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I - Summar ¥y

In summer 1975, a Polytechna teem consisting of team-
leader F,PAPANEK, Forest Economics Expert, A +POLACIK, Wood
Technologist, and J,BIl, Industrial Engineer, undertook a
mission to the Sudan for UNKIDO spending there & toial of 22
manweeks,

The findings of the team can be sunmed 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 yleld of between 12 and 13
thousend m3 of peeler logs csn be expected, A detelled forest
inventory in the sres of the potential plywood mill is
necessary for the preparation of a vtilization plen of forests
for plywood production,

From emong sites mentioned, Weu is recommended, for the
existing sawmilling capacities installed in the region and
for other reasons, as the best possibls site for establishing
e plywood mill in the Sudan. The ennual 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 en
adequate profit in Khartoum to wholesalers for LS 180 per m3
instead of the present price of XIS 390 per m3, end its reteil
price would be IS 198 per m3 imstead of IS 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 geins both in commercisl profits eand in mecro~eco=-
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nomic benefits, The Costs/Benefits Analysis shows an intrrnal
rate of return of 23,2 %, The accumulated surplus after 15
years of operation according to the cash-flow forecast smounts
to IS 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 IS 492,442 in the elgth yeer,

As shown by these figures, the seller’s market existing
at present in the Sudan can be reversed by establishing a
domestic plywood imdustry. After the first plywood mill in
Weu 8 second and third mill should be established in quick
succession in the South = in order to reach larger production
which would meet incressing demsnd and allow even for ply-
wood exports,
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Terme, Abbreviations, Conversion Factors

Measu“es .
1°/one foot/ = 30.48 cm
1"/one inch/ 2.54 cn
1l feddsan = 0,42 ha
1 m3 /cubic metre/ = 35.3) cubic feet

th

1]

Weights
1 m3 of logs /fresh/ = 1,000 kg
jeir dry/ = 800 kg
1 m3 of plywood = 720 kg
Conversion

1 m3 of plywood = 150 sheets of 4 x 6 x 3 mm
Currency and exchange rates
One Sudanese Pound /IS/ = 100 Piasters /Pt/ = 1,00C milliemes

/mms/
IS'1 = J 1,33 = US ¢ 3
L 1 =I8 0,75 = US F 2.05
Us g 1 = L G333 = 1 0.44
Onc Ezyptian Pound /Lkg/ = 100 Piactres /Tt/ = 1000 milliemes
/xms /
IEg 1 = L 0.8 = USZ 1.8 = I 0,6
L 1 = JIEg 1,25
US 81 = LEg 0,555
IS 1 = LEg 1,666




i1 Fepecrt

1 Iitroauvctiion

——

Iv respoice to o request c¢f the Governement of the Suden '
for a iessit.ility study for plywood production a contresct hses
been signed by URIDO ir Vienpa and POLYTECHEA in Prague on
9 September 1975. According to inis contract, the study should
cover the following topics:

a/ present wariet for plywood in the Sudan and neighbour-

ing countries and its future developuent;

b/ eveluation of the raw materisl situation;

c/ elsborstion of a specific proposal for the erection

of a plywood factory.

This work hss been entrusted to a team consisting of the
teanm lecder, T, PaBfIEL, Forest Loonomics sxpert; A.POLACIK,
Wood Techrolorist; ond J.BIk, Industrial Engineer.

The team svent a3 total of <2 weeks in the field, coi-
lecting necessary data and information ard visiting potential
sites for e plywood inill in the South of the country, The du-
ration of stay of the members of the team in the field wes as
follows:

F.PAPANEK: 10 July to & October 1975 €9 days
A POLAEIK: 10 July vo 22 Asugust 1975 44 deys
J.Bfu : 14 August to 3 September 1975 21 days

Totel 154 days

The field work wses .aampered by the rainy season in the
South and, in & certain wey, slso by the month of Ramadan in
the North end in Egypt as is explained in detail in Annex
1/4,

The remes of people contacted in the Sudan and in Lgypt
sre given in Arnex 1/E.

