of vehicles by sending its output 
to the consumer centres in the Rorth.

For the time being no radical improvement in either Kile 
shipping or railway transport can be expected, /herever live 
plywood plant will be situated, serious trouble must be 
anticipated arising out of the long and unreliable transport 
connection between north and South Sudan. It would be 
therefore as3enti8l to pledge the Government*8 support to 
this industrial development and assure the granting of a high 
priority and negotiation of special agreements with Sudan 
Railways /or the River Transport Corporation/ for ell transport
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connected with the establishment and operation of the ply­
wood mill*

Road traffic
Another major concern in establishing a plywood mill is 

the inadequate and unsatisfactory infrastructure of the 
Southern Region especially with respect to road communications. 
There are in Equatoria and Behr-el-Ghazal provinces five main 
road links /called in Hichelin's map "partially improved 
roads"/ which are said to be all-weather roads:

Juba - Torit - Kapuete - Kenya /last section inconstruction/
Juba - Nimule - Uganda
Juba - Yei - Zaire
Juba - Maridi - Tumbura - Wau /leading also into the

Central African Republic/
Juba - Rumbek - Wau.
All these roads could be also of importance for a ply­

wood plant. But economic transportation on these roads would 
require:

- considerable road improvement by investment
- better ro8d maintenance
- replacement of the ferry operating on the Buseri river 

by a bridge
- more training and control of drivers and maintenance 

mechanics
- better maintenance of vehicles.
Consequently, when using rosd transport, the following 

precautions should be taken:
1. Transport should be concentrated as far as possible 

into the dry season, and restricted during the rainy season.
2. High priority should be given to road improvement snd 

maintenance.
3. A speed limit should be set up and the time of de­

parture snd arrival of lorries checked by control posts.
4. The training of drivers and maintenance mechanics 

should be intensified 3nd improved and, when necessary, 
expatriate instructors should be hired.

5. More attention is to be paid to the supervision end 
control of drivers.

6. Maintenance of vehicles should be better organized.
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Conclusion
From the viewpoint of transport Wau is recommended as 

the best site for a plywood mill for the following reasons:
- Location of the plyv/ood mill in V/eu results in the 

smallest volume of oveiall transport of logs and plywood
- Logging in the Wau area is the cheapest and the cost 

of logs at the factory yard is the lowest of all alternatives
- The site in V/au has the advantage of reducing road 

transport to a minimum
- Communication with the Korth of the country is cheapest 

by the railway.
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5 T h e  P l a n t

Basic .-ate
The plywood factory in ¡¡Vau should have an output of

5,000 m3 of plywood sheets per annum based on one shift 
operation, corresponding to the smallest economically feasi­
ble production capacity of a plywood plant by internationally 
accepted standards. Such a size of production is justified 
by the full utilization of machinery on the one hand and by 
the feasible distance of log transport and corresponding log 
supply on the other hand.

The rate of utilization of timber in plywood production 
depends mostly on the quality of timber and the skill of the 
workers and may vary between 40 and 50 ii. For the tfau facto­
ry it is put at 45 % for the next four to five years, but 
later tnis rate of utilization may rise to 50 ‘,T as v.orlcers 
shall learn how to process first class raw material to best 
advantage.

The expected rate of utilization of 45 /- represents a 
requirement of 2.22 m3 of logs pez* m3 of plywood, or an 
annual imber consumption of 11,100 m3 of peeler logs in 
order to operate the factoz’y pt full capacity.

It should be noted that the amount and quality of timber 
supply available in '.Vau would permit, besides plywood pro­
duction, also an additional production of sliced veneer. In 
this way logs of highest quality and large dimensionf es­
pecially over 120 cm diameter, could be utilized to beet 
advantage, especially for exports. Approximate cost of pro­
duction for sliced veneer are given in Annex 5/A, Data on raw 
material end market will need further study,

7/ith 275 working days a year /recommended by the Regional 
Ministry of Industry as the usual approach in the Sudan/ the 
daily output averages 1£ m3 of plywood, corresponding to a 
daily consumption of 40 m3 of logs.

The log supply is expected to be composed of the follow- 
ing tree species:

t



Jr*.G -

.'uiaya sene.', a lens is 67 h
2 fzelia africana 10 if
ioniella oliveri 10 %
Isoberlinic. doka 10 h
ficcellenous 3 %

100

The expected structure of plywood sheets derived from
the market survey is composed of
3 mm thick plywood, cite 122 x 220 cm 1,300 m3
4 mm thick plywood, size 122 x 220 cm 700 m3
3 mm thick plywood, size 122 x 183 cm 1,200 m3
4 mm thick plywood, size 122 x 183 cm 300 m3
5-10,0 6 nan thick plywood, size 122 x 220 cm 500 m3 
15 mm ¿hick //BP plywood, size 122 x 1C3 cm 1,0CC m3

T o t a l  5,000 m3
The 3 end 4 mm plywood sheets are intended for furniture 

production. The 10 mm sheets shell serve mainly for furniture 
sections replacing the uneconomic use of mussiv wood 
/cupboards, couches, shelves etc,/. Water and boil proof ply­
wood /V/BP - BS 1203:1954/ should be U3ed, in the first instance, 
as a replacement cf imported coniferous sewnv/ood as shuttering 
in construction. Ore m3 of waterproof plywood can replace at 
least 15 m3 of coniferous sewnwood in shutterings.

for the cores of 1C and 15 mm plywood sheets Isoberlinia 
uoka /Vub^ ehould be used.

Technology
In planning the plywood plant the following principles 

were applied as guidelines for establishing preferenciess
- wherever possible to select equipment and procedures which 

provide employment to the greatest possible number of people, 
a3 far as economics justify such a selection

- to avoid expensive equipment and procedures which would 
represent a heavy drain on foreign currency resources

- to plan simple end "foolproof” equipment and procedures 
whicji are easy to handle and do not require very high skill 
and training.
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ihe main pieces of equipment in a plywood plant are the 
log peeler, the drier end the press. For complete list of
equipme'it see Table 5.

She peeling machine should be able »o process logs of 
130 end 230 cm length. i'h3 feeding should be done by 0 mono- 
rail with an electric hoist, but logs should be transported to 
the peeling machine by carriage and the reeling of veneer 
should be done by hand.

A drier of higher capacity has been selected in order to 
operate in one shift only and to have thus the option of using 
it in a second shift for drying sliced veneer which remains 
a promising possibility.

For pressing, a pres3 with platen sizes of 2,600/1,300 
mm with manual loading and hydraulic lifting table is recom­
mended. This dimension enables the pressing of all plywood 
sizes and - v/hat is of special importance - retains the 
option of producing partitions covered v/ith sliced veneer 
lor appertment interiors /required length 2,400-2,500 mia/.

The whole production process from the spreading of glue, 
the assembly oi plywood and pressing can be organized also in 
an automatic line, the whole equipment being controled from 
the press. The price of the whole automatic line is around 
/id 250,000, but investments of this order of magnitude would 
be economically not justified in the local conditions in 
Southern Sudan and for the small capacity envisaged.

As to glue, for plywood sheets used in furniture produc­
tion urea formaldehyde in powder form as well as a hardener 
is most advantageous both from the viewpoint of transportation 
and storage. Adhesive in liquid form cannot be recommended 
because of short shelf life end higher transport cost. For 
2£P plywood only phenol formaldehyde in foil form should be 
considered because liquid phenol-formaldehyde glue has a still 
shorter shelf life and its transport la expensive and risky.

The production process of plywood shall be organized as 
explained in detail in Annex 5/B,

Flue plywood plant in ./au should be situated near the 
railway station adjoining the ¡/au Training Sawmill v/ith which

t
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it shall have the log ysx*d in common. ‘This close neighbour­
hood will facilitate cooperation between the two plants end 
integration oi' production with respect to
- the selection of peeler logs from among the saw logs de­

livered
- the utilisation of sawmill waste in the boiler of the ply­

wood plant
- the conversion of peeler log cores into sawnv/ood at the 

sawmill
- the use of expensive equipment for maintenance and repair
- eventually the use of a 3tsnd-by generator.

Data on material and energy consumption are contained in 
Annex 5/C, and the calling for tenders is given in Annex 5/D.

Construction
The lay-out of the main operational building of the ply­

wood plant shell be 150 x 24 m. The building shall be enclosed 
so as to prevent rain end weather influences to enter the 
spec© end to protect the plyv/ood against fluctuations of rela­
tive air humidity. A skeleton construction with brick v/all 
shall be used. The building contains the production hall, 
maintenance shop, the grinding shop, the compressor station 
laboratory, glue store, and the store for spare parts.

Next to the main operational building is an administra­
tive building, with a 200 m2 ground-floor. It contains the 
offices of the management end administration personnel.

The building for the boiler, measuring 150 m2 contains 
in the front part of 6 x 9 m the circular saw for crosscutting 
the wood waste and the hogger.

Four steaming vats with dimensions of 12 x 3 x 3 m shall 
be made of concrete with stone cladding /concrete alone and 
brick are not 8 suitable material/ in such a way that to a 
depth of 2 ra they will be sunk in the ground and with 1 m 
they will protrude above the ground. Inner equipment and 
covers are given in the price of the machinery.

Hygienic facilities are dimensioned for 130 people, half 
of them«being men and half women. These facilities comprise
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lavatories, showers, water-closets and a dining-hall. Total 
required space is 300 m2.

Ir the timber yard which shall be in co-amon with the 
'.Yau Training Sawmill supporting poles under logs should be 
provided.

All other construction and. its cost are given in 
chapter six.

Training programme
Before the installation of the machinery of the plywood 

plant suitable workers chosen very carefully from among oper­
ators in the Y/au Training Sawmill or in other sawmills of 
Bahr-el-Ghazal province should be sent abroad for training to 
the company which will deliver the plywood eqipment. This 
practical training in operation in a plywood plant should com­
prise the professions of the lathe operator, of the dry-oper­
ator and of the press-operator and last at least six months.

The foremen and operators of other equipment will be 
instructed how to operate equipment in Y/au during the as­
sembly of the plant under LLs guidance cf fitters of the 
supplying company. Besides that, a practical training end 
instruction course should be arranged during the assembly of 
the plent about production technology and the servicing of 
equipment. This course should be attended by all workers of 
the future factory. The training and instruction should be 
given by the specialist who will be in charge of management 
during the running in of operations and in the starting peri­
od of production, until this position can be filled by his 
counterpart whom he will train#

During the assembly of the plant maintenance workers and 
the crew of the boiler should be already assigned to their 
respective Jobs in order to become acquainted with the e- 
quipinent. They should be chosen from among experienced workers 
with adequate qualification#

In the first two years of operations two expatriate 
experts /one for technology and the other for maintenance/ 
should tfe hired in order to control the running in of the 
plant and to complete the training of all peraonell#
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Por the future Sudanese technical staff for the plywood 
mill - and for the sawmilling and woodworking industry at 
large - should be trained in a professional woodworking 
education centre at secondary school level which could be 
established in Soba.

In another development the college training and education 
of professional staff specialized in the woodworking industry 
should be envisaged at Khartoum university. This stud’' could 
be closely linked with the forestry or engineering curriculum 
by adding lectures on wood and its processing during two 
semesters to the extent of 5 hours and exercising to the 
extent of 2 hours. This training should be entrusted to an 
expert with educational experience and a good knowledge of 
African tree species. The existing woodworking industry in 
the Sudan would greatly benefit from this improvement in 
college training.

j
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6 Economic and financial evaluation

Sales forecast
The structure of the potential market is specified 

in details in the chapter dealing with the marketing 
aspects of the project# In this summary, the calculation 
of sales value is made under these assumptions:
Sales /in m3/

Ex factory
Ubvl

Khartoum
wholesale

Khartoum
retail

Total

3 mm eoo 500 1,200 2,500
4 mm 300 200 500 1,000
5-10 mm 200 100 200 500
15 mm 200 200 600 1,000
Total 1,500 1,000 2,500 5,000

Selling prices /in ÏC per m3/
Ex factory

ÏÏ3U
Khert ourr. 
wholesale

Xhartoum 
retail

3 mm 168.0 160.0 198.0
4 mm 141.0 153.0 171.0
5-10 mm 135.0 147.0 162.0
15 mm 137.0 149.0 164.0

The expected structure of quality grades and the details
as t o the calculation of average selling prices are given in
Annex 6/A •
Sales revenue /in 1.000 ZS/

Ex factory 
Wau

Khartoum
wholesale

Khartoum
retail

Total

3 mm 134.4 90.0 237.6 462.0
4 mm 42.3 30.6 85.5 158.4
5-10 mm 27.0 14.7 32.4 74.1
15 mm 27.4 2 9 .6 98.4 155.6
Total 231.1 165.1 453.9 850.1
Average selling 
price /in JtS per
m3/ , 154.1 165.1 181.6 170.0

The above indicated level of sales revenue is assumed 
to be reached in the 4th operating yesr, the amounts of

a
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sales receipts in the first three operating years to the 
start-up period are quoted in Annex 6/A,

Investment costs
The delivery of the plant should be contracted on 8 

turn-key basis# While the investment cost of the production 
machinery and equipment ere calculated as to be paid en­
tirely in foreign currency, the construction works and the 
deliveries of transport equipment and furniture are planned 
to be fully sub-contracted to Sudanese suppliers.

Detailed specifications /with the necessary technical 
data and price quotations/ for the production machinery and 
equipment are given in Table 5 /see page 123/# Other details 
concerning investment costs are mentioned in Annex 6/B.
Summary of investment costs /in £S/

Foreigncurrency
Local
currency

Total

Production machinery and
equipment 516,310 142,170 658,480
Transport and office
equipment - 61,600 61,600
Construction v/orks - 277,000 277,000
Preliminary expenses 22,000 92,600 -r* o o

T o t a l 538,310 573,370 1,111,680
Permanent working capital /in XS/

Foreign Local Total
currency currency

Spare parts and technical
material /3 % on the cost of 
production machinery and 5 /<- 12,980 4,590 17,570
on the cost of vehicles/
Production materials
/1 % on the cost of pro- 4,330 1,100 5,430
duction machinery/

Stock of raw material
/for 3 months/ 35,800 35,800
Stock of 8dhesives 15,000 500 15,500
Wages and salaries
/approx.4 months wage bill/ - 15,000 15,OoO
Provision for cash - 20,000 20,000
T o t a l 32,310 76,990 105,300
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The break-cl own into local and foreign currency re­
quirements is made in order to furnish data for the macro­
economic evaluation of the project.
Total capital requirements /in ZS/

Foreign Local Total
___________________________ currency currency
Investment costs 538,310 573,370 1,111,680
Permanent working capital 32,310 76,990 109,300
T o t a l  570,620 650,360 1,220,980

Plan for financing
During the stay of the working team in the Sudan, the 

governement authorities were not prepared to specify the 
expected sources of financing the project. To enable a rough 
preliminary assessment of the impact of financial charges on 
the profitability of the project, a potential solution dis­
cussed with the Industrial Bank of Sudan and the Sudan De­
velopment Corporation has been adopted. It is assumed that 
the project should take full advantage of credit possibilities 
offered by the Industrial Bank of Sudan under the following 
conditions:
- the applicant is required to contribute at least a minimum 

of 1/3 of the total cost of the project,
- the maximum loan can not exceed US 700,000,
- loans are granted for periods not less than 2 years and 

not exceeding 15 years} the Bank normally grants a reason­
able period of grace before commencement of re-payment to 
permit completion of the project,

- the current rates charged by the Bank are y„5 % on medium^ 
term loans /2-6 years/ and 8.5 % on long-term loans /6-15 
years/ for local currency end 9.5 % on foreign exchange 
loans.

Besides the credit from the Industrial Bank of Sudan, 
it is assumed the supplier of the production machinery end 
equipment may grant a medium-term loan covering approx. 40 % 
of the v^lue of production machinery.
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Summary of sc-trees of financing
ZG Interest Payable in

Equity capital ¿00,000
Supplier’s loan 150,000 9.5 5 years
long-term loan /1.3.3./ 400,000 8.5 % 12 years
I.lediuia-tem loan /I.3.S./ 249.3CC 9.5 % 6 years

It is assuued that the commencement of repayment of 
the loans from the Industrial Bank of Sudan may be postponed 
as it is to be seen in the re-payment scheme /see Annex 6/C/#

The simulation of the financial position of the plant 
during two years of construction and 15 years of operation 
is shown in the cash-flow forecast /see Annex 6/D/. The re­
placements of the equipment will be paid from the film’s cash 
reserves.

Estimates of costs and profits
Operating; costa
The running-in period is assumed to cover the first three 

years of operation. In the fourth operating year, the full 
capacity of 5»0GG m3 has to be reached with the corresponding 
full level of operational costs resumed in the following table:

ZS
a/ Raw material /peeler logs/

11,100 m3 x ZS 12.90 143,190
b/ Urea formaldehyde adhesive

200 tons x ZS 190.0 38,000
c/ Technological flour

36 tons x ZS 100,0 3,600
d/ Phenolic foil /Tegofilm/

600,000 m2 x tS 0.033 19,800
e/ Electrical energy

942,700 kVih x Z3 0.035 32,995
f/ Water

27,000 m3 x ZS 0.04 i , o e o

g/ Repairs and spare parts
2 % production machinery,
5 % on vehicles and 1 £ on construction works 15.050
Carried forward 253,715
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h / Coiisuii.ptie n  oc t e c h n ic a l  :..s t e r i s l c  

/1 ool>o | C •/
1.5 5 or p; och e „ion machinery 

1/ Insurance
0.2 on buildings and machinery,
0.5 & on stock of plywood and 5 a 
on vehicles 

j/ Wages and salaries
/details are ;;iven in Table 4/ 

k/ Social security
- obligatory /a simplified calculation 

of 10 /j on the v/age bill is assumed/
- facultative /covering risks not insured 

by the state social security scheme in
the renge of 5 5 cn the wage bill/' 9,32c

1/ Transport costs
3,5GC m3 of plywood sold through 
Khartoum section will be transported by 
railway
3,500 x %S 10.9 36,150

m/ Sales expenses
5 % on the value of sales in ex factory 
prices 38,500

n/ Plant overheads, administrative 
expenses, etc.
10 % on operating costs /excl.transport
cost and sales expenses/ 34#150
T o t a l 452,295
Contingency /approx, 5 /V 22,500
G r a n d  T o t a l 474,755

Taking in consideration the lower output in the first
three operating years of the running-in period, the calculation 
of the cpnsiotent levels in the operating costs was made in 
Annex 6/A.

8,130

7,810

62,460
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Profits rr.d C-nation
Table о showirg the annual operating accounts ior the 

wncle ; eiioc of lb years of operation analyses the development 
of sales revenues;, operating end ot;.er working costs, gross 
profit and пег profit /се.- cage 49/.

The calculation of the net profit is race under assumption 
that en exemption fi*om payment of profit tax will be granted, 
according to tae industrial investmei t regulations, for cue 
period of the first 5 years. Beginning from the 6th operating 
year, the noiraal rate of 60 of the profit tax is planned to 
be delivered to the Sudanese financial authorities.

The loss of the first year covered by profits of the two 
successive two years indicete that liquidity problems may be 
faced at the beginning of operations /the financial solution 
can be seen in hrnex G/L>/. However, starting .'ith the fourth 
year of operation very massive inflows of annual net profit 
will contribute to the fast increase of cash reserves.

Commercial profitability of the ro.ject
The commercial profitability oi the plant is naturally 

highly depending on the pricing policy. Though the estimates 
of prices have been made with the objective to enable the 
maximum promotion of the local market, reducing present orice 
levels by more than 50/, the level of profit shov/s very 
reasonable margins ea can be seen from the following profit­
ability ratios based on data of costs end profits of an average 
year /arithmetical mean from the time aeries of 15 operating 
year»/:______ _______________________________________ ___________

rate of 
return es 
ratio of

profit bef. tax and depreciation 
investment 25.3 %

profit after tax a, bef. decree, 
investment 16.6 %

pay-back 
period as 
ratio of .

investment
profit bef. tax and depreciation 4 years

investment
profit after tax and bef. deprec.

6 years
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up 2T••• vn? cntr / 'ji JL0/

V. о era tier. ŝle;- V-' 4- *3 jJa t jepi х-latici- Interest lotal Or of It ''los: /
раЭГЗ receip t:;  ̂OS u" 3 paiù expenses oefore rs::
1 420,10. 339,150 116,410 76,749 532,309 - 112,203
¿1 o i i , 'J 00 432,390 Ilo,410 74,391 630,191 49,709
-*)s> 772,000 470,815 116,410 68,067 654 ,692 117,606
4 ¿L 5 C у ^ 474,795 116,410 59,404 650,609 199,451
5 158,100 474,735 116,410 49,933 641,138 206,962
О 850,10C 474,795 93,610 39,589 607,994 242,106
7 850,ICC 474,795 23,610 31,997 600,402 249,698
8 850,100 474,795 93,610 23,693 592,098 258,002
9 850,100 474,795 93,610 21,077 589,482 260,618
10 850,100 474,"35 93,610 18,610 586,644 263,456
11 850,100 47't-, 79*3 23,ol0 15,160 583,565 266,535
12 850,180 /",1 '■OC*'■ * " » - - 11,812 560,224 269,676
13 ; 5'.’,20‘.> 174,735 23,610 8,194 576,599 273,501
14 ! 58,1- , 474,72 5 83,610 4,261 572,6 6 6 277,434
13 850,10., 474,795 93,610 560,405 261,635

S E C T I O N  1 I
« . tiMinnwiFii nwfiiifmniin,тэнгз»цу»иш ш-1 ’■
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¡ble 6

interest 
paiu

rotai
expenses

iront /l0S:.-/
beforo tsx

Otmx.lative profit bef. 
tax

fax on 
profit iiet

profit
Cumulative 
net profit

76,749 532,309 - 112,209 - 112,209 - - 112,209 - 112,209
74,191 630,191 49,709 - 62,500 - 49,709 - 62,500
61,067 654,692 117,806 55,308 - 117,806 55,306
59,404 650,609 199,491 254,799 - 199,491 254,799
49,933 641,138 206,962 463,761 - 208,962 463,761
35,589 607,994 242,106 705,867 145,264 96,642 560,603
31,997 600,402 249,698 955,565 149,819 99,679 660,482
23,653 592,098 258,002 1,213,567 154,801 103,201 763,683
21,077 589,482 260,618 1,474,185 156,371 104,247 867,930
16,610 586,644 263,456 1,737,641 158,074 105,382 973,312
15,160 583,565 266,535 2,004,176 159,921 106,614 1,079,926
11,619 580,224 269,876 2,274,052 161,926 107,950 1,187,876
6,194 576,599 273,501 2,547,553 164,101 109,400 1,297,276
4,261 572,666 277,434 2,825,987 165,460 110,974 1,406,250

568,405 281,625 3,106,682 169,017 112,678 1,520,928

I  S E C T I O N  2
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iuoro cats concerning the profitability of the project 
can be found in Annex 9/3 comprising, b said os several wore 
profitability ratios, the calculation of the internal rate 
of return and the break-even analysis, The results of these 
calculations emphasize still more the above stated conclusions 
regarding the high commercial profitability of the project, 
though at the same time plywood prices are being reduced very 
deeply below their present level*

The sensitivity analysis inquiring into the potential 
fluctuations of sales revenues, operating costs and investment 
requirements Indicate the very strong positon of the projected 
home-produced plywood when compared with imported plywood sold 
on the Sudanese market. It confirms once more that changes in 
prices might have the most important impact on the level of 
profitability and demonstrates the really wide and safe limits 
for the future pricing policy ef the plant/for more details, 
see Annex 6/1/•

/.acro-economlc evaluation of the project
The establishment of a plywood mill in Wau with an annual 

output of 5,000 m3 of plywood would bring the following benefits 
to the Sudan:

1. The annual import of plywood in the range of 2,500 m3 
valued at some jtS 500,000 could be stopped immediately and 
replaced by smaller imports.of adhesive resins; the yearly net 
savings of foreign currency /both from import replacement and 
potential exports/ will fluctuate in the limits of US 0 800,000 
to 1,000,000 as can be seen in Annex 6/G.

2* Domestic consumption of plywood could be almost doubled, 
thus helping to alleviate the existing shortage of building 
materials and expanding the manufacture of furniture* In places 
where modular construction is accepted imported coniferous 
eawnwood used for shutterings could be replaced by plywood sfid 
thus sawnwooa imports could be reduced and additional foreign 
currency saved.

3. The current weste caused by using timber of peeler 
log quality of mahogany and other valuable tree species for 
inferior purpose would be largely stopped and a rational 
utilization of the country's timber resources encouraged*
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4. forestry in the inl'lur nrec of the plywood mill would 
be encouraged to convert nature1 forests to plantations, to 
intensify forest management and to develop training and 
research, activities in forestry.

5. By establishing a plywood plant in the Sudan, tech­
nical progress in the industrial development of the wood 
processing sector would be assured, This would be especially 
felt in furniture production and in the building industry.

6. The establishment and operation of a plywood plant 
would provide justification for infrastructure improvements 
and stimulate public investments /roads, electricity etc./.

7. Substantial financial returns could be expected 
from a well managed plywood plant, creating revenues in the 
form of 3tumpage, taxes, interest and profits.

8. In assessing the social benefits of the project, the 
major aspect, however, to be considered is that of employment. 
The direct effect of the implementation of the project will be 
to provide employment for the people both in the plant itself 
and in logging and forestry operations. Besides, the spending 
power generated from wages and salaries will tend to increase 
employment in other sectors of economy as well. At the same 
time, the skill of the lebour force would increase by training, 
social benefits customary in industrial plants would improve 
the social standard and a higher social standing would be 
achieved for all the staff and workers of the factory.

An attempt to give an aggregate view of the balance between 
social benefits and social costs is shown in the social costs/ 
benefits analysis /Annex 6/G/.

Another persuasive indicator of the significance of the 
project for the national economy of the Sudan is the high level 
of the value added /see Annex 6/G/.

But the establishment of a plywood plant in the Sudan 
is also e challenge, Ko false hopes should be raised by 
implying that this venture is going to be an easy task. O^ly 
able planning, efficient management, harmonious cooperation, 
and an earnest endeavour can bring the desired results.
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.hi -• find i : of thl ; i cusibility study can b>; summed up
follows:

1. .hore ir in tlr.1 -I'd an •• oufiicieuu ir-neui&io market 
outlet ihr the output of a 3»th~ ■.:} plywood plant, and once 
local production i-_ staruwd iv cur; oo uaiol- assured that 
demand v.dll double ir about five years.

2* lucre are sufficient timber reecurcos in the 
Southern Megion for the establishment cf several plywood 
plants of this capacity, using annually 11,100 m3 of peeler 
logs. -rises3 could be 1 oca.tee ir. ,/au, in tr.e Imatcrg, and in 
haarc.

3. • u e  r o o o :  mended to f o r  Ot caolirhin the f i r s t  p iy -  
v:oog pluxit is  P " .

.. . . . ij \ . ' h , b, ' i;J e x  ai-'-i-t in au
jE oOe. ■' . cai'; ru e '..cox. .ideally •...-e.

t .  u . r l y  • l x  . i u. . ]/' uu' * -ir. cutting
the i;;x ert i.y r r:i_o Is t;h<j . .nhi  ly •-■re hum ..e l f  and 
yet s t i l l  oe Highly yz-oi ; ti,ole and bring imporg.mt soc ia l  
benefit,; and gains < : o  hue national economy.

In order to carry out successfully this project, the 
following recommendations should be observed;

heconmonda felons to the j pres try bepartment:
1. In aerial sui vey of the timber resources around ,»au 

should be carried out with all possible speed.
2, A forest Inventory and logging pirn for the influx 

ares of the plywood plant should be prepared, possibly with 
multi late. al or bilateral aid.

>. lix order to prepare for the impending industrial 
development tt is reaott.ondod to establish e rtuwyage fee 
for peeler logs, to examine the advisability of reducing 
the present girth limit, to train the forest staff in 
peeler lory selection and to take ether steps /as decla­
ration t>f 1 orest reserves, intensification of afforestation, 
inquiry into the possibility of softwood plantations etc./.
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4. Since «He establishment of e second and uhird plant 
ray is soon necessary to moot der.r.na ior plywood, sswnilling 
capacities should be installed in the Imato;.;j mountains and 
in the ¿-.sara region to promote future integration v/itn ply­
wood. production and to enable c balanced exploitation of 
forests for both saw logs and peeler logs with the suc­
cessive conversion of natural forests into plantations.

Peconu endslions to the liinistry of Industry:
5. A close institutional cooperation between the ply­

wood mill anc the Ioreotry Lepartnent should be established.
6. An inquiry should be made into the possibility of 

sliced veneer production, both from the raw material and 
the market point of view.

7. An effort should be made to promote the use of 
locally made plyv/ccd by eonformim; its quality to inter­
nationally accepted standards, 'o this one legislation 
should be passed to establish a national standard for 
Sudanese plywood.

liecommendctions to the Kanager of the Jaw Factory:
8. Training of the three key .operators /on lathe, drier 

and press/ should be arranged abroad for at least six months 
each and foremen and workers should be acquainted with 
equipment in the plywood mill during its installation.

9. Training, instruction and control of drivers and 
maintenance mechanics should be organized in order to 
prolong the life-time of vehicles.

10. To assure as low a cost as possible to the end users 
and thus promote the use of plywood in the Sudan end increase 
its consumption direct retailing should be organized by the 
factory by setting up marketing channels both in Khartoum 
and in Kau.

Keconmendelions to the Flcnning Commission:
11. The development of infrastructure in the Wau region 

should receive a high priority, especially with regard to 
the replacement of the ferry on the Buseri river by a bridge
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8nd to the reconstruction of the nags road. This r.70uld open 
up forests for economic logging.

12. /> secondary technical school specialized in teaching 
woodworking subjects should be established in 3oba and 
lectures on woodworking industry 3hould be included in the 
forestry and/or civil engineering curriculum at Khartoum 
University.

13. In order to speed up industrial development inter­
national assistance is required for carrying out a forest 
inventory with logging plan in the surroundings of V/au. 
Multilateral aid could be provided best by UKIDG, or even 
by FAO. liecessary aid could be obtained also on a bilateral 
basis.
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1/A Conditions of Field .York

It should be rioted that the tiding of the been s 
visit to the Sudan, with respect to the field helps, 
v/ss ill chosen. The months cf July, August end Septe-.i- 
ber, during which the team staye** in the Sudan, ere the 
peak of the rainy season which, in the South of the 
country where the forests had to be visited, is quite 
pronounced.

This has been apprehended by the team beforehand and 
Polytechna pointed out to UITIDO the inadvisability of the 
team's departure to the Sudan in the summer period.

Accordingly UhlDO put the question of the timing of 
the team's visit to the Sudan to the Government in Khar­
toum which requested by cable the team's arrival "early 
July". This request has been complied with, but the actual 
field work of the tear, was greatly hampered by its ill- 
tfried arrival.

First, there is much rain in the So’f-h of the 'an
at this time ol the year end frequent downpours mannered 
an inspection of the forest, indeed v/hc-lo days may be lost 
because of lasting heavy rain.

Second, the grass of the savanna forest grows very 
tall in this season of the year, it often exceeds 2 m  in 
height and consequently any view of the landscape is lo3t, 
both when travelling by car, or walking on foot in the 
forest. Incidetally, this circumstance is also a source 
of danger from wild animals since inadvertently one nay 
bump into elephants or buffalos at close range so that 
they may charge.

Third, oil water courses are at high water levels, 
the bottom land of valleys is flooded and prevent any
passing through the forest, eilher by cor or or ,r» .

X O b .

lourth, treveliin r * wh*’*O * w 1 " s !: ir .0 of b lie year is
exceedingly difficult; because Of the Trr<) :;ia t  w c l y ends
Roads are never in too good a : hope in ..is part 07 the
country, not even •■nc main roeis connecting the 70St irr.



port eat population сеехх ssj lux during the rein- season 
xl-ey ;;. •_ \ ...j v tx ir  wc:::-: tro.:':. ic or. then

'ii _L/1 с -i •
- ftxn ?■.' -i. . . . у  -v • ;• : . ru'd.-. .fj onx'rem
•со ¡.xcvoiu *. . x teu ; ■. c g^d by i:offie. Flood v.'c cei-s 
со use ofte*. Pc:..- ̂  j to crib у-s ore. асу cut road ecmoc c ions 
_ or г vox у long clue. _..:e roads ore slip рогу, washed out, 
lull of deep mud holes ana sometimes the car nap yet stuck: 
ir: mud or le:.i ir the оitch* ¿11 this involves many nari- 
ohips for the traveller era prevents eflective work. at 
this tiw.u of the year.

‘fo cite or example of how difficult it is to see 
г loreso, indeed to show that it nay be sometimes irpossible 
to reach it during the- rair.y seas or, the expert 'a attempt 
to ,;o to hr. go nay so . tier: ad, fie 'crests in the Kayo area 
have .-o-jr ir: f .с по; j; 1 h<: Lix-xc r . r  ¡.f i n  fore sir; ..epert- 
.....'.X . . .....c - .. iu.. , x*. a .. . ■■. ct. '.i. j.j.. a, l. ~ Oj..'-- ot j..e
i ' i : '  S o -  ■ .. J. w . f/ . _ r  a  f -*■: ■ . 1: . j. ‘ >—l  ̂ i 1 v  i  . n  'X j i . ij x ^ t , )  о  ¡/ e  r ^

off ore "o j macro b; i-.e t-зу ¡..-let d~..’ . о see Jhis site, /.iter 
a first c-ttenet to reach .ay: .¡.ailed tor lack of fuel and 
also because time was yettiny short, the expert returned 
to feu a second time to reach this site. It took seven 
days of preparations to start on the trip to Raga. Fuel 
was obtained by applying for help to the Commissioner of 
the Province, F. car was provided for by the Forestry De­
partment by ordering a five ton lorry from a logging 
operation 150 !ra distant to Wau. Finally the expedition 
started on its 300 kr. trip to Paga - only to be back in 
.7au the same day: the bridge over the Ponyo river has 
collapsed ar.d there was no possibility to cross the flooded 
river for at least a month, Co all "hut could be cone was
to collect hearsay informations from ;oreut staff origi­
nating from the Ruga area and try to establish by cross- 
examination what the forest resources of Raya really are.

There is always au enormous lac card in the rainy 
oeason to oe trapped somewhere ix. the South for days and 
for weeks, if not for months, in remote regions.
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The trip to the Sudan v/as ill-timed also for another 
rescon* The L'.oslem month of Ramadan t'alle in 1975 in 
most of September end early October, when ell activities 
are reduced, if not suspended, borfcing hours in all office 
and institutions are shorter than usual and people arc 
e:±iausted by fasting*

This was especially felt during the teatr.-lor.dor s 
stay in Egypt. Out cf seven days spent.in Cairo, two days 
were taken up by arrival and departure. One day was Friday 
and one day hid el Fitr. In the three remaining days work 
could be performed only from 9.30 to 12.30, but many7 in­
stitutions, including uîIDP, were closed on Thursday, and 
some even on the other days, as a consequence cf Ramadan.
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l/£ liel of ¿-eople Contacted

J- .l io Ji lx -i i ¿i- . .0 1 , ... Lo v X .. U uj tj . j , ilLu_ C Ux.:
¿enhuri, Mini?: t rj of Industry, Khartoum
i!..;xn Abu Sir.eina, Deputy I sinister of Industry,
Khartoum
.Abdel Rahman Abdel Halim Obeid, Director of Indus­
trial Research and Consultancy Institute, Khartoum
Kamel Osman Kalifa, Director of Forestry Department, 
iChar t oum
ICamal Hasan Badi, Deputy Director of Forestry De­
partment, Juba
Hamza Ilenudi, Utilization Officer, Forestry Depart­
ment, Khartoum
Peter Kazia Rusum, Conservator of forests, Dquatoria
Baipath Liajvec i.ilpou, Conservator of Forests, Dah"’- 
el-Gha za1
All Xandidu, Acting Assistant Conservator, Yamoio
Philip Adam, forestj’y Department, Juba
Valentino Heir: Julimka, -forestry department, Juba
David Bassiouri, Lirector, Regional ministry of Agri­
culture , Juba
Daniel Matthews, Director, Regional Ministry of Commerce, 
Industry and Supplies, Juba
Cuor Deng Mareng, Inspector, Regional Ministry of 
Commerce, Industry and Supplies, Juba
Michel Hyland, Deputy Resident Representative, UHBP,
Khartoum,
Miguel 3ermeo, U1IDP, Khartoum
F.Astolfi, in charge of the U1IDP sub-office in Juba
Peter Bood, Adviser, Regional Ministry of Agriculture, 
Juba
Gerard van Kerhoeven, Adviser, Agricultural Training 
Centre, Yambio
iiichor P.Sheth, Interfreight /Kenya/ Ltd., Juba 
J.Lueller, German Aid, Juba
Alexander Dchia, Chief Civil Engineer, Regional Mi­
nistry of Communications, Transport and Roads
Chbppel, Road expert, UFDP, Juba
R.L.Mills, UICDP, Juba
ilanolis Andriotis, merchant, Maridi
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Zoran, Yougoslav Energoproject, Juba 
Derrick Maze, Maritime Forvvardes, Juba 
Michel Hiama, Afforestation Officer, V7au 
Anthony Tikmo, Assistant Deputy Commissioner, :.7au

In Egypt
Adel A* Bahgat, General Manager, General Trading and Chemicals Co,, 1/A Ramsis Str., Cairo
Stephen J.Szivos, Senior Industrial Development Field Advisor, UITDP, Cairo
Zdenek Formánek, Commercial Section of the Czechoslo­vak Embassy
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'¿/h PI J'WO CG Iir.pCIL'3

Imports of plywood into the Sudan are not negligible
neither in quantity nor in value, for the last five years 
the official foreign Trade Statistics give the following 
figures for plywood imports:

that year. In the first six months of 197< plywood imports 
reached 82?,058 leg and c corresponding value of £3 219,033.
The considerable drop of inports in the second half of the 
year was caused not by lack of demand but by a temporary 
shortage of foreign exchange and the need to import items 
having higher priority liice fuel.

Also the 1970 imports 3eem to be entirely abnormal 
and should therefore be excluded from the calculation of 
the average. Based on the more or less normal years 1971- 
-1974 an annual import of plywood in the range of 1,800 t 
would seem to be a fair average.

The bulk of plywood imports cames from China and Ro­
mania, only small quantities are supplied by India, Japan,
UK, Trance, federal Republic of Germany, Italy, Bulgaria, 
Czechoslovakia and Ethiopia.

The average weight of these plywood imports is esti­
mated to be 720 kg per m3 /i.e. 4.8 kg per sheet 4*x 6*x 3 mm/. 
An averege annuel import of 1,800 t of plywood would therefore 
amount to 2,500 m3 per annum. This would be the present

Year
1970
1971
1972
1973
1974

Quantity in kg
273,165

1,686,852
1,632,077
2,791,169
1,116,057

Value in ZS Unit value in ZS/t
93.453
101.539
117.132
90.991

270.161

Average ner annum 1,500,672 183,647 125.142

however, it shoul;- be noted that imports of plywood 
in 1974 cannot oe regarded as normal in the second half oi
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a n n u a l  а р 'Лр̂* лпгм'
V M  V  Ч» V i t o  ч
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•♦* Vt f Iо ►"» <CiAi
in f he opinion of plywood importers.

The standard size of imported plywood sheets is 4 * 
x b x J mrr.» it least S>C /■ of all imported plywood has 
this dimension, end this size ox" plywood sheet is re­
ferred to, if no ocher specification is ¿iven expresáis
verbis. Exceptions!!;, also plywood sheets of other size and 
thickness are seen in the market /e.y. sheets 4 'у- 1'or 
sheets of 4 mm thickness/» fhe assertion of a Sudanese pre- 
investmer.t study that 60 >> of plywood used in the Sudan is 
of the size 4 x  £, cannot be subscribed to /12/.

As to quality, most of the imported plywood is of class 
BB and CC. Plywood imported from Chins is usually of poor 
quality; Romanian beech plywood sheets are much better and 
sold at up to a jC percent hi.yher price.



-  fc>3 -

2 / B  Tue Pi- ice  o i  - l i w o e c

The oroser i 
in Khar l our is /. 
The Car-;:enters o" 
bersi in Khartoum

v. holes a io price for o sheet of plywood 
2.3i ,-ei sheet/', x Ó x 3 mm/ ox 'warehouse, 
ion - c cooperative society with 1,200 nen- 
aloo sells plywood sheets to its members

tt this price.
The consumer ui’ice charged by the retail dealer is 

at least 13 3.00 .o 3.20 per sheet of plywood, but nay go 
up a3 high as 3.75 per 3heet.

In the South the consumer price is still nudi higher.
In Juba whore plywood is transported as air cargo from Khar­
toum at a cost of to 0.324 per sheet the consumer prices is 
to 5«75 per sheet.

All plywood imports reach the Sudan via tort Sudan.
I.o plywood is i:n: orteti via L'ombacc-Jubc.

The C one ’• _rice of plywood in tort Sudan is at 
present scout US # 300-320 pex* m3 according to quality and 
country oi origin. At i.he present currency conversion rates 
this represents about IS 100. This price seems to have re­
mained on the whole stable for the last five years, in spite 
of changing world trends.

To this value the following charges are added:
- customs 'duly 3o w,
- exchange tax 14.7C5 /’
- surtax or additional tax 3
- development tax 2 ¡0
- clearance and stamp tax 2,5 A> and some other smeller 

items /0,715 't! making a total of 55 %•
The transport; cost from Port Sudan to Khartoum by lorry 

/the railway is not us-.-a/ is Pt 15 per sheet or 7S 30 per 
ton.

The importer's margin is 15 % 
retail dealer each add a margin of 

C onsequently, the actual cost 
summed up like this:

and the wholesaler and
10 £.
cf plywood import can be
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0 and I price of plywood in Port Sudan 
Cua'.oms duty and related charges ?5

l o J.OG»—
55.-

/m3

Transport Port Sudan - Khartoum
i s

IS

155.-
32.50

/m3
/m3

15 h importer's margin
ts 177.50

26.63
/m3

10 w wholesaler's margin
IS 204.13

20.41
/m3

10 retail dealer's margin
№ 224.54

22.45
/m3

Retail sales price IS 246.39 /m3
or tS 1.65 per sheet.

This shows that the actual ¿rice of £3 3,- to 3.75 
per sheet charged to the consumer in Khartoum i3 an inflated
price -which, is about double that of the officirlly admitted 
price. In the Scuth the overcharged price is nearly three 
times as high as that shown in the above calculation, talcing 
into account jLS 57.60 /m3 sir freight.

This exaggerated price for plywood exists in spite the 
fact that the prices of all imported consumer goods are 
nominelly controlled by the Sudanese Government /Ministry of 
Commerce, Pricing Control Department/. Since price control 
is based essentially on cost, the above price calculation is 
infleted by all sorts of cost items incurred by each dealer 
/like expenses for transport and storage, bank charges etc./ 
and by adding to these the margins which are in fact the gross 
profit.

On the other hand, the exorbitant price for plywood 
is possible because the present plywood imports are inade­
quate and do not meet the country's demand. All dealers of 
plywood agree that the market could absorb easily double 
the present consumption without any sales promotion effort.



-  65 -

2/C Particle Boards and Fsrdboardn

There is a particle board factory in Eorth Khartoum 
with an annual production capacity of 6,000 m3 on a three- 
shift basis, but the actual output is much lower. In 1974 
the output was 2,2C0 m3 on a two-shift basis. The raw ma­
terial used is Eucalyptus camalduleneis and Eucalyptus 
tereticornis /50 %/9 and bagasse /50 5V. The size of sheets 
is A'x &'x 6 mm, this size accounts for 36 a of the output. 
Only exceptionally are thicker sheets produced /they range 
from 8 to 25 mm/. The sheets are of poor quality. The price 
of a sheet /A*x 8 x fi mm/ ex factory is JS 2,18,excise duty 
is JS 0,02 per sheet, the consumer price in Khartoum is ZS 
2,56 per sheet, Most /75 %/ of these particle boards are 
used in construction for ceilings etc; only about 25 percent 
goes into furniture production.

In order to protect this home-based pai’ticle board 
production no imports of particle boards are allowed into 
the Sudan, The import of hnrd'ocords /compressed fibreboards/ 
is restricted, but licences for import of hsrdboard are 
granted from time to tine to the Carpenters’’Union end to 
the Kay Corporation, The price c.f a herdboard sheet /4 x 6 'x 
x 3,2 mm/ in ’’he market of ICaartoum is ZS 2,40, Ilsrdboardc 
are imported mainly from Piomanic, lio imports of hsrdbosrds 
/or fibreboards/ Bre listed in the Annual Foreign Trade 
Statistics for 1974, though at least 500 m3 of hsrdbosrds 
were imported in this year by the two agencies mentioned 
above, Maybe, these imports are listed v.ucor plywood imports.
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2/D Imports and Production of Sawnwood

About 50,000 m3 of coniferous sawn timber is imported 
annually into the Sucen, consisting of redwood /Pinus 
silvestris/ from Sweden and the USSR and of white wood 
/Ficec excelsa/ from Austria and Romania in equal pro­
portions. Sudan Building material Company and Sudan Railways 
are the sole importers. In 1974 the C and F price in Port 
Sudan was liS # 167 per m3 for white wood and US # 250 per 
m3 for redwood. Customs duty and related items totalled 
40 %t transport by truck to Khartoum costed JLS 10-11 per m3. 
The importer adds a margin of 15 1-, the wholesale and 
retail dealer each 10 R>. According to this calculation the 
retail price should be Î3 124 for v/hite wood and £S 162 
for redwood.

The actual consumer price in Khartoum is X>S 162 per n3 
for v/hite wood and ZS 252 per m3 for redwood. Phis retail 
price seems to be a]so an inflated one.

About two thirds of the sawn ti fiber ore used in 
furniture manufacture and one third in construction, of 
which about 10,000 m3 of sawn timber are for shutterings. 
There is a marked shortage of redwood in the market.

Little is done to meet the country’s sawn timber de­
mand from its own forest resources, there are 14 sawmills 
operating in the Sudan, 9 of which are located in the 
Southern Region. All sawmills are government owned and ope­
rated by the Forest Department. Their combined output re­
presenting some 7,000 m3 of sawn timber per annum consists 
almost exclusively of hardwoods. The bulk of this produc­
tion ore railway sleepers.
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J i. : " > u. if; ju: ;■ , is v-;;. ir. u :i x
tOCi-Ir 'e  0-. * - _ C ■ .. u o >. - J    p s r . .  Ol S e S lC r  1 .  g s  .

f b e r o  ore f u v r  p. y.vood p i e r c e  i r  hgypt / a l l  o f  which  a r e  

c t o t e  owned/, t h r e e  oe loxig ixc  t o  th e  E g y p t ia n  ..oodworicing 

Co.  suid one to  th e  f i l e  h a t c h  C o.  About h e l l  o f  th e  raw 

m & f e r i e l  i c  im ported iron. Europe / r c i i i l y  p o p l a r  and b e e c h / ,  

th e  o t h e r  h a l f  oh ode raw .«r.t©rial o r i g i n s ‘ os i r  . i f r i e e n

m3 .

of "Che foreign trade atctisticc ore rot
clear. Information -ri her:." from _ 1; vood importers seem 
to i/.diccte unn b. plyvo.>u free, ir in the range oh 30,000
l U r , '̂ ■ t .