Acknowled ement

This stuay hiess been prejpcred by the team of experts in
close cooperstion with Sudanese authorities, institutions,
counterparts wni steff, In cerrying out the necessary in-
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quiries cnd field trips a greet number of orgenizestions, both
puslic «nd grivutz, heve been contecied ard s very lerze body
ol inforw=rs approached, It is ¢ pleasure to recsll ihese
nuinerous visits and ngetings with people who vwere zll exe
trecely kind ard heipful and did their best to assist the
experts in their tesik,

Speciel mention should be mzde of the Industriel Re-
gearch znd Consultancy Institute in Khartoum and its Director,
lir.Abdel Rahmsn Abdel Halim Obeid who provided in lir.Ahmed Ali
Ahmed an excellent counterpart for Khartoum, Ir the South the
responsibilities of the counterpart were taken over very suc-
cescfully by Mr.Cuor Deng liareng, Inspector of the Regional
Miristiry of Commerce, Industry and Supplies in Juba. Also the
Forestry Department made its staff aveilable and several
Conservators end their subordinates asssisted the teau-leader
daring his field trips in Equaetorie and Dahr-el-Ghazal pro-
vinces.,

Orl; thenks %o the upndersianding, cooperation, and help
of 211 these people and the sympathetic attitude of sll the
Sudenese autohorities, officials, mcnegers and indeed the
public at lesrge could the present work be carried out. This
is here gladly scknowledged,




rregeprt Situation

ror & loug tiwe it has besn thought that there is an
insuificient nariket for plywood in the Sudan, and only a few
yeers a;o tne possibility of establishing & plywood and ve-
neer fuctory was ruled out for want of sdequete demand /1,2,3/.

Present annual plywood imports sre in the rsnge of 2,500
w3, In the last five yeers a slight tendency to increese has
appeared, The main suppliers of plywood are China and Romenia.
Detsils are given in Annex Z2/A,

Plywood is used mairly in furniture manufacture /sbout
8C %/, to & much smeller extent in construction for partitions
and ceilings /20 %/, The uce of plywood as @ packsging material
end for ccntaivers 1s only at its initial stages.

Governement u:iencisg cccount for some 20 ¢ of plywood
cousweption, the wain bulk of plywood /80 %/ being used by

the privete secior,

‘he territorial distv=ibution of plywood consumpiion in
tae country is essentislly identical with the distribution of
vrban population and with the overall level of urbsrizetion.
liost urben centres have smzll scale workshops meking furniture,
Housing snd construction in which plywood could be used is, like
carpent>y workshops, also limited only to urban cormunities,

By far the lcrgest consumption of plywood is corcentrated
in the capitel Khertoum, i,e, in the so celled "Three cities”
/Khartoum, North Khartoum and Omdurmen/. Here occur the most
icportent construction ectivities requiring nlywood cs a building
meterial, Here also the furniture industry is concentrated as is
shown by the following data: /3/

Furniture industry in the Suden

Mumber of workers in a plsnt
25 und nore less +than 25
s1l in Khartoun in EKhartoum outside Kliartoum

-—

Number of

establishments 7 64 63
Fumber of o o
workers 455 423 334
Cutput in I3 17,0C0 316 4,CCO 157,000

i = =
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The rurel population is using virtually ro plywood, The
per capite consumption of plywood in the capital is estimzated
50 be four times the consumptiocn of the remsining urban /and
gendurbar/ populetion, Conseguently, the territoriel distri-
bution of plywooé consviption is asseased as follows:

ST T

Fopulstion Relative Estiuated

Area totel urben level of Weirhting plywood
million consump. consumption

Three -
Cities 0.8 C.& 4x 3.2 1,600 m3
remolning 1.2 1.3 x 1.3x 700 m3
Southern
Rezion 44,0 0.3 X 0.3x 200 m3
sotel 16,0 mil, 2.4 mil, 4,8x 2,500 m3
Percentage 100 & 15 <

The uvgual siz2 of imported plyrood is 4’z 6°x 3 m», The
wholesale price for this .lywood is IS 390 /13, the retail
price variee from sbout LS 500 /m3 in Khartoum to more than
28 600 /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 inadequaty supply of this commodity which
does not meet actval demand,

The uge of plywood and its future development should
be viewed in close interreletion with the use of other wocd-
based panels gnd of sewn timber,

There is o smell particle board plant producing in Khar-
toum which is protected from competition from abroad, Its
prvducts are used msinly in construction, The wholesale price
of particle boerds is IS 122 /m3, the reteil price is IS 144/m3.