_■ , e oe 1.; imported w.cntly f: o:

cour.trj- . f- « — - -■;* J.T l. ’
in 1373 was 3,C0i

it is  d.ifiic
because o 1x0 Ci C -> 5

.. Oi.iCi i Л-CSC '"1 •'
the Uwi. ,'biicL/, :r 
mrlnly Taiwan and

horec /1сг.сш/,
The fenera1 '-’radix.,g and Chemicals C-..: nary in Cairo, 

Ramses Ctr, l/Л /General . snsger ¡.ir. Adel A, Bshgct/ ic 
importing in 1; 75:

а/ iron the l/SCT': 15,000 m3 ci birch plywood for the 
hinisti-j of housing and i ©construction of the following 
specification:

size 60" з: 6 0 " %  osher dimensions 10 >’ 
thickness 3 mm 75 / » A :rm 20 h, 5 ¡mm 5 /- 
quality ltd 15 h, BB/C 25 n, C 50 %•

b/ from Romania scout 5 0 0 m3 of beech plywood for the

с/

sector.tdii’QLi,'¡11 ̂" r'l О </.iv,0 oŝ T-it*ee on fjLiber
,inc f •" 3, lo - ,1, 7 ’ x 4 9

thi/jkaiez,tit m i r>.\ ; f * : 20 ''» itul lc , . ,
•qua lit у J/ih, /ar.d hih/
from reiЛиЛ O-ci bo С О 9 ix .4 .3 of plywood lor ti.
of houn1Г.Г ЗДО ¿.оconst; i;ction of the following

anion:
size 2s0 X 122 cm
c.dietaries 4 ran 60 g, 3 mm 40 >
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Th2re are, beside this fini, other imporiera of
plywood, but they ere sold to i:* r\ v»T 1 M. y J 1 0 J-.ess.

The 0 an3 I crioo in ¿lex-:r. d i  ' ~L c /in 13,
1Cl1 bird. pi. wood /iron ; ¿51./

quality LB 0 78/C 5b/C ?
3 i3Iii 231.51 176.55 228.55 248.64
4. non oiu.87 142.88 158.24
r0 U.1 nOl.i'O 154.04
G mm 154.04 189.80

1C mi:: 187.63 161.37

r or bec-cii plywool /from i.omaniaL

3 mm quality B/3B US l  474 /m3
STb US Ï  352 /m3

to Ji/nO

These prices seen 
exchange. The Company i 

Tne rot..il price r

to include the premium on foreign 
s buying plywood by tenders, 
f :lywood sheets in Cairo is:

Country of crig. ornionslone tt/sheet /ihg/rCl}
t v. I y 153 353 cm x 3 mm 1-0 256

X 4 üilü
I1 inland 12c x 153 cm 4 min
Lebanon 122 x 183 cn x 3 ima
Plywood is not used, for shutterings 
Egypt^s own resources /bagasse and 

used for production of particle board.

200 214
2 6 U 251
150 284

flax sliives/ are



3/A The F o r e s t e  and T h e i r  U t i l i s a t i o n

Forest lend with important timber resources which 
could represent a potential for plywood production occurs 
only in the South of Sudan, vis. in Squatoria end Rahr-el-
-Ghazel provinces. Ho reliable cats exist as to actvel vo­
lume of stock ; nd annual yield, nor ss to the distribution 
of forests ai,d their species composition, no forest inven­
tory is available and no working plans exist for any port 
of the forests. There is-with one exception in the V/au 
region - no map showing the distribution of forests, their 
density or tree species composition in '.he two provinces. 
Information concerning forest resources given by the Suda­
nese Forest Service conveys a general picture, but lacks 
data and figures as to possible utilization of the forests. 
Records of sample plots have beer mostly destroyed duri/:g 
17 years of hostilities in the South. Under these conditions, 
the beet eveilrble information concerning forestry is little 
more than hearsay.

fiber Putne /13/ pots the ppproxir ->r-o area of orach at ion 
forests in the woodland scvf.ur.n -..f. uii high iainfall /fCC to 
1800 mm/ st 134,000 square km on o the esf.ii.-ntvclume of
timber rr 34 million m3 which averages to about 2 m3 per ha. 
For the montane vegetation with a rainfall of 500 to 20C0 mm 
he estimates the area of production forests as being 6,000 
square km and the timber volume ss being lb million m3 which 
represents about 27 m3 per ha.

The Forest Department /Bulletin 16/ classifies 443,000 
square km as productive forest lend in the Sudan with an 
average standing volume of jus!; over 1 m3 per ha. According 
to this source the montage foiasts extend to about 3,000 
square km anC contain about 30 f of the total standing vo­
lume , i.e, 16 million m3, or 33 m3 per ha.

Johannes ,'icck /14/ estimates thev 'hie average annual 
yield of plantations could be 8 to 12 r.;3 pnr if. in. the hu;iicl 
savanna and f to 70 m3 per ha in thr. montane rain forest.

According to J.h. Jackson •/hose excollenbe port to the
Government of the Sudan on Forest management, ;hcugh •written
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in 1t'CO, 1 0 si­ill c onsidérées to ~e t;,u ?..0 3 1 z'cliable aource
of 1tu or mat ior. on orretry in m e  South, the estimated po­
tentini annual■ ji<?Id of sawn timber in southern Sudan is as
foilov/s ;

Icoberlinici uka /Vuba/ 120,0.0 :r-3
Danielle oliveri /Du/ 1,250 m3
fheya égalensis /'Dark Mahogany/ 2,5CO n3
.hoy a grar.d ifolia /Light mahogany/ 800 m3
Olea hochotetteri, Fodocarpue milan.1 ianus
and other species of ho.ntsne icrests I,OCG m3
Other species /approx./ 4,000 m3

Total 137,550 m3
These figures have been quoted by Mr.Kama1 Osmsn Ka- 

lii'e, director oi the Forestry Department in Khartoum, at 
the time 01 the team 3 visit ae the ectual possibility of

.z.. :ion ox
C i.:.[.e

. i hi an on
lieu sev/tri

•¿r production reaci.00 lie all-time peak in 
.it of 13,600 m3 sown timber, The present 
Lng capacity in iicuatoria and 2ahr-ei~Gha- 

zal provinces would allow an annual production of almost 
20,GC0 m3 sawn timber on a one-shift basis, corresponding 
to an intake capacity of about 50,000 m3 of saw logs. Actual 
output of sawn timber is said to be at present only about
a quarter of the rated capacity, owing mainly to transport 
difficulties, lack of fuel, lack of spare parts, and inef­
ficient management.

The territorial distribution of the sawmrlling capa­
city is as follows:
Savmiills in Capacity

m3 sewn timber
3a hr-e1-0 ha z a1
’.7 eu 4,000 
Bissélis 1,000 
Pongo muer 2,o00 
Pongo Aweil 2,000 
Katiang 2,000
Subtotal 11,000
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Sawmills in Capacity
m3 ::a\vn timber

a

j l iO

nuni
ioka /to be establishes in 137c/
Subtotal 9.0C0

3a hr- e 1-Ghc. za 1 
Squatoria
T o t a l 20,000

Judging from the saw logs which have been inspected 
during the team’s visit to the South shout 30 % of peeler
logo are at present used "or sawn timber. Sometimes peeler 
rnd veneer logs ere processed even into railway sleepers!

utilization of forest resources.
The prevailing tree species used lor rawmilling and re­

presenting about 85 % of the total sawn timber output is 
Mahogany /both Khaye ser.epalen3is and Khaya grandi!olia/. 
Only the liuni sawmill which lies in the Vuba belt processes 
almost exclusively Vuba /Isoberlinia doka/. A more or less 
important admixture of some other tree species occur in the 
sawmill yards which may be, according to the nature of the 
surrounding forest, Isoberlinia doka, Chlorophora excelsa, 
Terminelia superba or Ï. glaucescens, Afzelia africana, 
Beniella oliveri, Kaeeopsis eminii, Tectonic grandis,
Cedrela toona, Cupressus lusitanica etc. host tree species 
converted into sawn timber are suitable also for plywood 
and/or veneer production.

ixie absence of plywood procuoticn prevents the rati one
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■j t'Uir.'Jc. , ec omei fiat ion

■ c c v u r  c-„. toe-cm^L' orac- 
•;.v;s „1;, ; II :.mcy..iilis t nc llU.gc. .0 ie paid . or s: 7 lo 
cr i..  ̂ ob ir. ■;!;•• rmi:.l i:. .-a -hi-: '• i<j

opera-et. -ĵ e agricultural .rnuso trial Complex a sixed 
a raw si race i 3 pa Id £•& stwnrceic- to T;i<= 1* orest ry heoartment.

lor commercial fellings outside oi 3 or jot reserves 
a royally is paid according to _our .''¡ifierc-t sizes of 
tir:.dor:
Lai\ e hut le /big log/ ..ih, a medium ; 'IWÌ7 li ul_i»».- b — j• of lj.4 " and
more
rutla /log/ if tl from 7.3 to 13.4"
* .irig / bug pole/ ' 1 1! IT from 4.3 CO 7.6"
hassec /email poie/ h 11 IT less theu 4.0"

l::e re;--,- If; ■‘irtier accordi;::' :o tree ■pecies agd is
/1,:. -iusl/rs er ; ' .m , -J o'- -cos lo; . ;:i ox1 iore / ;
O '6C .-0i- hcr.gc 

hi I'].?.
'. niX> — L- , *■ > » T ; fossae

X CcU / . ?v. C hi ;_i / 6C i.. GO GO
•L-ursba / i sen coco -•••• -C- ..otsciiVi/' J 'J 25 25
hahogarm, /hnsye 
negalensio/

granbil ., h.se-
cO GO GO 60

Intiere i or Gambe il /Coi 
abysoinica/

’dio
GO 6 o GO 6 0

Bu /ionielie oliveri/ C'-. 60 bC 60
Other «ree specj es 40 25 12 5

for pieces lees than sevor feet long half of above 
rates is charged.

hoyalty differs essentially from stunpege not only in 
terras of money, but else us or economic tool end as to pur­
pose. f'he intention of hae forest lev in eetobli oli©
royalty has been to prevent fellings outside of .ox’est
reserves, hot al tv is noe based on coot of silviculture,
but is intended os a punishment for cutting trees oitolde the 
forest reserve, r,'his is reflected fiso in the nigh level of 
money levied. While royalty is & deterrent, stumpsge ie the 
equivalent of silvicultural cost and should enable normal 
management inside the forest reserve.
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If the proposed plywood mill v;ill operate - like the 
sawmills — in the organisational framework of the forestry 
Department, the question of stvmpnge will not arise* But 
if it will represent a joint venture of the Ministry of 
Agriculture and the Ministry of Industry, even with a share 
of profit going to the forestry Department, it is necessary? 
to intioduce stumpage as an element of cost into the calcu­
lation of cost for plywood. Besides that, a stumpcre item 
would be needed, if the plywood industry were entirely sepa­
rated from the Forestry Department as a private enterprise. 
Since up to now no stumpage fee has beer, fixed end levied 
for the forests of the Sudan, an attempt had to be made to 
determine a practical value for stumpsue in this feasibility 
study.

As a basis for the computation of stumpage the actual 
cost of silvicultural operations in establishing and main­
taining a plantation curing the rotation period was taken. 
The rotation oeriod was put at Pd years.

According to records from, .equator.!a and Behrvel-Ghs-
’? r l  .".Tmr'i '-’of. ::TPr nT i’ ll'-!" Of P. " l 1' 1 C U1 til 1 '3 J. 0 0 0 ’¡"RllOii S

u,er fedoen 
per fed dan 
per fed cl an 
per feddan 
per fedder. 
per feeder.

T o t a l  7-S 20.00 per fedden
Overheads are not likely to exceed Go of the direct 

cost, consequently the total coat of silvicultural oper­
ations emounts to Is 32 per fodder., or T>S GO per ho.

The mean annual increment of plantations /mostly teak/ 
connot be less then 1 m3 of logs per feddr.n, or .3 m3 
per lia. Based on this safe asumntion, the average stumpage 
for lore would be

2.3 r f. C yeers

is estime.ted as : ollows:
Ground prepara!ior initial /3 3,f-0

" " final l o 2 . 3 0
nursery stock i s 3.50
Planting i s 3 . 3 0

Weeding IS 4.CC

Firelining IS 3.20
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It ie now assumed:
1. that the stumpage tor ooeier logs should be trice that 

of saw logs
2. that the occurrence of peeler ltww. is on he evern o 

half of that of sew lopes.
Under these tv;o afavrp',ions the stumpage ior saw lor 

is lxS 0.30 per m3 and for peeler logs ¿3 O.bO per m3 , 

since 1/3 m3 x 0.60 IS + 2/3 rtf :: 0.30 IS = 0.4C /S/m3.
The etunpege paid for the production of 1 m3 plywood 

will be accordingly JLS 1.33 per m3 plywood / 2.22 n3 logs 
x ZS 0,60 /m3 log/.
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of Timber Resources

Imstone; mourn; n ins

The forests of -he Imator.g mountains or-: 
considered to be the meet promising source of
the Sudan. They consist r.rinl; of ncr.triv? r r i . erst 
which should be termed perhaps better as "cloud forced;". 
They occur mostly at altitudes between 1700-2700 n /the 
highest point being ft. Kenyati 3181 m/. They contain the 
second largest iore3t reserve in the Sudan with an area 
of 282,270 feddans /115 000 ha/. This area is composed of 
hilly broken country of varying slopes with a few sheer 
rock outcrops; there is little flat land.

This appraisal is concerned only with the Imatong 
forest reserve though montane fcrests can bo fo’.ird also 
in tae Lolibai mountains tc the fouth, ronchirr to the 
Uganda border, the lonariti mountains in the wont, end the 
Acholi mountains in the forth ban:. ATI these r->n :os contain
the greater p?rt of the nor.tar о overt ' ’ n --re viTlin "ho 
Suean.

i

The I.: a tong forest reserve is coiunt-ecc* of two dis tir.o- 
tive kinds oi forests: the montane forest above If00 n 
which covers about 75 h of the area, ard the lower lying 
foothill forest limited to about 25 f of the surloce. About 
13 / of the area is estimated to be non-forest land. Ac­
cording to a crude estimate, in the montane forest 10 of 
the forest land may be logged over or cleared '"nr shifting 
cultivation, and meaner lb Z may con:; , at oi r refection 
forest; in the foothill forest, 20 , of forest lend : cy be 
legged over or cleared and another 20 , ere or .should be 
declared e nsrure reserve. Cor.oeoucnily, the area of pro­
duction forests is calculated as follows:
Imatorg I orect Reserve, total area 115,000 hn
Lees 13 % of non-forest land - 15,000 ha
Tor iar V4 , Г : 'I b;:



1 ore: t lard 100,000 ha
/./ lorm: 75 75,000 ha

GV - i.' G J.G£ 1“Co J.O 7,500 :lfc
Trot cut iot- h i  t 10 b’ 7,500 iio 1 5 , 0 0 0 ha
. on".ciie production forest 6 0 ,0 0 0 ha

f/ lootidll forest 25 /- 25,000 ha
Logged over or cleared 20 5,000 ha
Datura reserves 20 T 5,000 ha 10,000 ha
Foothill production foract 1 5 ,0 0 0 ha
Total production forest 

Inrual felling area for 30 ¿earn

75,000 ha 

2 ,5 0 0 ha

There are l forest rangers ir the Imatong Forest 
reserve, conreqi er.fciy the annual felling area lor a forest 
ranger world amount on -he average to 312.5 he which ia 
feasible. The total annual felling urea in the ...out are 
forest would oe 2,000 ha end in the foothill iorset 500 ha.

As far as con be judged Iron the short visit to the 
montane forest, there occur about 25 big trees per ha with 
an overe e volume of 1 m3 per tree, totalling 25 m3 per 
he. This would be consistent with the Draper report /15/ 
which indicates e volume of 15 to 50 m3 of saw logs per ha 
from the natural forest.

The main tree species occurring in the montane forest 
are Olea hochstetteri end Podocarpus milanjienus which may 
represent 75 % of the total felling volume. Besides them 
a number of other hardwoods occur such as Syzigium guineensa, 
Iygeum sfricanum, Ucotea viridis, 1 agora macrophylla,
Poly3Ciso fulva, etc. It is estimated that at least 80 % 
of the volume is represented by tree species suitable for 
plywood production.

The stem quality of the trees is, unfortunately, 
mostly not favorable for plywood production. The cample 
seen on lour wells into the forest would not yield even 
10 % of peeler logs* But this field inspection may not
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have convoyed a true picture of the untouched natural 
forest cof fro*: what hoc been said by the locil forest 
staff r.nd read in various reports about the Imntorg forests 
it ray bo exuec; ?o cunt nn outturn of if oi peeler logs 
would be :i sefo assurij^ion.

coucequexiniy, the calculated volume of peeler logs 
is put at /0«£»C X 0.20 =/ 16 h of oho total volume, i.e. 
at /25 m3 per ha x 0.16 -f 4 m3 per ha. inis would amount 
for the annual felling area of h,0CC ha to fc,00C mb of 
peeler lops per annum from the montane forest.

In the foothill forest Ihiaya grand if olia is the pre­
vailing tree species representing about two thirds of the 
standing volume, The other species are Chlorophora excelsa, 
i-n tan d o phx-egma angoler.se, ¡¿ea sops is eminii, Chrysophyllum 
clbidiua, Geltis zenieri, Cola cordifolis etc.

J.K. Jackson puts the ctending volume in the Tulanga 
forest whrch is pari; of h e  foothill fores to end which 
was also vis ires tne team at 13.5 -3 par ha cut of which
mahogany represents b m3 per ha, out he adds that an 
increase ol yield could be allowed if s wider ran;,e of tree 
species could be utilized /1/.

in our opinion it is safe to ass tuns - standing volume 
of at least lb m3 pex' ha as an average for the foothill 
forest. About three quarters of the tree species may be 
suitable for plywood production and most of the trees being 
of outstanding shape an outturn of two thirds in peeler 
logs could be expected. Accordingly, the quantity of peeler 
logs is put at /18 m3 x 3/4 x 2/3 =/ 9 m3 pex’ ha on the
average which gives for the 500 ha of the annual felling
area a total of 4,500 m3 of peeler logs.

ihe Imatong Forest Reserve could thus yield anhually: 
from the montane forest 8,000 m3 of peeler logs
from the foothill forest 4,500 m3 of peeler logs
T o t a l
or 5 m3 of peeler logs per ha.

12,500 m3 of peeler logs
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If all the sow logs could be processed as well, 
fellings could produce

saw logs peeler logs total 
f: за the montane icrest 42,000 m3 4,000 m3 30,000 m3
from the foothill forest 4,300 m3 4,500 m3 9,000 m3
from the whole reserve 46,500 m3 12,500 m3 59,000 m3
in proportion 79 % 21 100 yj

But the sawmilling capacity consists at present only 
of two small sawmills in Katire and Gilo with an intake 
capacity of about 6,000 m3 per annum, According to the 
Imatong forestry Project drawn up by the IBRD in July 1973 
as the first part of an integrated development programme 
a new sawmill at Itibol should be constructed with an annual 
roundwood input of 9,00C m3. Together with the existing 
sawmill in Katire this would allow the processing of some
13,000 r.3 of saw logs per annum.

lor the tine being fellings should be limited to a 
selection of trees containing peeler logs in the range of 
et leaot 18,000 m3 roundwood per annum si ice it is estimated

even selective fellings 
30 % of saw logs:

of peeler lo tз would produce

Total fellings 18,000 m3 100 %
Peeler logs 12,600 m3 70 %
Saw logs 5,400 m3 30 %
Felling of trees is donei in the Imetongs - as indeed

everywhere in the South - by hand. There are power saws 
kept in the store, but they are not used for lack of 
know-how.

The cost involved in logging operations is estimated 
os follows.

The daily wages of forest workers are 30 Pt, the average 
output in felling and crosscutting in the Imetongs is 0.4 m3 
per man-day. The unit coot is therefore 75 Pt per m3.

The Imatong Forest Reserve has the approximate shape 
of a square of 33 x 33 km, Katire lies in the middle of the
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northern edge of tills square, Kcximum transportation distance 
from the forest to Katire /ould be around 40 km, the average 
distance world not exceed 30 km.

The density of the rood network whould be planned so 
ac to keep the total sum of skidding cost and rood construc­
tion cost at its minimum. For skidding c crawler tractor, 
preferably a Do Caterpillar with logging arch should be vised. 
Since the country is hilly and skidding cost relatively high, 
the skidding distance should not exceed 6C0 m and be kept at 
300 m as an average. This would require about ¡3 m of hauling 
roads per he.

The soil in the Imatong mountains is mostly deep clay 
loam, but plenty of rook can be found. Road construction 
cost is estimated at %Z 1200 per km. This would amount 
to ZiS 9.60 per he or X<3 1,92 per m3, of peeler log. Road 
maintenance is included in this sum.

S k i d d i n g  c o s t  world  amount t o  Xf 2,50 per m3 , and h a u l ­

in g  c o s t ,  a c c o r d  in:-- t o  current r e : e r  o f  c e n t  r e c t o r s ,  to Ft 
I f  per m", ent k r ,  or /9 7,40 r^r r.v i o r  the -r.- :e h a u l i n g  

•3 i s t a n c e .

icr saw logs the hauling cost v;rld oe '.‘:r .;а:че as for 
peeler Io n, fat if no lyrood prcr.ro :-icr. v;ov.l a be start ;!, 
the hauling di .urime for sn;v logs wo.. Id he only a. out 19 km 
instead of 30 km, sc the hauling; cost world be reduced by 
XC 2,70 per m3. Since for each m3 of saw logs /30 / 2.33
m3 of peeler logs /70 // occur, the difference :'n hauling 
cost should be charged against this quantity of peeler lo ,s, 
consequently /2,70 : у.ЗЗ =/ tL 1.16 per rrj of peeler log.

The total cent cf one m3 of peeler lor at the factory
yard in Katire would, accordingly, consist of
stumpage lor peeler logo Xs ",6C /m3
felling and cioascu l хя^ Xd o.7:> ♦ t
skidding, 300 r.f 5 per hour, 2 m3 ner
hour 1.0 r- • ?:
hauling, 30 ku., ft poi' rj : r.c >ir«: /. h A f ‘ . « " »f
ror.;; r.or.r. l.rvc. .2 or i: - n , и
ir,a. oesad г O' ' of r; ■ og haul!rg -ye f«
Total con l oJ' eel"r 1 r:t factory yard XR i d • ... /m3
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This cost may be regarded ns a favourable one from 
the financial viewpoint, but from the silvicultural view­
point the situation is less satisfactory. The mein drawback 
is that the saw log volume remains for the greatest part 
unutilized in the forest, consequently the exploitation of 
the forest cannot be followed by subsequent conversion of 
the natural forest into plantations. It should be noted 
that there are coniferous plantations /Cupressus lusitanica 
and some pine species/ in the Imatongs which do extremely 
well, and large-scale planting of fast-growing coniferous 
species at short rotations should be the aim of forestry 
operations in the Imatongs.

The IBRD Imatong forestry Project referred to above 
envisages the annual establishment of 350 ha of plantations 
around Gilo, If this afforestation programme could be 
carried out in each of the 8 Forest hanger Districts of the 
Imatong Forest Reserve, all the area logged over could be 
currently converted to softwood plantations.

This would, of course, reouire a very large increase 
of the existinr sowmilling capacity. Since the Satire 
sawmill could process oven in its present state without 
any reconstruction all incoming saw logs from the foothill 
forest, it v/ould be necessary to install at Itibol and 
preferably at two or three other sites in the montane 
forest e number of sawmills with a total intake capacity 
of 42 000 m3 of roundv/ood. Such an increase of the sawmilling 
capacity would allow, together with large-scale charcoal 
production, and perhaps even with a chipboard plant, the 
complete utilization of the natural forest and its subsequent 
conversion to softwood plantations.