Small quantities of lhiardbosrds - not mentioned in the
Foreign Trade Stetistics ~ are imported firom time to time
and sold on the retail market for IS 340 /m3, Information con-
cerning perticle bLoards end Lardboards is contcined in Annex
2/00 .

A considerasble drein on the country’s foreign currency
resources is ceaused by imported coniferous sewnwood which,

—
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according to the Foreign Trede Statistics, amounted in 1974
to over 32,000 tons with a corresponding value of over IS 3.6
million, Domestic sawnwood production, consistirg almost
entirely from hardwoods, is ingignificent. Ior details see
Annex 2/D,

Besides the sawmills, there is in Khertoum e match
factory operating since tie early 1960°s /the splints sre
mostly imported/, end a packaging and certon fectory which
sterted production in 1960 snd uses also imported rsw materi-
el,.

With regard to this situvetion in the merket ol forest
products there is no doubt that the esteblishment of a ply-
wood industry besed on domestic raw materiel would grestly
alleviste the existing shortsze of wood-based building
materials and of furniture and easse the strein timber imports
make on the country’ s bslance of psyment.

Trends &nd Projected Consumption

Present consumption of plywood in the Sudan is 0,16 u3
per 1,000 innebitants which is only one fifth of thet in
Africa /1970 - 0.8 m3 per 1,000 inhabitants/,

Consumption of plywood in the Suden is expected to in-
crease due to:
eliminstion of exsggerated wholesale ard retail price margins
by metching supply with demand
growth of populetion, especislly urban
higher living stendsrds relsted to GDP
further technical development and progress.

The rate of growth of populetion is 3.,1% /4/ and, with
the enormous land surfesce of the Sudan, and the improving
living stendards this rete will be probably meinteined fox
some time in the future,

But much more important for the increese of plywood
consvmption is the growth of urben populstion., The percentage
of urban populstion increased annually in the 9 years from
1955/56 to 1964/65 by 4.9 i- /5/. This rate of increase may
sefely be project.} also for the next 10-15 yeers in view of
the influx of rural populstion inio urben centres a.? the fast
growth of towns end cities,
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The population of the Sudan is expected to incresse at
the following rste:

Total populstion Urban populestion
Year /3 % growth/ /5 $ growth/
1975 16,0 nillion inhabitants 2.4 million inhabitents
1960 18,6 n " 3.l " "
1965 21.5 " " 3.9 " "
1990 25.0 1] 1] 5.0 ” "

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

in the year GDP in USs &
1975 154
1980 179
1985 207
1990 240

According to en FAC study /7/ the recent and projected
per caput corsumption of plywood and veneer by regions is for
Africe es follows:

Year 1961 1971 1981 1991
m3/1000 inhabitante 0.5 1 3 5
The rste of growth in % per snnum is:
1961-1971 1971-1981 1981-1991
7.2 11.6 5e2

According to this sasme source the averege GDP for Africa
is, or is expected to be:

Year 1961 1971 1981 1991
US ¢ per caput 159 210 283 404
The rete of growth for GDP in % per annum is:
1961-~1971 1971-1981 1981-1991
2,8 3.0 3.6

Flywood conswaption in m3/10C0 capite grows, in generasl,
with increasing GUP in US g/caput, but consumption per 1000
cepita is smaller in the Sudan then in Africe, s shown on
the following teble vwhich is based on sn assumed 10 % growth
of plywood comsumption:

[__| |



Plyvrood consumption
Year Forulation CUF in US 2 u3/1000 totel at @ growth
in mill, per ccpus czpita in m3 rate of 10 %
1878 16,6 151 C.16 24,56C 2,500
190 18,6 A Vel 4,002 4,000
19€5 21.° 207 Ue30 6,450 64500
1990 25.0 240 Vedc 16,500 16,400