In the opinion of the consultent it would be 7/orthwhile 
to examine such an optimum solution in the light of forest 
inventory results from the Imatong Forest Reserve,

Poke - Hunt area

This area lies on the eastern edge of the long Yuba 
belt which extends from here to the north west as far as
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Aweil and Raga for some 800 km. The prevailing tree species 
are IsoberlLnia doka /Vuba/, Afzelia africana /Tax/ and 
Daniella oliveri /3u/ occuring as an admixture.

The only sawmill in this region is in Nuni, with an 
annual intake capacity of about 2,500 m3 roundvcod. Two 
other sawmills with a similar total capacity shall be in­
stalled in the Loka area in 1975 financed from German 
bilateral aid.

Plywood production in this region could he based 
only on Vuba es the main tree species, how, while Vuba as 
a tree species in itself is suitable for plywood production, 
the particular size end quality of Vuba timber in this re­
gion seem3 to be of little value for this purpose. Both 
the log yard at Kuni sawmill and the surrounding forest have 
been inspected and the impression was gained that it would 
be hardly feasible to supply the necessary raw material 
under existing conditions. The average volume of a log of 
Vuba is estimated to be only 0,3 m3 and not more than 10 % 
of the logs in the cc.wm.ill yard could bo used i or peeling.

Also from what has been seen in the forest the conclusion 
was drown that the inspected stands could not provide peeler 
logs in sufficient quantity to warrant the establishment of 
a plywood mill in thin area.

Consequently the idea to choose this region as a po­
tential site for a plywood mill was abandoned.

This does not mean, of course, that a plywood rill 
could not be installed in the Vuba belt in some other 
place where Vuba stands are said to bo of exceedingly good 
size and quality. But no such piece has actually been seen 
by the expert.

Tzara are <

Little is known about the forests end timber resources 
of the uzara-Yambio region, therefore not much con-be said 
about then. It seen?; to be certain that .here are two kinds 
of -J crest in. this r'rrion• the gallery • arc nova nrr.
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c surface of 4,000 square k”1. naximum transportation distance 
could reach 60 km, but the average distance is not likely to 
exceed 40 !;m /nee nap/.

exceed 40 1cm,
The forest cover of this ares is estimated by the 

responsible forest authorities at 50 to 70 ; . To be on the 
safe 3idef let us assume a 50 b> forest cover which corresponds 
to a forest surface of 200,000 ha. Of this about 5 /$ or
10,000 he are gallery forests end 95 5* or 190,000 ha savanna 
forests. Distributee over 30 yearn, !,Le annual felling area 
in 6,666 ha.

The average width of a gallery forest is from 50 to 100 
m. This would imply a total length of 1,333 km of water 
courses and a iirtsnce of eboui 3 ku between them, which world 
be consistent with the configuration of land, .’he rarin species 
of the gallery forest is r.-rlicgrry /iChaya grandi:!'( lie/ which 
attains - very big nine, ’he avers .o volume of a mahogany

SITf IK KZARA 
1 : 1,000,000
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tree could well be 3 m3 ало most of it could be used for 
peeling and even for veneer. In влз11 пип'оегз also other 
big-sized tree species occur, mainly Chlorophora ezcelsc 
and Albiszia zygia. Stocking is dense, about 10 big trees 
grow per ha with a utiliseblc peeler lop volume of about 
15 m3 per ha. This would represent lor the total area of 
gallery forests some 150,000 m3 of peeler logs, mostly ma­
hogany, which distributed ower 30 years would amount to
5,000 m3 of peeler logs per annum.

The savanna forest is composed mainly of Chlorophora 
and Terminalio. Chlorophora excelsa grows usually in 
clusters of 5 to 10 trees at distances of 10 to 2C n, then 
another cluster occurs several hundred meters farther off. 
The trees are very tall and of exceedingly good shape. One 
tree may occur on the average per 2 hs with a peeler log 
of 1.8 m3 per tree, or 0.9 m3 per ha.

The other mein species is Teminalia /T.glaucescons 
and I. superbe/ which is of much smaller size end less good 
shape, Cn the average, three trees may occur per ha, each 
of a log volume of 0.5 m3 per tree and 20 % peeler quality. 
This -would amount to 0.3 m3 of peeler logs per ha• 

Consequently, the savanna forest could yield: 
Chlorophora 0,90 rr.3 of peeler logs per ha
Terminalie C.30 m3 of peeler logs per hs
T o t a l  1.20 m3 of peeler logs per ha

The total amount of peeler logs would be, therefore:
/190,000 ha x 1,20 m3 per ha =/226,000 m3 which distributed 
over 30 years would amount to 7,G0C m3 of peeler logs per 
annum.

The annual supply of peeler logs for the plywood mill 
wou 1 d consi:;t of :
timber from gallery forests 5,000 m3 of peeler logs

per annum
timber from savanna forests 7,300 m3 of pooler logs

уor annum

12,600 m3 of reefer logs 
per annum

Otri sueply
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Trees felled for peeler logs would contain, of course, 
also a certain amount of saw logs. It nay be assumes that 
on the average trees selected for peeling would contain 30 % 
of sav/ logs. Consequently, total fellings for both the ply­
wood mill and the sawmill in Hzera should be in the order 
of 18,000 ia3 of logs per annum which wculd result in:

70 % of peeler legs 10,600 m3 per annum
30 % of sav; logs 5,400 m3 per annum
100 >j 18,000 m3 per annum

Thus, fellings for the plywood mill would supply, at 
the same time, also the saw logs for the sawmill.

Telling is done in the Hzara region - like elsewhere 
in hquatoria - by workers paid a daily wage of it 30,
Average daily output is 0,5 m3 per man. Consequently, cost 
of felling amounts to it 60 per m3. Ibis would include also 
crosscut t:\i-y.

Tor the extraction of logs to the roadside a r*5 Cater­
pillar should be used h r  a maximum distance of 1 icm, on 
the overage for a distance ox 500 m. This would require 
a road density of 5 m per ha. Under ¿.nese conditions, 
skidding cost would amount to about XS 2 per m3 /cost of 
tractor XS 4 per hour, skidding output 2 m3 per hour/.

The ground in this region is very suitable for road 
construction, the earth cover is shallow, consisting of 
coarse sand with excellent drainage and based on iron-stone. 
Slopes are gentle. Road construction cost would amount to 
XS 800 per km, or XS 4 per ha. This entire cost should be 
charged against peeler logs, since the collection of saw 
logs would not require such an extensive road network. The 
quantity of peeler logs being on the average 1,89 m3 per 
ha /i.e. 12,600 m3 : 6,666 ha/, road construction coat would 
be XS 2,12 per m3 of peeler log.

Hauling is done usually be contractors, The current 
rate is 18 Pt per m3 end kn, which amounts for an average 
hauling distance of 40 km to XS 7*20 per m3 of peeler logs. 
This includes also loading and unloading and stacking in 
the factory yard.



The same amount of cost would apply for the hou.lins; 
of sa'7 lorn. But the actual hauling cost for sov- lops, if 
no plywood ri 11 v/o' It be established, -7e"V: rot exceed 
r,3 1.
Dver:

lo-s
represeni ' ' ” ' ~ '
difference would amount, to /,£. f,3- 
of peeler log.

The total cost involved in supplying peeler leys in the 
Usare area is estimated accordingly ns follows:

ncr n3 sitiCC her-li ny J. O 5< C. 1-> O ’Vni ' ' ̂ d be or •; 'in
10 km. ,i o ti.0 di.'.iei•once / ' 0 L.- /_ T . ,— * . ■- — •- •
houle ]-p »3 /••; • r-rped to plyiVOO ■ . !'0l-Ct; on. ;f Si
i 30 b and uarici io 70 ; o" i-hi felli;-r-O . ° »

-- : -• fo/ 3r :a_>

in l-..:
stumps .me for peeler lo~:5
follino and c:’0S3cr.ttir..y
nkriddir;;, 5OC r, Z? 6 ; /.our, 3 “ 3

heulinj, tO km, ft if cor m3 -r.c hr
road c onst rue rie r, 5 m o-?r r ~, / ' h_i 
aer hr,;
i " :;e : ,;o.. od he f - ch 
Ter-I cor o: -cot ■. t ■/• r " • ' ; •;

0.30 

7.3 0

this ./culo bo, i •*-0;r. tuo fin-roir.l v 3:- , •••r. 
acceptable result, bun It should bo borne in nird that 
the exploitation o\ the ra irai ir ret is unr.ain’ ~frc;,or", 
sino a orlo- the cream c-f ti/iber res cure or. is utilised a ni­
no sil-’-icultnrc.i improvement is achieved, fhis ni [ration 
could be remedied by a sub;; i? ntial ino ree so el the- 
nawt.-.illin/; capacity at l'r.are which -world allcv;, rt 1 east 
pentirli;/, the- hull utilisation o f  evi.vllrf ; ■ i s o r  rose: roes
both for plywood Si 
cor.vorci.on of the t 
ou:r. better, to plr.

awnwood G'’v.ction, and .he evbseernrt 
,;n . : plr.1 e • ions , r,

ions c : v"t,-'or. d . i s
1 ... o:
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■leu - Карта area

‘The forest area between ..an and Rega was photographed 
and evaluated by the Inventory Section of the forestry 
Department in 1963. te a result о жар is available shewing 
the Vuoa belt and .savanna rich In large-ciowned tress.

In the tube belt there wore 20.5 trees per he v.itli 
a volume of 8.66 n3 per ha, corresponding to an average 
tree volume of 0.43 m3 which would seem to be of sufficient 
size for containing peeler logs of a diameter of around 35 cm. 

In the savanna there were on a surface of 320 square km
24.000 mahogany trees with s volume of AC,000 m3, or 1.37 
m3/tree
14.000 Afzelia trees with a volume of jC,0CC m3, or 2.01 
m3/tree
3,000 Laniella trees with a volume of G,0C0 m3, or 2.CC 
m3/tree.

this amounts to ar. average 3tocking ri 
An aerial ree or. n ~ is. s г nc e which had been 

with a survey clare revealed that there were

,4 m3 por ha. 
under ta ten 
more than

tree • r.nm much tuba and mahogany, diselli vieara
and Danielle oliv-.-ri in the areas south of Peim Subeir 
end e^st of the area investigated. These areas have been 
photographed at the er.cl of January 1533. The statement was 
made then by Í .S.b.Gassouma, forest Inventory Officer.

However Gacaouma'b report was questioned by a committee 
which visited the ares in December 1263, isporting; "It 
cannot by assumed /indeed our visit shewed the contrary/ 
that sufficient merchantable timber can be found whore the 
photos reveal "dense” forest".

! pt much mero is known about this forest since that 
time, but it 3s a fact that ¡aere oro 5 sawmills established 
in the area to the north and west of f.nu with an important 
sowmilling capacity, an has been already indicated. In the 
opinion of the Conservator of forests in V.’su, hr. ñoipoth, 
the suaniy of lo; s for all these sawmills is well established 
for the future, and could be even .increased, though is may

ч
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be necessary to transfer one or two sawmills to other sites 
nearer to the timber resources in the near future. Furthermore, 
it is urgently required to build b bridge across the Bousseri 
river, replacing the ferry operating there now, in order to 
start timber exploitation also to the south of the river.

With regard to this situation, the best solution for 
starting plywood production in Bahr-el-Ghazal province 
seems to be to increase sawnilling to the full capacity 
of the existing sawmills in Wau, Besselia, Pcngo Nuer,
Fongo Aweil and Matiang and to add an extra 43 £ to the 
felling volume for supplying peeler logs to the plywood 
plant, assuming a 30 % outturn of peeler logs from the volume 
of felled timber. The plywood mill whould be situated in 
this case in the centre of the area for the delivery of 
peeler logs which lies practically in Wau,itself.

Consequently, the timber supply for the plywood mill 
could be oest provided in this manner:

Thousands of cubic meters
Sawmill Total fellings

100 yS
Peeler logs 

30 %
Saw logs 

70 %
Distance in 
km from 7au

Wau 14,3 4,3 10,0 -
Besselia 3,6 1,1 2,5 35
Pongo Fuer 7,9 2,4 5,5 85
Pongo Aweil 7,8 2,3 5,5 90
Matiang 7,8 2,3 5,5 150
T o t a l 41,4 12,4 29,0

Accordingly, fellings in the range of 41,400 m3 per 
annum could provide 29,000 m3 of saw logs for the existing 
five sawmills and, at the same time, arcund 12,400 m3 of 
peeler logs for the plywood mill.

The transportation of peeler logs to the site of the 
plywood mill in V/au v/oula be done from the sawmills in 
Besselia and Pongo Kuer by lorries on the Ifiga road, and 
from the sawmills Pongo Aweil /which is only f i:m from 
Mundit railway station/ end Fatiang /which is next to the 
railway station in Aweil/ by train. The cost of transportation
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would be:
To favi from Volume Distance Unit cost Xs

per annum

Bcsselia 1,10C m3 35 kn Pt 7.5 /m3/km re re '1 j‘..GO
Pongo Truer 2,40C m3 65 '■-rn he 7,5 /m3/km 1 r '.tn
Porgo twoil 2,300 m3 O kr. Pt 7.5 Ani/scn

Of) km XS 1.57 /m3 /,831
Ilatiang 2,300 m3 150 cZf* IZ 1.87 /m3 / ,301
V/ au 4,300 m3
Loading and 
unloading 12,400 m3 Ft 25 /m3 3,100

3:. ,580
or X? 2,47 per m3 of peeler log.

It is estimated that fellir.gs in the order of 41,400 m3 
of logs per annum could be made for at least 15 years along 
a 60 Jem wide strip stretching 180 km tc the north of ..ai; 
along the road and railway to A well, are 115 ¡cm -no the west 
of V.su along the road to kege, i.e. 30 km boning Patisng 
and i-ongo 1‘uer,

These two strips cover an area of 17,ooC square km 
/i,e, 60 x 181 + .53 x 115/ of which at least ore third 
should be covered by 1 crest representing onprcriir.sbely
600,000 he of untouched forest land. It is further estimated 
that there is on the average at least one big tree of 
mahogany, Afzelia or hsniella with a breast height girth 
of 45 or more inches /36 cm diameter or more/ and an average 
log volume of 1,6 m3 per 7 feddans which amounts to 2 m3 
log volume per ha. The total stocking on the two strips 
would equal accordingly 1,200,000 m3 of logs. If this supply 
should last 30 years the annual fellings would be 40,000 m3 
of logs, out of which some 12,005 m3 would represent peeler 
1 ego, fire simply of x-ar ma toriel tor ply 00c production in 
V.'au may be considered safe on this basis.

The maximum distance c:f lou transport from the two 
mentioned strips to the five saw,'dll sit eg r/or 71 practically 
not exceed 50 km and the evera(. e diutr.ec v/cj Id be r.rnund 
30 km /see map/.



The ground on all this territory is either level or 
very moderately undulated, with very shallow and permeable 
sandy soil and the underlying ironstone plate which procrudes 
often to the surface and makes an excellent hard surface 
for transportation.

In order to keep skidding cost at a reasons bis level, 
maximum skidding distance should not exceed 1 km ana average 
skidding distance should be around 50C m. This would enable 
keeping skid din;; cost at about JSS 0.75 per m3 on the average, 
when using a 05 h.p, wheel tractor and logging arch, but 
would require a density of hauling roads of about 5 m per ha.

Since annual fellings amount to 40,C- 0 m3 of logs on or, 
area of 20,000 ha, an annual road construction programme of
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ICC km hauling roads should be tackled. The coat of road con­
struction con bo estimated at Xo 400 /km or X3 4 /ha. V/ith 
2 m3 of lo^s felled per ha this amounts to Xc l.CC per m3.

The hr tiling of logs is done usually be contractors, the 
latest bids in BnIir-e 1-Ghoaa 1 province ii-di.cr.te a price of 
I't If nor m3 and kia. I o'- the average hauling distance of 
30 ’em the hauling cost is estiva -ed at X3 5.4c per m3, this 
sum includes loading, unloading and strokin'- of timber, at 
the factory yard.

Jelling and crosscutting of trees is done in Bahr-el- 
Ghacal provicne on a piece work basis. The forest workers 
arc paid XS 0.015 per cubic f'cot which. fa equal to Ft 53 
per m3.

The final cost of peeler logs at the rill yard is the­
refore composed of the following items:

/o/if
stumpage for peeler lcg3 O.hc
felli'ig; and orccscu zx in:; o.fi
skidding, 5C0 
2 m3 cr hour

/h I.i'O or hour,
'■> • Í

lx •/ i . . .L  _* • y  _* O' x , .i K  per a: d km v 0 •

road c 0 r- a t rue t 
per km

her;, f. . r ha, 4CO
I*0(J

delivery from 
ir .Vat:

sawmills to lyv/oob mill
4.47

Total cos'; of peeler lev nt factory Xb 1C,75 pci n3 
yard

Tide v.ay be regarded ns a vo^y satisfactory result from 
the economic viewpoint, caused ay the Integra-tier, of the 
plywood plant v/ith existing anv.-milling cacac iAicc. But whot 
is still more important from the viewpoint of feasibility 
is tic bri, :1 ; outlook or lonms: nr- in;: t. flier. - ion of the
va : .1; 1 or mreer; v;hich lio to the oi two
meat fono cl stripe a„ d especially ir, n-: huru. - Deiu Cubeir - 
Rage area and behind it to the south 1;-' - a r.he ; order of the
Central J\frican bepublic.

As fas boon already mentioned in t m  ini;: a ¡veto, on, it 
has not been possible to the forest economics export to
v i s i t  t h e s e  f o r e s t s  in s u n d e r ta k e n  t ot e  of a l l  e f f o r t s
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reach this region. But discussions with forestry staff 
originating in this region repealed the existence of 
important timber resources both of the gallery and savanna 
type with mahogany, Afzelic, Danielle, Isoberlinia ar.d 
Terminalia as the prevailing tree species. The size of 
these trees seems to be by no means inferior to the trees 
around Jau and the density of the forest increases, and 
tree growth improves, in the direction to the border. The 
surface of forest land involved may be in the range of
5,000 square km or more, with very little or no population 
at all.

At present, this region is untouched by any development, 
and it would be very difficult to establish an industrial 
plant here for lack of infrastructure. The road from V/au 
via Kuru and Deim Zubeir to Eaga is notorious for its deso­
late state and should be entirely reconstructed. This could 
involve expenses in the range of up to one million pounds 
/or about JLS 3,000 per km/* but no projects for any road 
improvement are planned or even contemplated at present.

However, phis situation may change in 15 years 'time 
and once a good road, suitable for heavy traffic, is built 
between ,/su ard Regs as an infrastructure development, 
access to the whole region will be gained and timber 
extraction could be started with corresponding installation 
of sawmills and also of a plywood industry.

But at present conditions for the establishment of a 
plywood mill exist only in and around Kau. A great advantage 
of Hau is the railway connection with Khartoum and the entire 
Forth of the country. The only improvement of the existing 
infrastructure which is urgently needed is the construction 
of a bridge across the Busseri river. This could involve 
a cost of abo’ t %Z 750,000 and should bo accomplished as part 
of the road improvement from Juba via i.arldi-yambio-Tumbura 
to 7au, which is under consideration.

4
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3/D forest inventors* Recommendations

The title of the pioject should be Poi’est Inventory 
with Logging Plan. The project should cover an estimated 
surface of 400,000 ha of forest land in Rohr-e1-Gheuc1 
province around . au, Besselia, Pongo Ih'er, Ton go .Aweil and 
Katiang, and prepare a logging plan for 10 years . Besides 
that, assistance should be giver in the testing of inter­
esting; tree species as to their suitability for the pro­
duction of plywood and sliced veneer. The staff of the
project should consist of

AS3Ìgn: 
Project Area

oent
Khartoum

1 Project manager end
forest management Expert 12 months 5 months

1 Inventory Officer 12 months 3 months
3 field Inventory each 12 months 
Assistant Officers 36 months 3 months

1 Consultant for Photogrersmetry rO months 1 month
1 Consultant for rood r etv/or!: 

Ol'.C logging 4 norths 2 months
T o t a l 70 months 14 months

Sudanese staff provided by Sudanese Government should 
include et least 7 counterperts, 4 forest rangers, 4 forest 
guards, 12 drivers and assistant drivers, 32 unskilled 
labourers.

Sampling on 0,5 /ó of the forest land should be carried
out,

Equipment required: 1 survey plane for 30 days, 4 landro- 
vers and 2 light lorries, radio transmission and receiving 
equipment, camping equipment, calculators and typewriters, 

■iotiuated total cost: U3 l 450,000,
I inaneinr could be from bilateral or multiletoral sources
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• Pseudoced r e t e K o ts e h i

X. 'u J 1 E r- hipif-O vero tuo r:..r 11 0
p-v-'- ir ver v i. --i' ter o » *\» ! ■y.c*-
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teey onoro eh .r,-, i ove Io ¡.et ' ..iti. ..rr.c ; i per- 
r colpi" o v'.irò- ' v; i'W: "re r i oc d ' onci.
. rii;. : eroeetivre

The osnipiea •/‘.•'•e c.or,vertaci irto venocr or r. Irbcrotory 
rotary cutter0 ho nroporstion oi' tbo ssraples for cutting vras 
beeeò on eoakirg jn iva ter et 20 °C ior 20 hours v/ith sn

cr oi ir t(

•er

24 hours. 
in v/ater et r t exnera ; uro- of V

to 40 °C duri i'ip'
ttir.r “he T'i'CCr
Or .y..- /u U - rours.

The nominai thic!<Pent of t n e ex. veriv.enf -r1 ve re ore v/nc
esvr:oiici'.r'd rt 1,3 i F. or d C.5 rjr. The c i !: :• r : ;: procedure v/ro
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r r/! b;;r ; <■ ; / - ì 0.1 r.ir vevrev 5 i. 'Tic reti ir• * c:!‘ iCcì cJ.;»r.rnr:cc
n rv io  ’var- w of thè r borono,::s croio li ;• .



г

* : „О  .1 :¡ ' - 1 ' - u 2 « 
: э.-т .

7 0 г..7 ;i\r- . ; V . • .i : ■ i .. L
21л : • Vf ’’ г' i : 0 '

w r  •“ .. :
— Г— . » ; » ( ■ ■ ‘ V 7 7 П Г’ ■’ .
spicier v e:, ■ ' V,or!::; c'oviv-.i. отг/Ь

? ! :< -  : l  г г  OC l b ' . . '  r  •'•

'ivo г li :.1 :• '.о il o. i. г : ta oie:



-  97 -

wood could be used for decorative purposes and also for the 
production of plywood, provided, of course, that further in­
vest i,put lore confirm the orslivdnsry results.

Cample ho j> /Vuba/ presenter: no difficult ins in peeling. 
The veneers cere free iron cv.tiirr; checks. The texture of the

nc;i i the roughveneers us ver;/ ctmrnc live, tue orxy 
structure of the surface due :o the deco pores. Sore ciifii- 
culties would arise in the inching ana gluing operations. 
Deep glue penetration and a high consumption of resins and 
fillers is to be expensed.

Sample ho 4 /Boswellia/ caused no troubles in cutting. 
The wood is very 11 "lit, capable of absorbing a large amount 
of water b\ soaking in a very short tire. It is obvious that 
this wood is not resistant to fungal attack. After socking in 
water the light prey turns blacic wxioh is an indication of 
mould attack. The mould on the one 11 specimens eotild ret 
be identified ar.1 ii.cre ./os no cossibility to investigate

problem X ' T 1:T e r .

The 2 •; star.ee to  . :ovId a t t a c k • ] ¡1 s r a t  n-~oesca­

Tilton ;:: a t  ' 19 r .e o -n ica !  P ;c r o r  I; iw s o f the  wood are  a f -

d . .-'.pprrentl t in v e n t e r s  cou ld  be c iu tn'/he f o r  tan p ro ­

nr o o . ; ./O' x er.d. oou.Jd be used 'c; O. j*> o ng cs  tno in n e r

; and ■'’ o r e s . ..he venee rs  a re  smootn enough aii l  q u i t e  f r e e

from cutting checks. There is little hope that these veneers 
co’xld be used for doco^nfcive purposes.
Veneer Drying

After cut L t h e  veneers were sosked in warm water to 
raise the noiture content as high as possible.