Tie asgswicd U b growth rete »f plywood consumztion for
the Sudun is consistent with the avercge annual growth rete
for plywood consumption for Africa which is /7/:
€44 % for the period 1950-1°60
9,7 & for the period 1960-1970, 2nc¢ estimated to be
8.7 ¢ for the period 1971=-19¢1
11,1 ¢ for the period 19€1-1991,
The averarse znnucl zrowth of apparent plywood consumption
in i#fricz frem 197C to 1973 even rescied 13,3 &y and FAO /8/
anticizoves uw 15 .

grovitl: 0f plywoold productior in Jeveloping

couniries for the period 197H - 1uLY /3ee Chart 1/,

Churt 1
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Projecting tihie present annual plywood consumption of
2,500 m3 at a 10 % growth rate into the future, the following
target figures for plywood consumption are obtainead:

in five years time /19£C/ 4,000 m3
in ten years time /15857 6,500 m3
in fifteen years time /1990/ 10,400 m3 '

Ir ettempting a break-down of this annusl consumption of
plywood according to end-uses the following assumptions ere
made:

1, Plywood ccnsumption for furniture making will retain
its dominant position but will grow at a somewhat slower rate
then other consumption so thet iis weighting will be reduced
in 15 years’ time from the present 80 % to sbout 63 5! Thus
the volume of plywood consumption will increase 3,3 times in
15 years.

2. On the contrery, plywood consumption for construction,
including wesgzgon constiruction, will increase at an ever faster
rate with e 6 times increcased voluue consumption in 15 years'
tine, The corresponding increase in its weighting would be
from 20 % to 29 S

3., In the Southerrn Sudan, an extensive tea and tobacco
plantation progremme is under way., Already now a shortage of
crates for pecking tobacco is felt and the tea development will
result in an ever growing demend for tea chests, The Army
complains of the poor quality of particle board manufactured
in the Suden snd would wermiy welcome locally produced plywood
for such end-uses @s pscking ammuniton etc, Plywood could re=-
place metal in containers for air trensport, for beverages
/like Coce Cola bottles/ and fruits., The consumption of plywood
for these and releted uses is estimated to reach 200 m3 4in
5 yeers, 500 m3 in 10 years apnd 800 m3 in 15 yeers,

Consequently, the following picture of plywood consumption
accordinz to end-uses can be expected:

Year Furrliture Construction Containers Total consumption

1975 2,000 m3 500 m3 - 2,500 m3
1960 3,000 m3 £00 m3 200 m3 4,000 3
1985 4,500 m3 1,500 m3 500 m3 6,500 m3

1990 6,600 m3 3,000 w3 800 m3 10,400 m3
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E . ypt is consumipg znnunlly sowe 50,CCC - 60,000 m3 of
~lvwoed, both imported ard locelly croduced, and thus repre-
gents an important onotential rmarket ouvtlet, Arnnual iugorts
ci plrwood may amount to cnything between 3C,00C and 50,000 m3.
Mahogany plywoou of cood quality, rroduced ir the Juden, would .
iiave a vazlue exceeding Ly at lcusi ZG=3C % the usual sort cf
imported plilyvwood, coanse.w2rtly it could be sold in the present
uarket situszion in 3lexsndrie for & C and I price of sabout
US 8 250-360 /m3. The freight rate for plywood from Port Sudan
to Alexarndrie being US @ 4&,.,26 /m3, the +CB price in Port Suden
for Sudsrese plywood would be around US § 300 per m3 whick could
be interesting znd ircite plywood expcrts from the Suder to
EBgypte

Still more then Egypt, Saudi Arcoie would seem to be @
possible outlet for Sudenese-made plywood, since the freight
rate for plywood from Fort Sudan to Jedds would be only US 2
22,33 /3, ¥o narxet survey regurding rlywood hag been usde
in Jedda, but later thic uay become necessary in order to
promote plyvicod exports from the Cudan i1o Saudi Arebdia,