The specimens filled with we u er created the ¡iicst unfavor—

t enpe rr 11¡re ci 140°C 
ample  T- o 1 wag n o t  s u b -  

i  t h e  l a c k  ’’-L : .u ff icx O R t

able conditions for dryin 1:0 dryh:
tory <ai.r-iiv.nacl; cor.v eg' or dr;;er • t t. e

• and at an air v:Ire it;; o.' A '} . ■/’. in. ■
ritted to ' he w is:, (T> • • f* r, L. '(
material. 
i:he result o iJ n . /j.shown in t'iR
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Sample I'cist tire content fj
n >:Botanic.f 1

lame
Thickness Original After 2 min 

of drying
., After 4 win. 

of drying
p Corcia G.C 164 6,0 o,3
3 Vuba O • k. 91 g M 

-i- •  *- 0.1
4 Boswellis c.e 171 4.7 0.2
5 Khaya 1.5 74

CO,o 0.7

The tabic shows that the specimens were dried up to the 
moisture content less than 7 % in lees than 2 minutes without 
any damage by severe splits. Thy only exeption was sample Uo 
1, where come splits occurred. Those splits could be elimi­
nated by proper hydrothermal prepare I.ion and by improved 
cutting conditions.

The spec in; one soaked in water v/ei o diecolore d to a certain 
extent so that they lost tie natural, original ccl >r. It is 
hoped that this discoloration nay be avoided provided the 
presoaking of the veneers had rot taker, place in the process
before drying.
General Ccnclrri or-s

The amount of experimental material which was available 
for the tests was Loo small to a':low deiinitive conclusions, 
nevertheless, according to the results of the preliminary, 
improvised laboratory tests, there are no indications that 
the species concerned were not suitable for {.he manufacture 
of veneers. The results are in no way discouraging in any 
respect and there are optimistic indications that further 
research on c more adequate scale would solve the various 
utilisation problems for the species under review.
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3/G Aerial Survey Recommendations

The aerial purvey should comprise about 17,000 square 
km of land on both sides along the road from i.'au to Av/eil 
and 30 km behind A'.veil, and along the road from V.’su to 
Pon.ro liner ore 30 kn behind bongo huer. The width of the 
strip photographer should be CC km.

The scale of the photographs taken should be 1:30,000, 
this would enable the drawing of mops in the scale of 
1:25,000. Longitudinal overlapping should be 60 %, trans­
versal overlapping 30

The size of the photographs taken should be IF. x 18 cm, 
or 23 x 23 cm. For the 18 x 18 cm size a camera with a 200 mm 
focal length, for the 23 x 23 cm size a camera with a 150 mm 
focal distance should be used.

In order to facilitate identification of tree species 
from aerial photographs spectro-zonal photographic material 
should be used, if available, >lse black and white photo­
graphs would do, too.
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4/A Dietелеes and Freight Rates

Distances involved are 
a/ by road

Katire - Juba 180 km
Nzara - Juba 522 km
Nzara - Vi au 4 7 7 km
Juba - Wau 846 km
Juba - Mombasa 1*638 km

These distances are quoted from Michelin's map of 
North-East - Africa* N2 154* it being borne in mind that 
according to Michelin in Africa distances rarely can be 
given with absolute accuracy, 
b/ by rail

Wau - Khartoum 1*498 km 
Wau - Port Sudan 2,285 km 
Wau - Wadi Haifa 2,407 km 
Khartoum - Port Sudan 787 km 
Khartoum - V/adi Haifa 909 km 
Khartoum - Kosti 383 km
These distances are taken from the Transport Statistical 

Bulletin 1974, p.2 0,
0/ on the Nile

Juba - Kosti 1*436 km
Juba - Khartoum 1*660 km
These distances are quoted from the Transport Statisti­

cal Bulletin 1974, for the Kosti-Khartoum section road 
distance according to the Michelin map being added.

The freight rates /in j6S/m3/ are at present as follows:
a/ by road for logs for plywood

from Katire to Juba 1 1 .4 8 8.27
from Nzara to Juba 23*49 16.91
from Nzara to Wau 21.47 15.46
from Juba to Wau - 27.41
from Juba to I.Iombasa - 2C.80

These rates are cislculated according to the official
tariff established by the Commissioner in Equatoria province
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/Pt 7 per ton/mile/ and in Bahr-el-Ghazal province /Pt 12 
per ton/mile/, for transportation of goods on main roads. 
For -he transportation from Katire to Juba this rate ap­
plies only as far as Torit /135 km from Juba/} for the road 
from Katire to Torit /45 km/ the maintenance of which is 
the responsibility of the Forestry Department, the rate of 
Pt 12 per ton/km was applied. The road connection from 
Nzara to Vau cannot be used economically at the present 
conditions because the existing ferry on the Bousseri river 
offers slow service and a low weight limitation. Freight 
rate to Mombasa is given according to charges for transport 
made by Interfreight /Kenya/ Ltd. ^  
b/ by rail for logs for plywood

from Wau to Khartoum 14.168 10.519
from Wau to Port Sudan - 15.127
from Wau to Wadi Haifa - 16.855
from Khartoum to Port Sudan - 5.551
from Khartoum to Wadi Haifa - 7.279
from Kosti to Khartoum 4.728 -
The freight rates quoted above are valid since 1 July 

1975. They are baaed on the assumption that 30 m3 of ply­
wood /2 1 ,6  ton/ or 20 m3 of logs / 1 6  ton/ could be loaded 
on a 30 ton waggon.
c/ on the Kile /For a full barge 100 ton or 500 ton both 

for logs and plywood/
in ÏS/ton

from Juba to Kosti 17.100
from Juba to Khartoum 21.700

The River Transport Corporation is authorized to 
transport goods only to and from Kosti. Direct transport 
on the Nile to or from Khartoum requires special authori­
zation by Sudan Railways.

The loading spaco of a 500 tons barge is 500 m3. It is 
estimated that on such a barge 3 3 3 m3 of logs or 500 m3 

of plywood could be loaded. Transportation cost in ZS/m3 
would therefore be:
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for logs
¿s /m 3from Juba to Kosti 25.676

from Juba to Khartoum 32.583

for plywood 
Z>S/m3 17.100

21.700
d/ by sea

For plywood 
to Jedda 
to Alexandria 
to Hamburg

from Port Sudan
26.33 /19.50/
4 8 .2 6 /35.75/
82.62 /61.20/

US //m3
from Mombasa

31.73 /2 3.50/
53.33 /3 9 .5 0/
88.16 /65.30/

These freight rates apply for 1 t or 1 m3 whichever is 
more /weight for volume basis/ and include the Suez sua>* 
charge /2 .5 %/, bunker surcharge /8 . 5  %f, the currency 
adjustment factor / 1 0  %/ levied on the basic rates and 
surcharges, and finally, the congestion surcharge which 
varies from port to port. The basic rate is given in 
parenthesis. in us g/ton or ra3

for machinery to Port Sudan to Mombasa
from Hamburg 144.94 170,94

The basic freight rate is US Z 1 1 8 .7 0  to Port Sudan 
and US Z 140 to Mombasa, To it are added 2.5 % Suez sur­
charge, 8 -5 % bunker surcharge, and finally on the total the 
10 # currency adjustment factor. The freight rote includes 
loading and unloading costs. A heavy lift charge of US Z 
2 5 .9 0 is made for every piece exceeding 6 tons, for pieces 
over 15 tons weight the charge is US $ 73.20 + US jS 3.50 
per each additional ton or a part thereof. The freight rate 
applies to 1 t or 1 m3 whichever is more.

Installed crane lifting capacity in Port Sudan is 
15 tons, heavier pieces can only be unloaded by ship's 
crane.

For the export of plywood to Egypt there is theoreti­
cally an alternative way of transportation from Wadi Haifa 
on the Nile to Assuan and from there eventually by train 
to Cairo, The freight rate on the Nile from Wadi Hlafa to 
Assuan charged by the M l e  navigation Company is Z.S 5 /ton. 
But there are no facilities at Wadi Haifa, no port, no
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arrangement for the handling of goods, consequently no 
commodities pass on this transportation line in either 
direction* For the time being, this transport system 
would require a vividly uneconomic amount of unloading 
and reloading from train to steamer and from steamer to 
train and must consequently be ruled out until facilities 
in Wadi Haifa improve.

Handling charges for plywood in Port Sudan would be 
¿S 1 /ton /Pt 60 /ton for unloading from railway and 
stacking, Pt 25 /ton for loading on boat, Pt 15 /ton 
miscellanous/, or Pt 72 /m3* Handling charges in Mombasa 
should be about tke same* For machinery handling charges 
would amount to ZS 2 /ton, for heavy items up to ZS 3 /ton*

The handling charges on the Nile and railway for logs 
or plywood, including loading and unloading, would be about 
Pt 4 0 /m3.
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5/4 Sliced veneer

All tree species intended for plywood production are 
suitable also for the production of sliced veneer. Especially 
suited for sliced veneer is teak, and teak plantations in the 
South will yield in the future an important supply of veneer 
logs. For the time being, tree species listed in Annex 3/E 
as suitable for veneer should be used.

Since the utilization of the most valuable species end 
of logs of the best quality and largest diemeter for the 
production of sliced veneer sheets, in connection with the 
establishement of a plywood mill in '.Vau, seems to be viable, 
a short technical and economical evaluation of such a project 
is added. Veneer production could be considered also for 
other sites in the South beside ffau, or even in the particle 
board factory in Khartoum with transport of veneer logs to 
Khartoum, preferably on the Wile. This would require, of 
course, further study which is outside the scope of the 
present contract.

For the site in Wau the following targets of veneer 
production era recommended:

Output: 2,000,000 square m of veneer per annum
Thickness of veneer sheets: 0.7 mm
Timber consumption: 1.3 m3 per 1,000 m2 of veneer
Annual timber consumption: 2,000 m3
Daily timber consumption: 9.5 m3
necessary new equipment
The integration of veneer production with plywood 

production has important advantages since most of the 
equipment Installed in the plywood plant, like the drier, 
the equipment for crosscutting, the mobile crane, veneer 
knife grinder, chain saw grinder, hog, stesm boiler etc. 
can be used in common with the plywood plant.

Additional machinery and equipment necessary for veneer 
production would comprise the following items:
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E q u i p m e n t Power input
in KW

Price 
in XS

Horizontal veneer slicer with . 
accessories /length of knife 
2 ,7 0 0  mm/

70 4 0 ,0 0 0

Band saw 50 3 0 ,0 0 0

Clipper for transversal clipping of 
veneer /length of knife 1,350 mm/ 3 4 ,0 0 0

Clipper for longitudinal clipping of 
veneer /length of knife 3 »7 0O mm/ 6 1 0 ,0 0 0

Hoist to the veneer slicer 5 1 ,5 0 0

2 trucks with trailers for logs 
and waste 1 1 ,5 0 0

T o t a l 135 8 7 ,0 0 0

Construction investment
In order to produce the intended amount of sliced veneer 

the recommended hall of the plywood mill should be extended 
by 6 m on the left side. The steaming vats should be shifted 
by the same distance. This means that the area of the hall 
will increase by 900 m2 which represents a cost of XS 4 5 »0 0 0.

To the recommended steaming vats two steaming vats of 
6 x 3 x 3 m dimensions should be sdded /i.e. one 12 long 
steaming vat divided into two parts with independent lids/.

Cost XS 2,500
Other necessary construction, e.g. levelling and prepa­

ration of site and log yard, road construction, warehouses, 
administrative building, hygienic facilities, garages, boiler 
house etc., are in common with the plywood plant.

Labour force
The production of sliced venner requires:

Skilled workers 13
Semi-skilled workers 15
Unskilled workers 8

Management and business administration 4
Total personell 40
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Electric power
Annuel corsvjnrti.on of electric power is 400 MVh.

(Voter
The recuircmcnts r ret 

I nd-- .-trial water i! ~.l \er rnrutr. 1,010
'Vator for cnr.itery rur'-ones nr-G i or 
drinkir- in r:j per annum 1,300

Total water consumption ir m3 per annum r.rn

Heat requirement
Steaming of logs in Gcal per annuri 390
Veneer drying in Gcal per annum 1,000

Total heat requirement in Gcal per annum 1,390

Investment cents /in ZS/
a/ Production mociin-¿v\- ore onri; n-nl 

trice Cl IV,ow-
j'Txhanpe, develcpmen'; rno ad litr orr.l 
tor, clearin '-, ir.~vr.aroe or.'1 
transport i.n rite / . r *, :io
Value cl ;./wn ■’ ’1 0 K :: ( . 11
Hngineerir/;, rccein bly and inr-~ r l l o i -h

/10 1/ 10,020

Value of erected r..acfinery 
Contingency /1C %t

119,030
1 1 , 9 0 0

Total inver irnent cost 
b/ Construction works

i:i,930

0 pera t i on a 1 bull :i i r.q 
Steaming pit 
Design work /6 1/

3- 5, ooo 
2,500 
2 ,r50

1 c i r.1 r,', r;/
Contingency /1 ■./ 2, 5<-- o

o r r7Cj - $ - •x *
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Summary /¿3/

investment cost depreciation
prod’action
equipment

machinery and 130,530 13,090
construct! on works 5 2 ,0 7 0 2,640
permanent ■working capital 3 2 ,5 0 0

T o t a l 2 1 6 ,3 0 0 15,730

Operating costs /l£>/
Only the most important items are specified, minor items 

ere included in "other expenses”. The price of raw material 
is calculated almost double that in the plywood project; the 
average wages are increased by 15 % as compared with plywood
production. 
a/ Rav; material

2 ,6 0 0 m3 x 2 2 .0 5 7 ,2 0 0

b/ Electrical energy
¿00,000 x 0.035 14,0:0

c/ Repairs, consumption of 
technical materials
3 . 5  a on production machinery +
1,0 % on construction v;or!cs 5,110

d/ wages 20,240
e/ social security 3 ,0 4 0

f/ overheads, administrative and other
expenses / 2 0  % on a-e/ 1 3 ,5 2 0

T o t a l  113,510
Contingency /5 %/ 5»9£0
Total operating costs 125,390

Sales
As the major part of the output is assumed to be 

exported, the calculation of sales revenues is based on 
average prices CIF I'orth Zuropoon parti 
selling price 0 .3 0 - 0 ,5 0 U£ l per m2 .
In the calculation, the overage price, in taken into
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consideration; under these assumptions, the sales revenues 
will amount to:

0*40 US # per m2 = 0.133 ZS per m2
0.133 ZS X  2,000 ,0 0 0 = 2 6 6 ,0 0 0 Zs
Profitability

Investment cost Zs 216,300
Sales revenues 2 6 6 ,0 0 0

Annual expenses:
- operating costs 125,390
- depreciation 15,730
- transport costs 40.000 181,120
The transport costeare based on experience 
from several projects in V/est Afri a.
Profit before tax 84,880
Het profit 33,950
Ket profit + depreciation <'5,680

Pay-back period os ratio of
Investnent/net prot.it + depreciation - 4*4 .years 

i.e. 50 ‘t higher v/hon compared with the profitability of 
plywood production.
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5/B The Production Process of Plywood

Tn the following production flow chert the different 
steps of production are demonstrated between the input of 
raw materials and the output of the finished product.

Plywood Production Flow

©Log Transport /Lorry/ 
Unloading /Mobile Crane/ 
Transport / " " /
Storage /Log Yard/ 
Transport /Mobile Crane/

Steaming /Vats/ 
Cross-cutting /Chain Saw/ 
Transport /Trucie/

Pieces of Veneer
I--------

Clipping
Storage
Transport

Peeling Veneer sheets

Peeling
Storage
Unreeling
Clipping
Transport
Storage

©
DryingSorting
Transport /High Lift Truck/

Trimming Repair
Jointing i
Transport Transport,



~or r:r ‘

I .  l o r  s t o r a g e

Lop's delivered fro:.i the forest nt the factory yard 
should be .sorted in donees acr.ordiii~ to die Fro ter /by 
increments of 10 cm/ and den stored on ’voodoo supports. 
Logo vh'us sorted car by loaded directly Into the steaming 
vats.

A lo g  ¿up-ply d f about 2,800 r? 'O'- id or' '■"* —ro d  a t
the beg lnri n.;; o f  :’cc ra iny aeon nr, .5r. o three norths
supply is  nsees."ory to corpenon•■; ■: r n re ni.y- ort re f t v i  c
during the r-ui;artor mouths. T d  ir.irxrv.- re lop 5 ip.rt: is  500
w l ic l  reprer-.'-nis o ie r d ir y - t^ s  sup e l - ; : 2 r

jnake up f o r  irre-ru lctt es o f  d e l iv e ry f y n o d ;■ rii’Ow'n
logging opern:. :.onn.

|

r
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Sprinkling of logs is not required since the storing of 
logs will not exceed three months and tropical hardwoods are 
slow to develop cracks in the climate of iVau, if shaded from 
insolation* Iio serious danger from attack by insects or 
fungi during the storage of logs at the factory yard is 
anticipated /see page /,

Log transport in the factory yard and filling of 
steaming vats will be done by a mobile crane of 16 tons 
lifting capacity* ho stabilization of the yard surface is 
required for the movement of the crane* Its lifting capacity 
pennits the carrying of a 6 tons load at a distance of 8 m 
which is important for the filling and emptying of steaming 
vats. A bridge crane which is currently used in large ply­
wood plants is too expensive to be installed for the planned 
small production capacity /since it costs some XS 120,000/, 
whereas a mobile crone is fully adequate for this task*

2* Steaming and cross-cutting
In order to plastify the roundwood end to improve 

peeling conditions et the peeling lathe the steaming of 
logs in necessary. It should be done by the indirect method 
in four steaming vats. The following steaming cycle is en­
visaged:

Filling of steaming vat 4 hours
Emptying of steaming vat 8 hours
Heating to a temperature 
of 85 to 90°C
Steaming at this temperature 
Conditioning, and cooling off

8 hours
40 hours 
12 hours

Total 72 hours
The steaming cycle is shown on Chart 2 /see the 

following page/.
For the steaming of 40.4 m3 four steaming vats are 

necescary, accounting for loss of time. Chart 1»—  2 shows 
the cycles of the heating schedule. The steaming vat should 
be filled the day it is emptied.
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The temperature to which peeler logs must be heated 
is determined from Chart 3*

Chart 3

Density of Wood g/cm^

The steamed logs shall be lifted by the mobile crane 
for handling on the landing where they shall be crosscut 
by a power saw into required lengths /i.e, 1.30, 1.90 and 
2.30 m/. Waste comprising bark, trimmings and saw dust shall 
be transferred by carriage to the waste hog. Debarking shall 
be done by hand after steaming. Debarked logs shall be pushed 
on a rail carriage to the depot in front of the peeling 
machine from ./here a monorail with electric hoist shall 
feed them into the peeling machine.
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3. Peeling and veneer clipping
The logs are placed between the chuck spindles /marking 

of the centres of the logs should be done with a template/.
A centering device is not recommended being too expensive. 
Veneer shall be peeled into thicknesses of 1.2, 2.0 and
3.0 mm. From this range of thicknesses plywood of almost 
any thickness can be composed, as is shown in Table 1 /see 
the following page/.

Veneer of 1.2 mm thickness shall be peeled off from the 
outer pert of logs in the whole knot-free zone. From the 
inner part of logs of poorer quality veneer of 2.0 and 3.0 mm 
thickness shall be peeled for core.

After fixing the log into the double /retracting/ chucks 
of the peeling lathe the log is rounded off into a cylindrical 
form. Pieces of veneer which are shorter than the log length 
and cannot be utilized represent a waste and are removed to 
the waste hog and used as fuel. Veneer peeled in log length 
and having a width of at least 15 cm is transferred by hand 
to mechanical clippers where it is clipped on both sides and 
piled on a pallet. Having got the log into cylindrical shape 
a continuous veneer sheet appears and is reeled by hand onto 
a bobbin. From there it is moved to an interim store in front 
of the clippers. The interim store should have three storeys 
in order to separate 1.2 mm veneer from 2.0 end 3.0 mm veneer. 
The third storey serves the purpose of returning empty 
bobbins. The veneer belt is reeled off by hand and cut into 
required dimensions leaving excess size for shrinking. The 
veneer is then stocked on the pellet and together with it 
transferred to the drier for drying. Having finished the 
peeling of th<? log the cylindrical core is taken out of the 
peeling lathe and carried away to the framesaw to be 
converted into small dimension stock.

The whole production process from the handling of logs 
up to the drier can be also organized as a continuous line 
using a debarkcr and an automatic crosscutting device, from 
where the logs could be transported before the peeling machine 
end fed into it by means of a fastening and centering device.



P l y w o o d  s t r u c t u r e  Table 1

Number o f  la y e rs 3 5 7

Rated th ick n ess 3 4 5 6 6 e 9 10 12 8 9 10 12 15

Face veneer ■■ 1 .2 1 .2 1,2 1 .2 1 ,2 1 ,2 1 ,2 1 ,2 1 ,2 1 ,2 1 ,2 1,2 1 ,2 1 ,2

Core RB) 1.2 1 ,2 1 ,2 2 ,0 2 ,0

Core « 1 ,2 2 ,0 2 ,0 3 ,0 3 ,0 1 ,2 1 ,2 2 ,0 2 ,0 3 .0

Centre an 1 .2 2 ,0 3 ,0 4 ,0 2 ,0 2 ,0 3 ,0 2 ,0 4 ,0 1 ,2 2 ,0 2 ,0 2 ,0 3 ,0

Core m 1 ,2 2 ,0 2 ,0 3 ,0 3 ,0 1 ,2 1 ,2 2 ,0 2 ,0 3 ,0

Gore ■n 1 .2 1 ,2 1 .2 2 ,0 2 ,0

Face veneer « 1 .2 1 .2 1 .2 1 ,2 1 .2 1 ,2 1 .2 1 ,2 1 .2 1 ,2 1 ,2 1 ,2 1 ,2 1 ,2

To tal th ick n e ss • 3 ,6 4 ,4 5 ,4 6 ,4 6 ,8 8 ,4 9 ,4 10 ,4 1 2 ,4 8 ,4 9 ,2 10 ,8 12 ,4 15 ,4

Compressing X 5

Sanding X 9 ,9 9 ,7 6 ,9 6 ,8 6 ,6 4 ,0 3 .0 3 .0 2 ,4 4 ,0 3 ,0 2 ,4 2 ,0 1 .5

A ctu a l th ick n e ss - 3,1 3 ,8 4,8 5 ,7 6 ,0 7 ,7 8 ,7 9 ,6 11 ,5 7,7 8 ,5 10 ,0 11,5 14,7

P e rm iss ib le  to le ran ce - ♦ 0 ,2 ♦ 0 ,4 ♦ 0 ,4

acco rd in g  to  ISO ■a -  0 ,5 •  0 ,6 -  0 ,7

I

1
1

5
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The outcoming continuous sheet could be automatically reeled 
and transferred to the drier by another automatic device for 
reeling-off the veneer. In this case the clipping of the 
veneer should be performed behind the drier. The whole line 
would require only 6 men and its capacity would be about
10,000 m3 per shift. Such a line is very sophisticated and 
complicated to operate and maintain, it requires a lot of 
conveyers, spare parts and is very expensive. For the intended 
capacity and conditions prevailing in the Sudan this line 
would be utterly unsuitable.

Capacity of peeling lathe
The peeling lathe, operating 275 working days a year, 

should peel 3*9 m3 of moist veneer per hour. The average 
performance of a peeling lathe, taking into account loss of 
time, for log lengths of 130 and 230 cm and a veneer 
thickness of 1.2, 2.0 and 3.0 mm and supposing an average 
log diameter of 50 cm /which would represent the average 
log diameter in the Sudan/ is 4.5 m3 per hour.

4. Veneer drying and sorting
Veneer shall be dried in 8 jet drier with a belt con­

veyor with impact air circulation. Veneer shall be dried to 
a final humidity of 6 % for furniture plywood glued with 
urea-formaldehyde glue and to a final humidity of 8 - 10 % 
for WBP plywood glued with phenol formaldehyde foils.

The dried veneer is sorted behind the drier according 
to quality and size. It will be necessary to establish 
quality standards of sorting sfter running in the plant.
Sheets requiring surface repair shall be transferred to the 
plugging machine and sheets with edge cracks to the tables 
tor manual repriring. Each type is piled on a sepárete 
pallet. Once the pallet is loaded the veneer is carried, as 
the case may be, either for repair, or to the press, while 
undersized pieces are taken to the trimmer and jointer.

5. Veneer .jointing, treatment and repair 
Undersized pieces of veneer ere taken in the trimmer
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i where glue is spread on the edges and then the pieces are
matched in the jointer into an endless belt which is again - 
cut into suitable sizes. Of the total amount of dry veneer 
about 30 % will be undersized which represents 7.4 m3 per 
day. The capacity of the trimmer being 2.5 m3 per hour, one 
machine is sufficient.

Pieces of veneer spread with glue are matched in the 
transverse jointer. Since veneer of all lengths /125, 185 
and 225 cm/ is to be matched, the working width of the 
jointer should be 230 cm. The feed of the machine is 7 m/min. 
At an average veneer length of 178 cm and thickness of 2.0 mm 
the performance of the jointer in 420 minutes /with a utili­
zation capacity of 0.8/ would be 7 m3.

End cracks in whole sheets shall be mendied manually on 
tables. Surface defects /knots, decay/ shall be removed on 
the veneer plugging machine.

6. Spreading of glue
The urea-formaldehyde glue /prepared from glue containing 

the ZnCl2 hsx-dener, non-edible flour, and water/ shall be 
spread by the glue spreader at a rate of 180 to 200 g/m2.
Daily output averages 18 m3 of plywood. Yv'ith regard to the 
structure of production 2,050 sheets of veneer should be 
spread over with glue per day. The capacity of the glue 
spreader is about 2,500 sheets per shift.

The glue is put on both sides of the core /in three 
layer plywood/ or coree /in plywood with more layers/ and 
then the assembling is made by hand. The assembled pieces 
are moved on pallets to the press.

WBP plywood shell be glued with phenol formaldehyde 
foils, consequently no spreading of glue is necessary.

7. The preening of plywood
It is made in the heated press. The press shall be 

filled by hand from a hydraulic lifting table. The plywood 
for furniture in pressed at a temperature of platens of 
105 to 110°C and at a pressure of 16 kp/cta2. For IVBP Ply­
wood the temperature should be 140 to 150 °C, The pressing 
cycle in seconds for various plywood thickness is as follows*

- 1 1 7  -
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3 and 4 mm 6 mm 15 mm
Pilling of press 60 60 60
Closing of press 30 30 30
Pressing 180 270 480
Opening and emptying 60 60 60
Total time in seconds 330 420 630

Press capacity
Annually 3*571 hours are required for pressing this 

amount of plywood at the given cycle. A one-shift operation 
/275 days x 7 hours * 1,925 hours/ covers only 54 % of the 
required capacity with a press in 15 openings. Consequently 
the press must be operated in two shifts.

The manual filling of a press with a larger number of 
openings is not feasible. In this case an automatic filling 
and emptying device and a cold pre-press are required, but 
this would substantially increase the price of the pressing 
equipment. Therefore, the press shall be filled from the 
lifting table.

8, Sizing of panels
This is mode on the double sizing saw. Its capacity, at 

a feeding speed of 20 m/min, average plywood thickness of 
4 mm, siza 122 x 183 cm* 0.8 utilization of working time,and 
a 4*2 m distance between the step motion of the belt* is 
about 3,0 m3 per hour.

The first 8izing saw cuts along the face grain* the 
second one transversally to it. The waste from the sizing 
sews 3hall be transported manually to the waste hog.

Repair of defective plywood shall be made by hand. Re­
paired plywood shall be pressed in the second shift using the 
free capacity of the press.

fj. Sanding
Sanding of plywood shall be done only on 3* 4 and 6 mm 

thick plywood sheets in as far the plywood quality suits 
furniture production and exports. Plywood of lowest quality
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shall be used for containers, this shall not be sanded» WBP 
plywood intended for construction shall also not be sanded» 
The performance of the three drum sender is higher than the 
expected production, consequently the sander shall operate 
only during one shift. Since there is only one sander the 
sheets must be returned for sanding the other side»

A high fork lift truck shall be used for the transport 
of finished plywood into the store and from the store to the 
vehicle used for external transport» It shall also be used 
to transfer dry veneer.

In Table 2 and 3 /see the following pages/ the movement 
of material and the waste arising from various operations 
in the production process are given for an annual outpt of
5,000 m3 of plywood manufactured in one shift numbering 275 
and 300 working days, respectively» Waste and losses are 
calculated from the timber volume* Both a 45 % end a 50 % 
rate of utilization are considered, but Chart 4 /see page 
1 2 5/ shows only the 45 rate of utilization.

The possible plant layout is shown in Chart 5 /see page 
126 /. The layout may be, of course, altered by the deliverer 
of the machinery»

The manpower specification is given in Table 4 /see 
page 122 / and equipment requirements are listed in Table 5 
/see page 123 /.
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Movement of Material 
Rate of utilization 45 %

Outputs 5,000 m3 plywood per annum
Log consumption: 11,100 m3 per annum,

2.22 m3 per m3 of plywood

Table 2

I t e m Output Waste 
in % in %

Volume in m3 Total 
275 300 waste
working days losses

Logs into steering vats 100
pex day 
per hour

40.45.8
37.0
5.3

Handling loss
per day 
per year

7 2.8 2.6
777

Peeling machine processes 
per day 
per hour

93 37.6
5.4

34.4
4.9

Wet non utilizable waste 
per day 
per year

14
5.7 5.2

1,554
Cores

per day 
per year

12
4.8 4.4 1,332

Output of wet veneer 
per day 
per hour

67
27.1
3.9

24.8
3.5

Losses due to shrinking 
per day 
per year

6
2.5 2.2

666
Output of dry veneer 

per day 
per hour

67 24.6
3.5

22.6
3.2

Wsste from dry veneer 
per day 
per year

8
3.2 3.0

888
Volume processed in the 
press per day 

per hour
53 21.4

3.0
19.6
2.8

Losses in pressing, trimmin 
and sanding

per day 
per year

0’o 8
3.2 3.0

888
Finished plywood

per day 
per hour

45 18.2
2.6

16.6
2.4

I
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Table 3
Movement of Material m

Rate of utilization 50 %

Output: 5*000 m3 plywood per annum
Log consumption: 10,000 m3 per annum

2,00 m3 per m3 plywood

I t e m Output Waste 
in % in %

Volume in m3 
275 300 working days

Total
waste
losses

Logs into steaming vats 
per day 
per hour

100
36.55.2 33.34.8

Handling loss
per day 
per year

6
2.2 2.0

600
Peeling machine processes 

per day 
per hour

94
34.3
4.9

31.3
4.5

Wet non utilizable waste 
per day 
per year

14
5.1 4.7 1,400

Cores
per ctay 
per year

12
4.4 4.0

1,200
Output of wet veneer 

per day 
per hour

68
24.8
3.5

22.6
3.2

Losses due to shrinking 
per day 
per year

6
2.2 2.0

600
Output of dry veneer 

per day 
per hour

62
22.6
3.2

20.6
2.9

Waste from dry veneer 
per day 
per year

6
2.2 2.0

600
Volume processed in the 
press per day 

per hour
56

20.4
2.9

18.6
2.7

Losses in pressing* trimming 
sanding

per day 
per year

6
2.2 2.2

600
Finished plywood

per day 
per hour

50 18.2
2.6

16.6
2.4



122 -

Table 4

Manning table

Number Per
person

Annual salaries 
or wages /ZS/

A - WAU
General manager 1 3,600
Technical manager 1 3,000
Plant engineer 1 1,800
Assistant plant engineer 2 900 1,800
Administration manager 1 1,800
Senior accountant 1 1,200
Accountants 2 600 1,200
Senior clerics 2 600 1,200
Junior clerics 3 400 1,200
Secretaries 2 360 720
Typists 2 300 600
Office boys, watchmen 5 180 900
Chief mechanic 1 700
Production supervisors 3 560 1,680
Storekeepers 2 560 1,120
Foremen 8 480 3,840
Skilled workers 30 400 12,000
Semi-skilled workers 24 300 7,200
Unskilled workers 30 200 8,000
Drivers 2 240 460

T o t a l 123 54,040

B - KHARTOUM
Sales manager 1 2,400
Senior clerk 1 960
Accountant 1 960
Junior clerks 2 400 800
Secretary 1 400
Typist 1 360
Driver 1 300
Storekeeper 1 600
Unskilled workers 3 280 840
Watchmen, messenger 4 200 eoo

T o t a l 16 8,420

G r a n d t o t a l  139 62,460
S S S S S 8 S C 8 'S 3 e S S S e S S S S S 8 S S 8 S 8 S 3 S 8 t 6 S 8 8 S S C ? S S S S r 8 esSSS38SSSB:
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Table 5
Equipment Requirements

Equipment Power 
demand 
in ÎC.7

Heat
consumer
Kcal/h

PriceZS

A m Log yard
1. Storage

1 mobile crane 16 t 25,500
2 chain saws 6 2.000
S u b - T o t a l 6 - 27,500

B. Production line
2. Steaming and cross-cutting

Equipment for steaming vats 
/2 pumps, steam distribution, 
covers/ 6 400,000 8,000

Equipment for crosscutting - - 500
2 truck for logs and waste 
with rail 550

3. Peeling and veneer clipping 
1 monorail with electric hoist 5 •m 1,500
1 \reneer lathe 75 45,000
1 reeling equipment, hand-

operated, with bobbin magazin - 2,000
1 truck for undersized pieces 

of veneer 200
2 veneer clippers 10 7,000

4. Veneer drying and sorting 
1 veneer drier 120 1,400,000 58,000

5. Veneer jointing, treatment 
and repair
1 veneer trimmer 20 - 16,000
1 veneer jointer with clipper 11 1 3 0 ,0 0 0 28,000
1 veneer plugging machine •7t - 5,300

6, Glue spreading 
1 glue spreader 5 4,000
1 glue mixer 2 - 1,000
1 glue storage complete 4 - 1.650
Carried forward 265 1,930,000 1 7 7 ,7 0 0



r

- 124 -

Table 5 cont'd

Equipment Power
demand
in K*J7

Heat
consumer
Kcsl/h

Price
Xs

265 1,930,000 177,700
7 . Pressing

1 hydraulic hot press ia 
15 openings 50 700,000 45,000

1 hydraulic sinking table 
for loading 3 1,400

8 . Sizing
1 plywood sizing saw 20 10,000

9 . Sanding
1 three - drum sender 5Q . 16.000
S u b  - T o t a l 386 2,630,000 250,100

c . General services and
installations 
1 veneer knife grinder r 9,500
1 circular saw grinder 2 - 1,000
1 chain saw grinder 2 - 200
1 waste hog and blower 24 - 3,900
1 steem boiler complete 12 atp - 90,000
Exhaust plant 36 - 11,500
Equipment for producing 
and distribution of 
compression air /6 atp/ 3 0 3,400
Equipment for heat 
distribution mm * 4 , 0 0 0

Installation of electromotors 
light — 9,000
Lab.equipment /lab.hydraul. 
press, glue bond testing 
machine, lab.drier/ 10 6,500
High lift truck - - 6,000
Maintenance eauipment 10.000
5 u b - T o t e l 114 - 155,000

Sub-Total A 
Sub-Total B 
Sub-Total C

6
386
1 1 4

2,630,000
27,500

250,100
1 5 5 .0 P 0

G r a n d  - T o t a l 508 2,630,000 432,600

i

j
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5/C Material and Energy Consumption

Waste
At the expected 45 % rate of utilization of logs the 

following amount of wood waste will be available at the ply­
wood plant and should be disposed of:

Operation Quantity of waste from logs 
in % in m3/day in m3/year

Handling of logs 7 2.8 111
Peeling /wet undersized pieces/ 14 5.7 1,554
Cores 12 4.8 1,332
Waste from dry veneer 8 3.2 888
Trimming of plywood sheets 5 2.0 550

lo.5 5,101

In this survey only utilisable wood waste is listed. Not 
mentioned are losses caused by shrinking and pressing. The 
utilisation of wood waste for the production of particle boards 
or fibreboards is not feasible because of the small amount of 
waste which is beat used by burning for energy production.

Glue consumption
Plywood intended for furniture production shall be glued 

with urea-formaldehyde glue. The powder glue /which ia used 
also in the particle board production in Khartoum/ is msde to 
contain 64 & of dry substance /7 weight parts of glue powder 
and 4 weight parts of water at a temperature of 40 °C/. For 
glue prepared in this way the following recipe can be used:

55 % Of glue
20 f of non edible flour 
• 25 of water.
It is recommended to order from the producer a glue which 

contains slready the ZnCl2 hardener. In this esse the prepa­
ration of the hardener, and also its transport costs, are 
eliminated. If glue without hardener would be purchased, to



126 -

the total amount of gluing matter 10 % of a hardener /15 % 
of HH^Cl, 30 % of urea, 55 % of water/ should be added. The 
total spread of gluing matter is 180 to 200 g/m2.

For the intended production programme the requirement 
of glue powder shall be cs follows:

cm mm m3 piece8/m3 kg/m3
122 x 220 3 1,300 124 52
122 x 183 3 1,200 150 52
122 x 220 4 700 93 38,5
122 x 183 4 300 112 38,5
122 x 220 6 500 62 63

Annual glue consumption is 200,000 kg. Average con-
sumption of glue per m3 plywood is 5 0 kg.

Flour consumption is 9 kg per m3 of plywood. Total 
annual consumption of flour shall be 36,000 kg.

Glue requirements for waterproof plywood intended for 
construction:
Dimensions 120 x 183 cm - 15 mm - 31 pieces/m3.

Totel annual consumption of tegofoils is 600,000 m2.
Heat energy
The distribution of heat energy consumption by the 

various appliences is given in the following survey.

kcal/h t/h t/day Gcal/year t/year
Steaming vats 400,000 o.a 19.2 2,640 5,280
Veneer drier 1,400,000 2.8 22.4 3,080 6,160
Veneer jointer 130,000 o.3 2.4 286 660
Press 700,000 1.4 22.4 3,oeo 6,160
T o t a l 2,630,000 5.3 66,4 9,086 18,260
sss8«e?sssses=£ i

t

it ii it u n ¡1 n ii ti h! S 3 S S S S S ======= 5======
q  086Heat requirements per m3 plywood: ** 1*8 Gcal/m3

The necessary amount of hest energy of about 2.6 Gcal/h 
shall be supplied by a steam boiler operating at a pressure
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of 12 atmospheres* The condensated steam shall be returned 
to the boiler* Wood waste shall be used as fuel* It shall 
be shortened by a circular saw, fragmented by a waste hog 
and burnt in a stoker*

The consumption of 2,6 Gcal/h refers to the first shift, 
in the second shift consumption shall be 1,1 Gcal/h and In 
the third shift 0,4- Gcal/h,

Fuel consumption
The caloric power of wood waste is assessed at 2,500 

kcal/kg* The boiler's efficiency being 0.75 fuel consumption 
shall be:
in the first shift:

Q
2,630,000

= 1,402 kg/h 8 » 11,216 kg
2 ,5 0 0 x 0.75

in the second shift:

Q
1,100,000

= 586 kg/h Q _ 4,688 kg
2 ,5 0 0 x 0.75

in the third shift:

Q
400,000

* 288 kg/h X 8 « 2,304 kg
2,500 x 0.75

Fuel requirement per day 18,208 kg

In the plywood plant a daily amount of 20,350 kg of 
wood waste is expected to be available* From this amount 
only 13,970 kg shall be burnt. The cores, /i*e. the cylinders 
remaining after the peeling process representing 5*8 m3 
/6,380 kg/ per day/ shall be transferred to the Wau Training 
Sawmill and there converted on a small frame saw into small 
dimension stock, thus obtaining 3*5 m3 f sawnwcod a day.

The remaining requirement for fuel shell he met by the 
Wau Training sawmill where 12,000 kg of wood waste will be 
available from the planned sawmill output.
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Electric energy
Consumption of electric energy shall be as follows:

Installed
bW

Used
kwh I.shift

kwh/D 
II.shift Total kwh/year

Equipment 508 356 2,848 552 3,400 935,000
Light 14 7 28 28 7,700
T o t a l 522 363 2,848 580 3,428 942,700

The consumption of electric energy per m3 of plywood is 
188 kwh/m3.

The required electric energy shall be supplied by the 
power plant in Wau. The Wau Training Sawmill has a stand-by 
generator with a capacity of 208 KW which is at present un­
used*

Should the power plant in Wau be unable to supply elec­
tricity for want of installed capacity, a consumer’s power 
plant could be installed at the plywood mill /to the 208 KW 
Diesel generator mentioned above another 500 KW Diesel gener­
ator could be bought which would supply electricity to the 
plywood plant including sliced veneer production/* In this 
case the price of electricity produced would not exceed the 
price charged by the power plant in Wau which is thac taken 
into account in the cost calculation /see Annex 5/'£■/•

In the second shift the power consumption shall be limit­
ed to requirements for preparing and spreading of glue, for 
operating the press and for lighting.

Water consumption
The water consumption for industrial purpose is computed 

as follows:
Steaming vats 1 m3/h x 24 h 
Preparation of glue 1 m3/h x 16 h 
Washing of the glue spreader 
Boiler 2 m3/h x 24 h

24 m3/day 
16 m3/day 
1.5 m3/day 

¿6 m3/day
o t e 1 89.5 m3/day

i

i

J
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Annual water consumption for industrial use is 24,612 m3.
Water consumption for sanitary purposes and for drinking: 

100 1 per person per day about 2,500 m3
Total vater consumption 27,112 m3
Water consumption per m3 of plywood: 5.4 m3 
Spare parts end supplies for repair and maintenance.

A list of spare parte which are necessary for one year's 
operation is given hereunder. Included also are spare parts 
and material for maintenance which shall be specified as to 
type and quantity by the supplier of equipment.
T y p e  Q u a n t i t y
Peeler knives 15
Clipper knives 9
Cutters for the waste hog 30
Pressure-bar for peeling lathe 3
Pre38ure-bar for clipper 2
Circular saw blades for sizing 
device and waste crosscut saw 50
Abrasive paper 500 m2
Sew chains 10
Conveyer for the drier 
/life-time 2-3 years/ 1
Screws of the support of the peeler 1
Kut of feeding spindle 1
Electric motors 2
Lubricants and hydraulic oil оог- kg
Lubricating grease VjJ О о kg

Further spare parts and material which will be specified 
by the supplier of machinée comprises: steel rope for the 
mobile crane, bearings, valves, V-belts, construction materi­
al ftc.

L.
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lower and lift a load of 6 tons at a
pov/er, with ability to 
cistonce of 8 ra into or

from a depth of 3 n, operating on 0ie3el oil. The mobile crane 
shall be used for unloading logs from lorries, lor storing 
logs ixi the log yard, for the transfer of logs into the 
steaming vats, and for movhg the steamed logs to the cross­
cutting device.

2. .-teaming and cross-ci. tting
feed piping for steam reduced to 1*3 atmosphere into 

four steaming vats dimensioned 12 x 3 x 3 m, and drain piping 
to tne boiler house, including heating calcrifere in the 
steaming vats.

Two pumps 1'cr pumping '.voter
Covers for the steaming vats made from stainless steal 

with polystyrene insulation
Two electric chain sav/s /one ns s reserve/ able to cross-l

cut logs of e diameter of uy to 120 cm.
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3. Peeling and veneer clipping
The peeling lathe
Requirements concerning the peelin- lathe
The peeling lethe should be sole to process logs of a 

length between 130 and 230 cn, These dimensions limit the 
maximum and miminrutr. length of the peeled log without using a 
prolonging spindle /such machines are already offered in the 
market/. With regard to potential log diameter, especially 
with mahogany, the cross-transverse motion of the support 
should enable peeling of logs up to a diameter of 120 cm.

The number of spindle revolutions need not to exceed 
150 per minute, since the reeling is done by hand and the 
cutting speed will be sufficient even at low revolutions, 
with respect to the expected size of logs. The range of 
thickness required extends from 0.5 to 6,0 mm. The Ward 
Leonard device for the regulation of revolutions .is not 
recommended /being rut her expensive/, a three-pole commu­
tation electric motor for changing the spindle revolution 
in correspondance with the diminishing 3og diameter will be 
sufficient. The machine should be equipped with double 
/retracting/ chucks, the diameter of the outer spindle 
measuring at least 26 cm and of the inner one at least 
13 cm. The machine shall be equipped with a casette which 
permits the installation of the knife in exact position 
with respect to the spindle axis after sharpening. In order 
to prevent the bending of the log at the end of peeling a 
backup roll should be added to the machine.

Reeling equipment with bobbin magazine
The reeling equipment is placed on rails behind the 

peeling l f s t h e  so that it can be moved away when undersized 
pieces of veneer leave the peeler. The length of the bobbin 
is 2,300 mm.

The full bobbin is moved into the bobbin magazine from 
where it glides automatically to the clipper.

The bobbin magazine is made of iron, with two storeys 
for full bobbins and the third one /inclined towards the

\[
l.

I



peeling lathe/ for returning the empty bobbins. The diameter 
of the empty bobbin is 0.2 m, the diameter of the full bobbin 
is 0.6 m. Ten bobbins are necessary /for each storey/.

Clipper for the veneer belt
- Length of the knife in mm 2,400
- Speed of the feeding conveyer

in m per min. 0 - 60
- Speed of the removing conveyer

in m per min. 30
- Compressed air di-ive in kg/cm2 6
- Possibility of clipping both automatically 

by photo-electric cell and by hand
Clipper for undersized pieces of veneer
Instead of feeding and removing conveyers:benches or 

rollers. No photo-electric cell for clipping is required. 
Length of knife, as given before.

4. Veneer drying and sorting
Requirements concerning drier
The drier should dry 27 m3 of moist veneer $t 24.6 m3 of 

dry veneer per day. The initial humidity of vent»*:? being 80 % 
and the final one 6 f, 13,966 kg of water should be evaporated 
per day. This represents 1,S98 kg of weter per hour, based on 
one 7 hour shift. With a working width of 2.8 m a belt length 
of 55*3 m is required, consequently a three storey veneer 
drier 20 m long /excluding the cooling-off zone/ is necessary. 
The drier will be heated by steam at s pressure of 12 atmos­
pheres •

Technical requirements:
- Width of belt in mm 2,400
- Length of heated zone in nan 3 x 20,000
- Length of cooling-off zone in mm 3,000
- Pressure in atmospheres 12
- Average output of dry veneer

in m3/hour 3.0
- Behind the crier a transversal rubber conveyer for 

sorting vcr.eer sheets shall be installed.
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5» Veneer jointing, treatment and repair
Trimmer
- Operating length in mm 2,400
- Height of Handle before pressing in ram 300
- Feed rate in m per min. 12
Transverse .jointer
- Operating width in mm 2,300
- Feed rate in m per min. 9
- Required output in m3 per day 7
- The jointer is equipped with a clipper.
Veneer plugging machine
Surface defects shall be removed on the veneer plugging 

machine.
- Diameter of the plug puncheon in era 15
6. Spreading of glue
The glue spreader should have a drily output /in two 

shifts/ of about 2,100 sheets.
The glue will be prepared directly on tne ili:e spreader, 

on which a glue mixer i3 fastened\ from there the glue is 
pumped to the glue spreader.