In considering poteantisl plywcod exports, it should be
borne in mind that meneocany~faced plywood sheets would
represent on the internetiorzl market a commodity that could
compete ac to quality and decorstive velue with sny aveilable
brand of plywood and would easily compete with the kind of
plywood supplied st present (o countries in the iliiddle Zest,
Sudanese plywood would have the advantage of {he rew materisl
not being expensive, and if in spite of the smell capacity of
the plant end the one-shift operation e reasonable production
cost could be achieved Ly efficient menegement, if costs of
internal trasnsport would be lowered, znd if a premium on
foreign exchenge earred is granted, then exports of plywood
from the Sudan ere & pousibility which should be eernestly
sttempted,

Growing requirecznts for plywood in the domestic nerket
and algo potential opportunities for plywood exports to
neighbouring countries warrent the estsblisiment of & plywood
industry in the Sudan, In determining the capacity of a ply=-
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vood plont for the Sudan botl: the extent of present end future
narset recvirencais and Lhe :vailidility or tinver should be
cornsidered., Lstimeteld derond Jox 2lywood ir 180 - when full
sreducsicn cf tii: proposed rlywood mill would have been
reaciied - i 4,000 m> pel alibUlie a6 norLel nirimua sconomic
capracity of =z nl;wood plart is considered To be 5,000 m3 of
plywo0d zexr zrnum, Uihie cepecity represernis, at the same tice,
the maximum concentrstion of peeler logs vihrich is ecornomically
feacible with regard to exisiing {orest resources in the Sudan,
Consequently, tie oniy solutiorn is the estsvlishmenti of a8
5,000 m3 plywood mill whici: would operste one shift., This wonld
neet the country's deriand for plywosd in 1920 snd, zi the sene
time, allow for plywood exports of the order of 1,00 m3 per
annum, shoulc Sudahese plyvood be evailzble at a competitive
rrice.

Lookingz further zheed, bejord i.e scepe of this feasi-

e
trv in the Sudan coulu we contewpivted:

ferioc 3uﬂ30r A ?i?gﬁ%a doue?tic_ axportg
S:~p_ents Ai?oﬁuction consumntion

1976-15z0 1 $4C00 m3 4,070 w3 1,000 m3

1021=1385 2 10,000 m3 G500 13 3,500 m3

1956=-199C 3 15,00C m3 10,400 m3 4,600 m3

The successive increase oi the rumber of plants instead
of snifts is necessary tecsuse of tie low stoclking of forests
which does not ensvle the economic concentration of larger
quantities of logs at the factory site, According to the
expected end-uzes the following specification of plywood is
recommended for the 5,000 w3 plart which is to be estsblished:

End-uses

‘thicknes:: Turriture Zgg;ction Conteinerys =wxports  Total
3 mm 1,800 @3 - 100 13 000 m3 2,500 m3
4 mm 5CO 1) - - 200 w3 1,000 3
“=1C ¥ 6 ma 200 p2 - 100 m3 200 m3 500 m3
15 um | - 1,000 nj - - 1,000 m3
Total 2,800 m3 1,000 m3 2C0 w3 1,000 m3 5,000 m3
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Lo o4l bovids ures Tosraelaehyde adr esive should be used
vitn toe exeuporen ol 122 x 183 cm, 15 nm voards representing
water srd boil proof plywocéd for which the vse of plerolic
foils iz recouzmendod,

The size 1< x 183 cmy i,¢, 4 x §7is ricormended because
of thne estatlizhed market recuiremorts for plyweod siheets in
the Sudzii. But for the second pliywood mill to be corsiructed
in the suden a lorger size, i.e, 122 x 244 em /or 4°x &7/
sitould be contemplated, “hough such a size reguires nors
expensive equipmenc, it could stimulete rew uzcs ior plywood

onpd thus enlargse plyweod corsunption in the Suviarn.
2t owreionty no orecizl uwceciies Ior sales prowcilon

necessuary, Lo order tu otiuin gru*egteu corsuiption

iiciert quzntity st e rcusonable price,

In the ceglculstion mede in tnic feasibility study it is
asoums that tuie present exorbitert counsuncr price for ply-
wood sheets will be reduced by more tlLcn helf, i,e, from
IS 3,00 uer sheet to LS 1.30 per 3siteei, if plywood imports are
substituied by domestic production. It is reedless 1o say that
such an important price reduction would sutowsticelly increase
demand for plywood to & multiple of its present lcvel,