The capacity is about 1,000 leg of glue mix in two shifts.
7. Pressing of plywood 
Requirements concerning the press:
- Pressing plates in mm 2,600/1,300
- Number of openings 15
- Day light of opening in mm 70
- Greatest total pressure in kp/cm2 1,050
- Highest specific pressure in kp/cra2 25
- Hydraulic fluid: wster + 5 % ofemulsion gease
- Length of input side in mm 2,300
- Closing speed in mm per sec. 100
- Heating: by steam
- Prancing dates equipped with metal cauls.
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Filling of the press end closing from the upper opening.
8. Sizing of panels 
First sizing saw:
- Maximum edging width in mm 1,400
- Minimum edging width in mm 1,000
Second sizing sew:
- Maximum edging width in mm 2,400
- Minimum edging width in mm 1,700
Feeding speed in ra per min. 20
9., Sanding
Three-drum sander:
- Operating width in nun 2,050
General services and installations
Veneer knife grinder:
- Disk diameter in mm 3,200
circular saw grinder:
- universal
V/aste hog and blower:
- hog width in ram 430
- Height in mm 120
- Feeding speed in m per min. 12
- Output in m3 per hour 3
Steam boiler:
- Capacity in Gcal per hour 5
- Pressure in atmospheres 12
The whole equipment is composed of
- the conveyer, means of transport and bunker
- the furnace
- the boiler with armature
- the device for fume cleaning and chimney
- the control panel
- the feeding pump
- the device for water conditioning.
The output of the steam boiler would cover also 

requirements for possible production of sliced veneer.
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maintenance equipment:
- Electric hand drilling machine
- Electric pillar drilling machine
- Universal grinder
- Shaping machine
- Tin shears
- V/elding apparatus
- Universal lathe
- Universal milling cutter
- Hack saw
- Saw set pliers
- Diverse grinding disks, 15 pieces
- Lccksmith^s equipment
- Electrical outfit
Modern equipment of this type is available in the 

maintenance working shop of the Jau Training Sawmill. 
Laboratory equipment 
Hydraulic press:
- dimensions of platens in mm 300 x 300
- specific pressure in kp per cm2 25
- Day light in mm 200
- Electric heating
Glue bond testing machine:
- total strenght in tons 0.5
Laboratory drier
- v/ith a thermostat up to 200 °C 
Laboratory scales
Hopler viscosimeter 
Laboratory table 
Laboratory glass
Electric moisture-content Indicator for veneer 
Other auxiliary equipment "/ill be produced locally:
- 10 work tables
- 50 pallets for veneer and plywood to be transferred

by high lift trucks.

»
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Firms delivering machinery and equipment for plywood
plants:

Sienmelkamp - Maschinenfabrik 
Krefeld 1
Deutsche Bundesrepublik /У/est Germany/

Hildebrand - Maschiaenbeu Grub H 7446 
Oberboihingen
Deutsche Bundesrepublik /7/eBt Germany/

RFR - Vereinigte Furnier - und Sperrholz - 
Maschinenfabriken 
Hamburg 33 
V/iesendamm 30
Deutsche Bundesrepublik /west Germany/

C .Muller-Forat - Maschinenfabrik und Eia efigies aerei
bei Holzminden an der ï/eser 
Deutsche Bundesrepublik /"/est Germany/

Angelo Cremona and Figlio - Monza
Yiale Lombardia 275 
Italia /Italy/

Lahden Rautoteollisuus - Lahti
Suomi - /Finland/

Coe Manufacturing Co, - Painesville
Ohio - USA
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5/E Coni: of electricity prod ed by consumer'n
power охал-

; ; . : e  О -Г ”.7 0 0 0 j.n su ' erorsi en x : vn electricity,
this would not ircreane the coat of elec :ric po;/;r above the 
current rate charged by the plant in ./su /i.e. Z3 0*035 per 
O h /  ec is shown by the cash-flow forecast presented below. 
The following assumptions were rade in this calculation:

Investment cost of consumer's power plant 
including installation in 'lau
Permanent working capital
Annual operating costs:
fuel 250,000 liter x %Z G.C9 £o,100
wages etc. 1,750__

to

35,OOC
5 , 0 0 0

Internal reverve: 

Irterert on loans

3.5 li =

I
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Cash-flow forecast /in S3/
for consumers power plant in Wau

Conctr. 1 2 3 j 4
A, Sources of casl
1. Loans
2. Internal revenue

40,000
33,000 33,000 33,000 33,000 33,000

B. Uses of cash 40,000
1» Fixed capital 

expenditure 35,000
2. Permanent working 

capital 5,000
3. Operating costs 
4* Debt service

— 27,650 27,650 27,650 27,650 27,650

4.1 Interest on loans 3,300 3,672 3,531 3,378 3,209
4.2 Repayment of loans 1,350 1,478 1,619 1,772 1,941

C. Surplus/deficit

!

| S E C T I O N  1  |
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2 3 4 5 6 i 6 c 10 11

3 3 ,0 0 0 33,000 33,000 33,000 33,000 33,000 3 3 ,0 0 0 3 3 ,0 0 0 33,000 ЗЗ.ОСС

27,650 27,650 27,650 27,850 27,850 27,850 27,650 27,850 27,850 27,650

3,672
1,478

3,531
1,619

3,378
1,772

3,209
1,941

3,025
2,125

2,823
2,327

2,602
2,546

2,360
2,790

2,095
3,055

1,805
3,345

{ S E C T I O N  2

j
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10 11 12 13 14 15

3 3 ,0 0 0 3 3 ,0 0 0 33,000 33,000 33,000 33,000 33,000 33,000

27,050 27,850 27,850 27,650 27,650 27,850 27,850 27,850

2,602 2,360 2,095 1,005 1,487 1,139 758 340
2,546 2,790 3,055 3,345 3,663 4,011 4,392 3,584

+ 1,226

I S E C T I O N  3 ’•
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o/A Pricing of the output and receipts and costs 
during the start-up period

Selling prices
The calculation cf the average selling rrices is 

based on the following assumptions:
a/ it is expected that under normal conditions /beginning from 

the third operating year/ the structure of quality grades 
should be:
- for interior plywood /thicknesses from 3 to 10 mm/:

quality D3 /and better/ 20 1
quality B3/C 50 ',3
quality C 30 %

- for exterior plywood only two quality grades will be 
produced:
quality E3 50 >•
quality n/c !/-'

b/ the transport and sales expenses will be positively
influenced by the fact that the bul:: of thy or'. put will 
be distributed through the firm s cwn selling hTPau ir 
Khartoum; this will allow to bring v.holensle nod retail 
margins to relatively low levels when compared with the 
present situation of imported plywood.
The summary of the planned ex 'factory prices is given in 

the following table:
Prices ex factory 7’au /in /3 ;er m3/

3B
Quail by 

BH/C C
Aversg 
pri c e

3 mm 151.0 172.0 If b . 0 353.C
A  mm i C l  r

-L. # T fl r, — • ■-> 1 ?■ •;
—• -  • •  •- l - l i. « !.

5 nun 157.0 1 40.0 1 1 5 . 0 137.0
6 mm 115.0 '¡Lj< 3 - • 133.0
8 mm. 151.0 13d • h • ' / n • fN 

J  •
10 mm 151.0 1 .lit.' 13.-' .u
15 mm/ext.grade/ 1/5.0 130,!. - 137.0
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Based or. the average ex factory prices indicated in the 
preceeding table, the wholesale and retail prices are calculated
in the following wav /in tS per m3/:

Ex factory -Kiartoum 
Yfau wholesale

Khartoum
retail

3 mm 168.0 100.0 198.0
4 nun 141.0 153.0 171.0
5 mm 137.0 149.0 164.0
6 mm 135*0 147.0 162.0
8 mm 133.0 145.0 160.0
10 mm 132.0 144.0 159.0
15 mm 137.0 149.0 164.0
Note: in the calculation of the sales receipts, the 6 mm

plywood is taken as representing the whole group from 
5 to 10 mra /considering the relatively small volume of
this group, such e simplification cannot affect the
exactness of the calculai,ior./.

Sales and costs during the start-up period
Sales /in m3/

0
1

perating year 
¿2 3

Ex factory vVau ro o o 650 1,050
Khartoum wholesale 400 900 950
Khartoum retail 1,900 2,450 2,500
T o t a l 2,500 4,000 4,500

Selling prices /in ZS per m3/
Operating year 

1 2 3
Ex factory '.Van 143.3 145.5 154.1
Khartoum wholesale 155.3 161.5 165.1
Khartoum retail 173.3 170.5 161.6
Kote: it is assumed that during the first two years the output 

may be of lower quality /1st year: BB/C-50 5', C-50 ■/,
2 nd year: DB-10 3B/C-50 ‘.B, C-40 f/

tI



- 143 -

Sales revenue /in 1,000 ¡LS/
Operating year

1 2  3
Ex factory vVau 28.7 97.2 161.8
Khartoum wholesale 62.1 145.4 156.8
Khartoum retail 329.3 437.3 453.9
T o t a l  420.1 679.9 772.5

Operating costs during the running-in eriod 
/as a percentage of the final amount/

operating years
1 2 3

Level of output 50 80 95
Sales through Khartoum 
/as percentage of
total Kh.sales/ 66 96 99

Raw materials 56 65 96
Power, water 65 87 100
Spare parts, technical 
mat eriaIs 60 65

95
100-* r /.Vages and salaries ' 50 100

Sales expenses 70 90 100
Transport costs 66 96 99
Overheads, administrative 
expenses, insurance 80 90 100

y/'Rote: expatriate staff - 100 f.

During the iirst two operating years, tile wage bill is to
be increased to pay the salaries Of two expatriate experts;
their salaries, incl. allowances are assumed to be 7.2 700 and
¡LS 600 per month, the annual ex->once being IZ 15,600 /40 v' of
thin amount to be pa Là ir. icreign currency/.
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Summary of operating certs during the running-in period
/in lo/

operating years
1 2 3

Raw material 83,050 121,710 140,330
Urea adhesive 22,040 32 ,300 37,240
Technological flour 2,090 3,060 3,530
ihenolic foil 11,480 16,830 19,400
Sleetricsl energy 21,450 28,710 32,295
Water 700 940 1,080
Repairs and spare parts 9,030 12,790 15,050
Consumption of technical
material 4,860 6,910 6 ,1 3 0
Insurance 6,250 7,030 7,610
Wages and salaries 71,810 74,940 o2 ,400
Social security 10,770 11,2/0 9,380
Transport costs 25,160 36 ,620 37,770
Gales expenses 26,550 34,650 38,500
Plant overheads 27,320 0*0 34,150
T o t a l 323,000 416,470 447,825
Contingency /5 > / 16,150 20,920 22,390
G r a n d  T o t a l 339,150 439,390 470,215
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6/B Investment costs
Production mechinery and equipment 
As stated in chapter 6.2, the delivery of the plant 

will be carried out on a turn-key basis. It is, however, not 
excluded that minor items of equipment might be sub-contracted 
to local suppliers /the value of potential local deliveries 
is estimated not to exceed approx. 3 % of the total value of 
production machinery and equipment/. As the details of such a 
sub-contract could not be satisfactorily specified in this 
initial phase of the project, the investment costs of the 
machinery snd equipment are calculated under the assumption 
that the total sum has to be paid for entirely in foreign 
currency.

According to the Sudanese industrial investment regulations, 
it can be reasonably assumed thst all machinery and equipment 
may be granted the full exemption of custom duties.

The straight line of depreciation will be used. The write­
off period will be 10 years lor the production machinery and 
equipment and 5 years for the handling equipment.

Two replacements or repairs of investment character are 
planned to be carried out in the- 7th and 11th operating years 
/the amount of investment requirement being 20 %, resp. 50 % of 
the initial cost of the machinery and equipment/. The prices are 
assumed to be constant. The handling equipment is planned to 
be replaced every 6th year.
Calculation of the value of erected machinery /in %S/

Foreign
currency

Local
currency Total

Price CP Port Sudan; 
a/ log yard equipment 27,500 mm 27,500
b/ production line 264,700 - 264,700
c/ general installations 

and services 140,400 mm 140,400
Total CP Port Sudan 
Insurance /1.0 %/

432,600
4,330

432,600
4,330

Price CIF Port Sudan 432,600 4,330 436,930
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Foreign
currency

Local
currency Total

Price CIF Port Sudan 432,600 4,330 436,930
Exchange tax /14,875 %/ - 64,350 64,350
Development tax /2 1/ - 8,650 8,650
Additional tax /5 5V - 21,630 21,630
Clearing, insurance, transport 
to site /2.5 W 10,820 10,820
Value of machinery at site 432,600 109,780 542,380
Engineering, supervision 
/ 3 % /

4,330 8,650 12,980

Assembly and installation 
/10 %/

32,440 10,820 43,260

Value of erected machinery 469,370 129,250 598,620
Contingency and inflation 
allowance /10 f3/ 46,940 12,920 59,860
T o t a l 516,310 142,170 656,480

Construction v/orlcs
Owing to the climatic conditions in 7au, the economic lif

of constructions is assumed to be 2C years. Ko r■^placements
are planned during the 15 years'period included in the cash­
flow forecast.
A/ Factory at Wau Z>S
1. Levelling and preparation of the site, 

incl, log yard
20.000 m2; 0.5 ZS/m2 10,000

2. Roads on the site
1.000 m2; 2.5 ZS/m2 2,500

3. Operational building, incl. foundations 
for heavy machinery
2,400 m2; 50 £S/m2 1 2 0 ,0 0 0

4* Warehouses for plywood, spare parts, 
materials
1,200 m2; 30 JtS/n2 36,000

5. Administration building
200 m2; 35 JtC/m2 7,000

Carried forward 175,500
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is
175,500

6, Garage, workshops for vehicles
100 m2} 20 IS/m2 2,000

7. Concrete drainage /apron/ around *
operational building and warehouses
3 5 0 m; 8 13/m 2,600

8, Canteen, first-aid center, social services
300 m2} 35 £S/m2 10,500

9. Perimeter fence, incl. entrance area
600 m; 5 £S/m 3,000

10«Boiler house
150 m2} 40 IS/m2. 6,000

11.Steaming pits 2,400
12.Steam supply 500
13. Water and sewage installation 2,000
14. Fire protection 5,000
T o t a l  205,700

B/ Housing at ,.fav-
1. 2 residential houses for managers 20,000
2. Guesthouse 8,000
T o t a l  28,000

C/ Warehouse and sales section at Khartoum
1. Land, incl. levelling 750

500 m2} 1.5 lS/m2
2. Warehouse

200 m2} 40 T,S/m2 8,000
3. Administration building

50 m2} 30 %S/m2 1,500
4. Garage

40 m2} 15 XS/m2 600
5. Perimeter fence

70 a;} 5 ÏS/m2 350
T o t a l  11,200
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Summery IS

A/ Factory at Vau 80S,700
B/ Housing at .Vau 28,000
C/ Warehouse end sales section &t 

Khartoum 11,200
D/ Design work /6 % on A - C/ 14,930
E/ Contingency /approx.5 ‘<_on A-D/ 13,170
T o t a l  277,000

Transport, office and housing equipment
Price estimates for transport, housing and office 

equipment are considered as paid for in locsl currency. Even 
if partially imported, all these items are available on the 
local market end no exemptions from custom duties are expected 
to be granted.

The service life of the vehicles is assumed to be 4 years, 
the write-off period for the office and housing furniture will 
be 10 years. I. is planned to replace the vehicles every 5th 
year and the furniture in the 11th operating year /the 
replacement being made under the condition cl constant prices/.
Equipment to be purchased includes: j£>
1. 1 lorry 10 "/.au/ 10,000
2. 1 lorry 6 T /Khartoum/ 6,000
3. landrover /.'eu/ 5,000
4. Medium-price car /Khartoum/ 5,000
5. Office furniture and equipment 10,000
6. Furniture ana equipment for residential

houses 12,000
7. Furniture and equipment for the canteen

and first-aid center 8,000
T o t a l  56,000
Contingency /10 E/ 5,600
T o t a l  61,600
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Preliminary /développent/ expenses
The assessment is based on experiences with siniler 

industrial projects srd discussions in the Sudanese consultancy 
institutes ana firms. The write-off period will be 5 years.

Foreign
currency
//&/

Local
currency
/ t v

Total
/Zs/

1. Cost of establishing the
company - ooo•tIAJ 2,000

2. Tendering and commissioning
services, technical
assistance 9,000 9,000 18,000

3. Wages and salaries during
construction 1,000 32,600 3 3 ,6 0 0

4. Training of technical and
managerial personnel 12,000 4,000 16,000

5. Interest on capital during
construction x/ — ¿5,000 45,000

T o t a l 22,000 32,€CC 114,600
rj
ITote: according to the tining of construetion and installation

works, interest on capital durirg cons cruet .ioni is assumed
to be 6C cf the sum of intersst paid in the first
operating year

Schedule _ of depreciation
.investment Lepreciation Annualcost rate depreciation
/ZS/ !%/ /U/

Production machinery
and equipment 623,630 10 62,380
Handling equipment 34,650 20 6,930
Construction works 277,000 5 13,850
Vehicles 28,600 25 7,150
Furniture 33,000 10 3,300
Preliminary expenses 114,600 20 22,920
T o t a l 116,530

Eote? Beginning from the 6 th operating year, the sum of annual 
depreciation will decrease to %Z 93,610. The replacements 
of machinery and equipment will not affect the amount of 
depreciation.

!
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6/C Calculâtion of annual repayments of loans

,'s can ue seen in the cosh-flow fcr:cest, the operational 
loss in the first operating year has s very negative impact on 
the financial situation of the plant. To ip*pruve the liquidity 
in the i irst t’-o years, the foil ovin,y measures in the financing 
schedule are proposed:
a/ to postpone the repayment of principal of the medium-term 

and long-term loans from the Industrial Bank- of Sudan for 
the first, resp. the first two years, 

b/ to use the system of repayment in equal annual instalments.
All data concerning the debt service are given in table 7 

on the following page.
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L o a n  Amount Rate Period 
/'in ÌS/

Operating year
2 3

Supplier's 150,000 9 .5  % 5 years Princ. 24,814 27,712 29,754 32,581 35,679
cred it

In t. 14,249 11,891 9,309 6,482 3,384

In stai. 39,063 39,063 39,063 39,063 39,063

Long-term 400,000 8 .5  % 12 years Princ. • 20,459 22,198 24,085 26,133 L 1
loan 
X* B«S« Int. 34,000 34,000 34,000 32,261 30,374 28,326 C .1

In sta i. 34,000 34,000 54,459 54,459 54,459 54,459 C |

Uedium- 
term loan

300,000 9.5 % 6 years Princ. - 39,375 43,117 47,214 51,700 56,612

11,263

C .J

I.B .S . In t. 28,500 28,500 24,758 20,661 16,175

In sta i. 28,500 67,875 67,875 67,875 67,875 67,875 e i

Aggregate 
repayment of 
principal

24,814 66,547 93,330 101,993 111,464 82,745

Aggregate in terest 76,749 74,391 68,067 59,404 49,933 39,589

Aggregate annual
instalment 101,563 140,938 161,397 161,397 161,397 122,334 U  1

I S E C T I O N  1 |



^  year
3 4 5 6 7 8 9 1C 11 12 13 14

29,754 32,581 35,679

9,309 6,482 3,384

39,063 39,063 39,063

20,459 22,198 24,085 26,133 28,355 3C.766 33,382 36,220 39,299 42,640 46,265 50,198

34,000 32,261 30,374 28,326 26,104 23,693 21,077 18,239 15,610 11,819 8,194 4,261

54,459 54,459 54,459 54,459 54,459 54,459 54,459 54,459 54,459 54,459 54,459 54,459

43,117 47,214 51,700 56,612 61,982

24,758 20,661 16,175 11.263 5,893

67,875 67,875 67,875 67,875 67,875

93,330 101,993 111,464 82,745 90,337 30,766 33,382 36,220 39,299 4 2 , 640 . 46,265 50,198

68,067 59,404 49,933 39,589 51,997 23,693 21,077 18,239 15,610 11,819 8,194 4,261

Tabla ?

161,397 161,397 161,397 122,334 1 2 2 ,J34 54,459 54,459 54,459 54,459 54,459 54,459 54,459
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6/D Cash-flow forecast /in ZS/

- 152

Construat ion Operaticg years
1 ~v 1 2 3 4

A . Sources of cash ¿60,000 ¿90,000 420,100 679,900 772,500 £50,100
1. Financial resources, 

total 260,000 990,000

1*1 Loans £50,000
1.2 Equity 260,000 140,000

2. Sales revenue 420,100 679,900 772,500 850,100

B. Uses of cash 253,800 952,180 455,713 580,328 631,612 636,192 I
1. Fixed capital 

expenditure 253,800 857,680

1.1 Construction works 110,800 166,200
1.2 Machinery end 

equipment 108,000 612,0£0
i.3 Preliminary erpenses 35,000 79,600

2. Permanent working 
capital 94 ,3 0 0 15,000

3# Operating costs 339,150 439,390 470,215 474,795 ]

4. Debt service 101,563 140,938 161,397 161,397 j

4.1 Interest on loans 76,749 74,391 68,067 59,404 I
4.2 Repayment of loans 2 4, £14 66,547 93,330 101,993 j

5* Tax on profit
C. Surplus /Deficit of cash //,-B/ 6,200 37,820 - 35,613 99,572 140,888 13,906

Surplus/Deficit
accumulated 4 4 ,02 0 8,407 107,979 248,867 462,776

S E C T I O N  1 |
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1

3 4 Г 6 7 G
> 10 11 12

,500 850,10G 850,100 Elio, ICG 850,100 650,100 850,100 850,100 850,100 650,b

33,500 850,100 850,100 850,100 650,100 850,100 850,100 850,100 850,100 650,1

: 1,612 636,192 664,792 777,043 671,714 684,055 714,225 687,328 1,068,740 691,1

26,600 34,650 124,766 28,600 379,565

l O |  vjO O 34,650 124,766 28,600 379,565

■”>,215 474,795 474,795 474,795 474,795 474,795 474,795 474,795 474,795 474,7'

1,397 161,397 161,397 122,334 122,334 54,459 54,459 54,459 54,459 54,4 5
,067 59,404 49,933 39,569 31,997 23,693 21,077 18,239 15,160 11,8
,330 101,993 111,464 82,745 90,337 30,766 33,382 36,220 39,299 42,6-

145,264 149,619 154,801 156,371 158,074 159,921 161,9

■0,888 213,908 185,308 73,057 - 21,614 166,04 5 135,675 162,772 -218,640 156,'
3,867 462,775 646,083 721,14 0 699,526 £65,571 1,001,446 1,164,216 945,578 1 , 104
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5

L
............ .........

.J

■ ■ 1



;

- Оj 10 11 12 13 14 15 Terminal
value

'9,ICC 850,100 850,100 850,100 850,100 850,100 £50,100 850,100

50,100 650,100 850,100 850,100 650,100 850,100 850,100 850,100

4,055 714,225 687,328 1,068,740 691,180 721,955 695,714 643,812

26,600 379,565 28,600 218,311

28,600 379,565 28,600 218,311

109,300

4,795 474,795 474,795 474,795 474,795 474,79-* 474,795 474,795

4,459 54,459 54,459 54,459 54,459 54,459 54,459
.>,093 21,077 18,239 15,160 11,819 8,194 4,261

,7 0 6 33,382 36,220 39,299 42,640 46,265 50,198

4 ■ :, e o i 156,371 158,074 159,921 161,926 164,101 1 6 6 ,4 6 0 169,017

,04 5 135,675 162,772 -218,640 158,920 128,145 154,386 206,288 327,611

4,571 1,001,446 1,164,218 945,578 1,104,496 L,232,643 1,387,029 1,593,317 1,920,928

I S E C T  1 0 N  3
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6/E Calculations cf the commercial profitability oi
the project

The commercial profitability is calculated or. the 
assumption that the present level of plywood price in the 
Sudan will be evt by more then half, this meanG that there 
remains a very broad margin to raise the commercial profit­
ability of the project - if it should be desirable - as will 
be shown by the sensitivity analysis examples.

The calculations of the commercial profitability are 
based on two basic data:
- cost and profits of an '’average" year /arithmetical mean/
- cost and profits of the 6th operating year /ir.ediane/ 
aa can be seen from the following table /in £S/:

Total capital investment: 1,220,980

forecast operational accounts:
pyAV-l 8th year

Sales
у err

004 , vif £■ 50,100
Expenses:
— operating costs 463,ось 474,795
- depreciation 101,210 93,610
- interest paid 33,505 23,693
— total 537,801 592,098
Tax on profit 105,717 154,001
Profit:
- before tax and depreciation 308,322 351,61?
- before tax 207,112 258,002
- after tax /net profit/ 101,355 103,201
- after tax and before depre­

ciation ; o p, :/т 736,811
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Return on investment as ratio of:
average
year

8th year

RCTj
profit before tax and depreciation

25.3 & o p  C

investment £.Q«G /*

ROI.,
c.

profit before tax
17.C 2i.i î;investment

ROI3 profit after tax and bef. deprec.
investment 16.6 fj 16.1 ft

roi4
net profit 
investment 8.3 % c.5 ft

Pay-back period as ratio of:

investmentPL>V 4.C years 3.5 yearsprofit before tax and cU?prec.
investmentpgp C.0 years 6.2 yearsrroi.’.t after tax ano aefore deprec.

Commercial profitability as ratio of sales and
profit:

profit before tax T?P 25.7 % 30.3 ftiUl sales revenues
r.et profit Rp ---- ■

sales revenues
32.6 ft 12.1 ft

Break-even analysis
The break-even point /BER/v/., ore rev e ni;es and costs, incl.

depreciation and tax on profit, are e<;Uf>l will be calcule ted
urins the formule ;
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x' 0 + c • 3 ^ v 0
3EP /in %/ ------------------- X 100

2K - VC - 0.7 CVC

where: FC
SVC
VC
SR

fixed costs 
seini-va^iable costs 
variable costs 
sales revenues

The calculations are besed on the presumed data for the
8th operating year /in /&/:
sales
variable costs : raw material 143,190

850,100

adhesives 61,400
water, energy 34,075
transport costs 38,150
contingency 13,770 290,585

fixed costs: cl e precis vicn 93,^10
interest paid >3,693
insurance 7,810
overhec C3 34,150
contingency 2,090
tax on profit 154,801 316,154

semi-variable costs: remaining operating costs,
incl. contingency 140,160

BEP « -
316,154 + 42,048 ---  x 100 = 77.6 0
350,IOC - 290,585 - 98,11:
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Cost /Benefit A nr. lysis /in %B/

B, Benefits 
Loans
Seles revenues
Tot el

Construe Mon 
1 2

Opere tin;; years 
1 ' 2

850,000
420,100 679,900! 772,500 850,lot

850,000 420,100 679,9001 772,500 850,10(

C, Costs
Fixed cepital expenditure 253,800 £57,880
Permanent working capital 9 4 ,3 0 0 15,000
Operating costs 339,150 439,390
Debt service 101,563 140,938
Tax on profit
Total 2 5 3 ,8 0 0 952,180 455,713 5CC.328

470,215 474,791
161,397 161,39'

6 3 1 ,6 1 2 636,192

B - C
B - C accumulated

-253,800 -102,160 -35,613 99,572 | 140,888 213,908
-355,980 -391,593 -292,021-151,133 62,775

Ilet present value /12 %¡ -253,800 -91,247 -28,384 70,895 89,605 121,286
NFV 12 % accumulated -345,047 -373,431 -302,536 -212,931 -91,64!
TTet present value /25 %/ -253,800 -81,744 -22,792 50,981 57,764 7 0 ,1 6 2

ffFV 25 S accumulated -3 3 5 ,54/. -353,336 -307,355 -249,591 -179,4?r

Internal rate oí return is calculated using the formulas
a

IFiFl = P1 +
3 - b / Po - I V

IRP = 12 -i
296,756

"'•Of 7 ‘O f  L ' P
/2 5 - 12/ = 12 -f 0.8596.13

Ii.J\ = r’3»2 %

S E C T I O N  1 I



3 4 5 6 7 £ 9 10 11 1 .

772,500 850,100 850,100 850,100 850,100 850,100 650,100 050,100 850,100 850,1
772,500 850,100 850,100 850,100 850,100 850,100 850,100 850,100 850,100 850,1'.

28,600 34,650 124,766 28,600 379,565

470,215 474,795 474,795 474,795 474,795 474,795 474,795 474,795 4 74 ,795 474,7
161,397 161,397 161,397 122,334 122,334 54,459 54,459 54,4 59 54 ,459 54,4 ■

145,264 149,819 154,601 156,371 158, С-74 .159,31:1 1-1.5

431,612 636,192 664,792 777,043 071,714 684,055 714,225 607,328 1,060,740 631,1

140,888 213,908 185,308 73,057 -21,614 166,045 135,е75 162,772 -218,640 158,9..

151,133 62,775 248,083 321,140 299,526 465,571 601,446 764,218 54 5,578 704, ¿ '

89,605 121,286 93,951 33,022 -8,732 59,942 43,752 46,716 -56,190 36,33
212*931 -91,645 2,306 35,328 26,596 86,538 130,290 177,006 120,616 157,81.
57,764 70,162 48,551 15,342 -3,631 22,250 14,539 13,998 -15,086 0,7-,
249,591 -179,429 -130,878 -115,536 -119,167 -96,917 -82,378 -68,380 -83,466 -74,7

( S E C T I O N  2



Terminal
£ 9 10 11 12 13 14 15 value

0,100 850,100 050,100 850,100 850,100 850,100 850,100 850,100
0,100 850,100 850,100 850,100 650,100 850,100 850,100 650,100

4,795
34,459
-4,801

28,600

474,795
54,459

156,371

474,735
54,459

156,074

379,565

474 ,795 
54,459 

159,221

474,795 
54,4 59
161,925

28,600

474,795
54,459

164,101

474,795
54,459

lo 2,4oC

474 ,'T95 

169,017

218,311
109,300

.,055 714,225 687,328 1,06C,740 691,180 721,955 695,714 643,612 327,611

: 36,045 
35,571

135,875
601,446

162,772
764,218

-218,640
545,576

156,920
704,498

128,145
632,643

154,366
987,029

206,286
1,193,317

327,611
1,520,928

;9,942
66,538

43,752
130,290

46,716
177,006

-56,190
120,616

36,393
157,209

26,270
183,479

26,253
211,732

33,625
245,357

53,401
298,758

62,250
36,917

14,539
-82,378

13,998
-68,360

-15,086 
—83,466

8,741
-74,725

5,638
-69,087

5,404
-63,683

5,776
-57,907

9,173
-48,734
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6/F Sensitivity analysis

Several sirup le examples sizovvirr the impact of the 
potential future market end cost .'.nr; development indicate the 
very strong position — in tern:-: of profitability - of the 
domestic production of plywood /considering the wide price 
margin when compared with the imports of plywood to the 
Sudan/,

The sensitivity analysis is based on the date of the 8th 
year of operation /the mediane member of the tine series of 
15 years taken into account in the study/. The results can be 
summarized in the following conclusions:
- the selling price exercises the greatest influence on the 

return on investment of the project as can be seen mainly 
in the last column of tne table: the increase of sales 
revenues by 9,7 n is sufiicier.t enough to compensate the 
aggregate impact of increases both cr irves .nera/ end
operating costs5

- the increase of invest':e;:t ■: ' ' s : t i  •:; r -J. ' Lively loiVOr-
impact oz": ths rc-'urr. on i r .^ e r . i --.at. bit ;■: r  - ■ ; di' ior.nl c : ect
on interest on Ion: ;: is as: is rd/,

- if the sales revenues were increased b„. PC the return
on investment /a3 ratio of gross profit to investment/ oulc!
climb up to 35*1 n with prices remainin-; only about 5r : of
the present price level on the ii'danese ¡aarbet !



1

encnr ll'

• *- u -.■i 3 eo revenues Sal .& revenues 0 n 0 ' '
ii.creossu. cut by lu irM*

io.ol cuyitel invest went 1,220,560 1 ; t a n± 9-<- - , v 1,220,püO 1 ,0-

S 31 o ; ? rovesus y .pu,IOC 1,020,1.0 765,090 L -

Expenses, torsi 3Ss,Cpt 592,Oy6 532,0 9s D •
of rRioZ. ; o ' ni''--tin. costs ■ *- * ■ r- - -74, 765 47-’ ,755 t

•. ■ . i ' ..Z a:. . - , ■- .1 _ 'i " 7  ̂- - 9 5.; ,6ic
Z.-A :• : : ; : • . . ' -> -v » - 0 •-./1 K: j • ,653

of'Z. ,o:r .
9

u n , : CiC. 1
on re-...'it *! £ . - ■ n-- * J - '-56,5li- l-.,755 1

rrofit after in s. bc.oi.-u depreciation :yo,z:n 264,f15 lb2,607 ■** r •

I. et profit - » 1 -f-^‘f C . A it r,-0y 69,197

Return on investment p.s ratio:
- prof it before tex / Investment ' 1 *» — — • -ft. f 35.1 14.2 /f
- profit after -ox and before depreciation /investment 3S.1 r 21.7 f 13.3 /*
- net profit /investment 6.5 /1 H • c 5.7 a'

Pey-bacl: period -¡a ratio oi;
- invente:Int profit after -i ox end before deprc-cio • ion O # J i' ur. •>•••■* y oars f-:» • ✓ y so re

i-ii io oi ’ -• oi itn oi *. t \ o. : 
per-cor.tnge of :
- i.et profit / ’bl-'c 2 svonbes 11,1 10.&
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•. Jto revenues
J.i.Cr.d£S(I

Sy.l.s revenues 
cut by 10 O-

Operating costs 
increase} b’-

10 ;
Inves taicnt 
cost increnseu 

by 10 7
bales revenues 
increased to 
compensate the 
increase in 
investment and 
operating costs 
by 10 6 /to retain 
the basic НС1/

1 -Lr- <-.1 0 1,220, >30 1,220,960 1,343,060 1,343,080

1,020,1'C 765,090 650', 100 850,100 932,728

5 9?-, 098 532,098 639,576 601,459 646,938
¿74,71-5 47-1,795 522,275 471,755 522,275
:?,ло 93,610 95,-10 102,571 102,971

.553 s .;c> ̂ 25,675 -'3,653 23,593

j 72, °9 ;: 2 1 c , 522 216,641 285,790
■-^,‘13 1 . ,,7‘.5 126,315 142,165 170,274
2б4,£19 lb2,807 177,619 202,42 7 216,467
Г' .,..05 69,197 o/Vj — T f v > 9r',456 113,516

35*1 ;« 1 • о c/u 17.2 5 12.5 5- 21.1 ‘/i
21.7 13.3 Й 14.6 15.1 % 16.1 5i
14 « 0 />.’ 5.7 £ 6.9 % 7.4 % 8.5 %

4  years 7.5 years 6.9 y e a r s 6,6 years 6,2 years

ю . е «. 1 (\ V, J • /' 9.9 о 11.7 ‘,6 12.2 %

f S E C T I O N  ?
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6/6 Macro-economic evaluation

Value added
For the calculation of the value added /from the macro­

economic point of view/ the following items ere taken into 
consideration /in J S / t operating year

4th 8th
raw material /90 %/, 
including contingency 135,315 135,315
wages sad salaries, including 
social security and contingency 75,432 75,432
interest paid 59,404 23,693
profit before tax 199,491 258,002
total value added 469,642 492,442

Ratio of value added value added 
sales x 100

RVA4 469,642 x
850,100

100 55.2 %

r v a8 492,442
850,100 x 100 57.9 %

Social costs/benefits analysis
For the assessment of the national economic profitability 

of the project a somewhat simplified method /as compared with 
URIDO's Guidelines/ was used.

Since the conclusions are commented in Chapter 6, in this 
Annex only short remarks to the methodology are added:
- the output was evaluated in world prices - 250 US $ per m3
- for the calculation of social opportunity costs the following

premiums were used: foreign exchange + 0,5
unskilled labour - 1.0

- in the component "unskilled labour" the semi-skilled labour 
trained in the project is included

- the social discount rate is lying between 5 % and 6 %9
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Copponent8 of investment costs /lu ZS/

Foreign
exchange

Domestic
materials

Unskilled
labour

Production machinery 
and equipment 516,310 136,760 5,410
Transport and office 
equipment 26,400 35,200
Construction works 
Preliminary expenses

13,650
22,000

180,050
38,000

83,100 
1 9,600

T o t a l 578,560 390,010 98,110
1/ Interests on capital during construction are excluded

Components of working capital /in t S /

Foreign
exchange

Domestic
materials

Unskilled
labour

Total Z/ 35,890 54,590 18,820

2/ The proportions of each component in the cost of raw 
material 8nd wages are calculated on the same basis as 
in operating costs.
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Operating costs /broken-down into components/ in ¿S

Foreign exchange 
2 3 4-15

Domestic 
1 2

nici C 8 . I

a/ Raw materiel 8,305 12,170 14,030 14.32C 41,525 60,660 70,
b/ Urea adhesive 16,530 24,225 27,930 28,500 5,510 6,075 v * 1
c/ Technological flour 2,090 3,060 3, :
a/ Phenolic foil 8,610 12,625 14,500 14,S5C 2,870 4 ,2 0 5

u ie/ Electrical energy 21,450 28,710
f/ Water TOO 940 1,-
6/ Repairs end spare parte 6,770 5,680 11,440 11,440 2,260 3,110 3,J
V Consumption of technical 

materials 3,660 5,180 6,100 6,100 1,220 1,730
2,11/ Insurance 6,250 7,030 7,o

3/ Wages and salaries 40,990 42,270 43,0
Expatriate staff 6,240 6,240 9,360 9,360

k/ Social security 10,770 11,240 9,
1/ Transport costs 23,920 34,790 35,
m/ Sales expenses 1.350 1,730 1,925 1,125 22,905 29,455 ■̂3
n/ Fiant overheads and 

administrative expenses 1,365 1.535 1,710 1,7:0 23,225 26,135 29,o|
Total 5?,830 73,365 77,685 76,04 5 215,045 270,970 286 tl\
Contingency /approx.5 /V 2,640 3,670 3,880 3,910 10,750 13,550 14,1
Total operating costs 55,470 77,055 81,565 82,755 225,795 284,520 300,6

{ s e c t i o n " !  I
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> in ï£

ezchnrge uomea'iic ла*:crisis Unskilled le’oour
3 4-15 1 О 3 r-x5 1 2 3 4-15

: 1 4 ,0 3 0 14,32C 41,525 6 0 , ¿6 0 70,170 71,535 33,220 48,‘o80 56,150 57,260
3 27,930 2 8,50C 5,510 8,075 5»,3 1 0 9,500

2 ,0 9 0 3,060 3 , 5 3 0 3,600
" 1 4 ,5 0 0 14,85C 2 ,8 7 0 4,205 1,850 4 ,9 5 0

2 1 ,4 5 0 28,710 32,995 3 2 ,9 5 5
70 0 940 1,080 1, ОБО

0 11,440 11,440 2,260 3 ,1 1 0 3,610 3,610

C 6,100 6,100 1,220 1,730 2,030 2,030
6,250 7,030 7,810 7,810

40,990 42,270 43,940 43,940 15,220 17,070 18,520 18,520
j 9,360 9,360

10,770 11,240 9,360 9,380
23,320 54,730 35,860 36,240 1,260 1,830 1,890 1,910

' 1 ,9 2 5 1,3'3 22,905 29,455 32,725 32,725 2,695 3,465 3,650 3,850

1,710 1,710 23,225 26,135 29,025 29,025 2,730 3,070 3,415 3,415
. 72,685 7 e,845 215,045 270,970 286,335 286,475 55,125 74,115 83,805 84,975

3,eso 3,910 10,750 13,550 14,320 14,380 2,760 3,700 4,190 4,210
"> 81,565 82,755 225,795 284,520 300,655 302,855 57,885 77,815 87,995 89,185

¡ S E C T I O N  2
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Resources flows /in £S/
Construction

1 2
1, Supplier's loan: foreign exchange 150,000
2, Output: foreign exchange 
3« Construction and replacement costs:
3*1 Foreign exchange:oonstruction works 5,540 8,310

machinery and equipment 81,430 461,280
preliminary expenses 14,000 8,00Q

3,2 Domestic materials: construction works 72,020 108,030
machinery and equipment 25,920 146,040
preliminary expenses 21,000 17,00C

3*3 Unskilled labour: construction works 33,240 49,860
machinery and equipment 650 4,76(1
preliminary expenses 9,6 OC 1

4* Permanent working capital:
foreign exchange 35,890
domestic materials 47,12C
unskilled labour 11,29C

5» Operating coots: foreign exchange
domestic materials 
unskilled labour

6. Debt service /supplier's loan/:
foreign exchange

7, Scrap value and permanent working capital
7*1 Scrap value: domestic materials
7*2 Permanent working capital:

foreign exchange 
domestic meterials 
unskilled labour

S E C T I O N  1 I

Operating year

197,920 330,000

7,470
7,530
55,470 77,055 l

225,795 264,520 3o
57,865 77,815 ?

39,063 39,063



r

■J

3
KJ
0
3
0

Operating years
1 p 3 4 5 rV\ 7 8 9 10

197,920 330,000 375,000 416,670 416,670 416,670 416,670 416,670 416,670 416,6/0 416

12,300 20,790 94,074 12,300 266

/
16,300 13,860 29,944 16,300 91

748 C.

7,470
7,530
55,470

225,795
57,865

77,055
264,520
77,815

81,565
300,655
87,995

62,755
302,855
89,185

82,755
302,855
89,185

82,755
302,055
89,185

82,755
302,855
89,185

82,755 62,755 
302,855 302,855 
89,185 89,185

62,755
302,855
89,185

6t
306
69

39,063 39,063 39,063 39,063 39,063

|  S E C T I O N  2  j
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Terminal
10 11 12 13 14 15 value

-6,670 416,67C 416,670 416,670 416,670 416,670 416,670 416,670 416,670

4,074 12,300 286,192 12,300

9,944 16,300 91,096 16,300

748 2,277

->2,755
32,855
39,185

82,755 82,755 
302,855 302,855 
89,185 89,185

82,755
302,855
89,185

82,755
302,855
89,185

82,755
302,855
89,185

62,755
302,855
89,185

82,755
302,855
69,185

82,755 
302,855 
89,185

218,311

35,890
54,590
18,820
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Social costs/benefita analysis /in ÏS/

Construction 1 2
B/ Social benefits, totsl 2 2 5 ,0 0 0 296,880 495,000 562,500 |

Supplieras credit 
Output
Working capital and scrap value

2 2 5 ,0 0 0

296,880 495,000 562,500

C/ Social costs, total 270,395 1,088,410 355,533 439,166 462,066
Construction and replacement costs 270,395 987,455
Permanent working capital 100,955 7,470
Operating costs 309,000 400,103 423,005
Debt service /supplieras credit/ 33,063 39,063 39,06

B-C Social net benefits -270,395 -863,410 -58,653 55,834 100,430
Social net benefits accumulated -1,133,805

■1,192,458
-1,136,62/!

-1 ,036.190
Present value of social 
net benefits /5 /<?/ -270.395 -821.966 -53.198 48.421_ 82.657
Present value of SNB 
accumulated -1,092,361

-270,395 ■1,145,559
-1,097,138

-1 ,014,481 |

S E C T I O N  1 |
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Flows of foreign currency /in US $/
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Construction
1 2 1 OL. >

A/ Outflow of foreign currency, 
totel

302,910 1,540,440 263,599 348,354 361,004
x. Outflow of capital, total 302.910 1,540,440 117.189 117.189 117.109

Construction works 16,620 24,930
Machinery and equipment 244,290 1,383,840
Preliminary expenses 42,000 24,000
Permanent working capital 107,670
Debt service /supplier’s 

credit/ 117,189 117,189 117,183 |

2* Current outflow, total 166,410 231,165 244,695 i
Adhesives 75,420 110,550 127,440 :
Spares, technical materials 31,290 44,580 52,6^0
Expatriate staff 18,720 18,720
Few materiel 24,915 36,510 42,030
Other expenses incl.contingency 16,065 20,605 22,545

B/ Inflow or savings of foreign 
currency, total 450.000

593,760
990.000

1,125,000
1.

Supplier’s credit 450,000 ij
Substitution of imports 
/or exports/
Permanent working capital 
/terminal value/

593,760 I
| 990,000

1,125,000
1, ;

C/ Uet savings of foreign -302,910 
currency -1,090,440

310,161
641,646

763,116

Ket savings of foreign 
currency accumulated -1,393,350 1,083,189

-441,543
321,573 1,,

S E C T I O N  1 |



■о
о
:о
п'О

■ о
О

O p e r a t i n g  y e a r s  
4 5 o

■ О 283,599 348,354 361,884 365,454 402,354 310,635 530,487 ¿48,265 265,165
1.0 117.189 117.189 117.169 117.169 -¿5i»0SS. 62.370 282.222 36,900

36,900  62,370  202,222 36,900

117,189

166,410

75,420
31,290
18,720
24,915
16,065

117,189 117,189 117,189 117,189

231,165 244,695 248,265 248,265 248,265 246,2б5 ¿45,265 248,2Ь5
110,550 127,440 130,050 130,050 130,050 1 3 0 ,0 5 0 130,050 130,050
44,580
18,720

52 ,6 2 0 52,620 52,620 52,620 52,620 52,620 52,620

36,510 42,090 4¿,960 42,960 42,960 42,960 42,960 42,960
20,605«.и . ------ 22,545 22,635 22,635 22,635 22,635 22,635 22,63r

593,760| 1,125,000 1,250,000 1,250,000 1,250,000
______ I 990.000___________ 1.250.000 _________ 1.25С.ООО__________1.250.0СО____________1

593,760 1,125,000 1,250,000 1,250,000 1,250,000
990,000 1,250,000 1,250,000 1,250,000 1

1 310,161
I 6 4 1 ,6 4 6

763,116 847,646
884,546 939,365 719,513

1,001,7351
964,635 1.

1 -1,083,189 
Ш ̂ -441,543

321,573 2,053,7651,206,119 2,993,130 3,712,6434,714,378: 5,679,213 6 »

------  i,.м .  , „ v l ¡ri- - ¡ r,r e ; V ^ * -V»‘T ' -Ж >
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8 9 10 11 12 13 U  15

¿48,265 265,165 248,265 1,106,841 248,265 285,165 246,265 248,265
36,900 858,576 36,900

- 36,900 856,576 36,900

.5 248,265 248,265 246,265 248,265 248,205 248,265 243,265 248,265
J 130,050 130,050 130,050 130,050 130,050 130,050 130,050 130,050

52,620 52,620 52,620 52,620 52,620 52,620 52,620 52,620

42,960 42,960 42,960 42,960 42,360 42,960 42,960 42,960
■i 22,635 22,635 22,655 22,635 22,635 22,635 22,635 ¿2,635
CO
1.250.000

1,250,000
1.250.000 1,250,000 1.250.000 1,25C' ' i.250.000

1,357,670

00
1,250,000

1,250,000
1,250,000

1,250,000 1,250,000
1,250,000 1,250,000

1,250,000

107,670

0 3
1,001,735 i

964,635 1,001,735
143,159 964,835

1,001,735 1,001,735
1,109,405

O 4,714,378: 5,679,213 6,680,948 6,824,107 8,790,677 10,901,817 
7,625,842 9,792,412
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