In order to improve the profitability of plywood pro-
duction Girect commerciel reletiong with the cnd users are
reconrended through the cstablishinent of a warenouse in Khar-
toun, ‘he plywood mill ia Vew weuld ship the plywooud to Kharw
toum ord sell it ex wershrouce to ccasumers in gKhsrtoum et the
retsil poice end to wholsgolers in the other urban centres in
the North at the vholesele price, Tue plant in Vau would sell
plywood cx tfactory o wholesele desleis in the South, as well
as to plywood exrorters. By cstabiiskin~ = retail outlet in
Khertoum snd “asu the gelling price of pl;wood will be minimized

and uwnnecessary intermediaries avoided,
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3 The lew Naserial

rregart Sidtoatior ard Cenersl Obgervoiions

ot amuvch is khanowin sbout the torssts of the Sulan, though
thers cre imcoricas timber resources in the South of Lhe
country. Ir tie absence of ary forest inventory, in lacik of
forest mepe and working plans, it is extremely difficult to
egtimate potential yields of the forest,

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

The sewmills are owned and onerated by the Forestry Le-
partment, concequently o stumpege fee is paid for caw logs.
Royalties zre collectved orly on feilinge mcde ovtside the
{forest recerves, their aim being the protectioinr or timbar
resources by concentrating tinmver fellings in the forest re-
servesg wi.ere plantetions ccon be esteblizhed after the fellings,
In order to accumulate funds for the establishment of plen-
tations after the utilizztion of the naturzl forest a recou-
mendation is made in Anpex 3/3 to introduce & stumpage fee
for peeler logs amounting to 60 Pt/m3,

The feaszibility of plywood prcduction depends largely
on its integration with sawnilling, Indeed, only in this way
will & rational utilizstion of the forest resources be achieved,
Besides that, there is a close interrelation between the pro-
duction of sew logs and peeler logs. fs a matter of fact, both
peeler logs and sew logs occur usually in the scme tree and
their separetion by crosscutting the stem of the tree is by
far the decision iuvolving tlic highest responsibdbility in
logging operctions, Only a well-trained forester, who is well
acquainted with the requirements of timber for plywood pro-
duction, should determine the actusl line of separation be-
twen peeler log and sew log in the felled tree, The operation
of crosshutting is of primary importence for the outturn of
peeler lozs, The reletively high percentage of 3C % peeler
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logs Irem the totel volume of felled timber which is calcuv~
lated ir this repert can be reaclied ovnly with very careful
and rcsponsible crosscutting. Any lack of attention, interest
or proressionsli training witii respect to this operation will
result unavoidably in spoiling veneer end peeler logs and
lowering their outturn. It is therefore absolutely essential
for the succegeful utilization of timber resources for ply-
wood production thet logging cperstions for sawmilling and
plywood manufacture should be carried out by highly quelified
and respomnsible field staff who does not prefer supplying rew
meteriasls to & sewmill rether than to & plywood mill on
departemental grounds but is on the contrary whole-heartedly
interested in supplying the rsw meterial needed 1o both oper-
ations according to *he quelity of the logs,

Peeler logs should be of the following lengths: 130, 190.
end 23C c¢m, or their combinstions: 2A0, 320, 350, 380, 420,
460 cm or nore, it conditions of transport permit it., To
tiiese lengths 7 % should be addec wnen cutting logos in the
forest,

The preseni girth limit of 45" /i.e. 30 cm b.h,diameter/
is from the standpoint of plywood production too high and
could ve reduced to a girth linit 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 msnufasctures goods from raw ;
material supplied by fore:stry. Consequently, this production
is, from the viewpoint of nstional economy, & 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 ig the rainy season which occurs
all over the South of Suden with rsinfall concentrated in
the summer months, In gererel, rainfell increcses both as to
amount snd duration in the direction from lorth to South,
from Eagt to Yest, and, of course, with elevation, In the
Imgtong mountoins the annnsl reinfall reaches an average of
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1400 - 2000 mm nost of which is rrecipitated during the seven
meonths from April to October. 4 distinct dry season is only

fiow Zecember (o lsbrusry. In Jube the mean annual reinfall

ig 909 wu, <he rainy seccoa lests {rom April to Septembar, In

Vau vie nieah ennuel rainfell io 1127 mum end the rainy season '
lasts from Lay to uctober /9/.

Low. inz cperctions siould be concentreted as fer es
possible inio the dry season and 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 vetween ereas accesgible only in
the dry season end areas where logging could be carried out
elso in the rainy season, In these latter parts of the forest
logging operations should be avoided during the dry season.

MNormally logs should not be stored in the yerd for more
thar thiree months., Tuis would rrevent the deterioration of
logs by long storaze., Ingccts or funzi seewm to be of little
peril for tropical hierdwoocs in log yerds in the Sudan; the
moin concern should pe the preventiion of cracks, therefore
protection of the log cupply from direct sunrzys is recom-
mended, Should adverse climotic concitions require the stocking
of a log supply for more than three months, sprinkling or
other forms of log protection mey becone necessary /e.g.
protective costing of log ends egainst checks and splits using
ter oil, lime or psraffin, treatment with 4 % solution of CuSO4
or ZnCla, protection by .cllmapit from the German rFederal
Republic, by UL salts from the German Democrstic Republic, by
lastenox from Czechoslovekie etc./

Asseggment of Timber Resources

At the time of tl.e team s visit to the Forestry De-
partment in ¥Xhartoum tne Director, lir,Kamal Osman Xalifa,
pointed out that in his opinion there were four potential
gites for the establishient of & plywood mill in the South,
ile€e

l, the Imetong mountzins

2, the Loka-liuni area

3, the Yembio-Kzsra aree, and

4, the VWau~kaga area,
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All these four sites were visited by the team and es
far as possible short trips to the forest were mesde, At the
Survey Department in Khartoum aerial photographs of some
strips of forest surveyed ten te twenty yeurs ezo in the
Imatorng mountairs, the hzera region and halfwey between vau
end raga were inspected. 3ased on information provided by
the locsl forest staff, on date conteined in various reports,
on the inspection of aerizl photographs, snd on pé%onal
impressions a preliminary evaluation of timber resources for
the purpose of plywood producticn is made in Annex 3/C.

Among ihe forest regions inspected one - the Loka-Nuni
area - was elimineted as unsuitable for plywood production,
In the remaining three forest regions sn annusl supply of be-
tween 12 and 13 thousendt m3 of peeler logs seems to be
guaranteed, In the Imatong Forest Reserve Katire was chosen as
a poscible location of the plywood mill, the other two contem-
plated sites are Izara in vestern Equatoria snd Wsu in Behr-
el~Ghezal srovince, The logiirg cost is different in each case
and the total coot of the peeler logs et tie factory yard has
been asg2ssed as follows:

Cost in LS per m3

Katire Nzara Wau
Stunpage 0,60 0.60 0.60
Felling and crosscutting 0.75 0,60 0.53
Skidding 24,50 2,00 0.75
Houling 5440 7.20 5.40
Road construction 1,92 2012 1,00
Further cost items 1.16 2432 2447
Cost at factory yerd 12,33 14,84 10,75
Supplement 10 % ) _
Contingency 10 & & 20 % 2,47 2097 26,15
Total cost of rew meterial 14,80 17,80 12,90

Because there is no experience with large-scale logging
operations in the Sudan, a supplement is added as & safeguaxrd
ageinst possible increase of logging cost in case large-scele
operations should raise the present cost of contraciing or re-
quire the stepping in of the Forestry Lepartment,
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I{ shouvld be notad thiat the assessment of the raw ma-
terial supply may convey & true general picture of each site,
but needs further clarification and verificetion as to the
suriace of the forest, its compositon by species and iis
standing volume.

‘The need for s forest inventory to base {he decision for
any industrial development based on timber resources has been
stressed many times in & number of reports, The idee of a ply-
wood mill ir tne Suden which emerges in various reports during
the 60°s snd 70 s has been up to now elways either evaded and
deferred until the coupletion of a forest imventory, or
rejected outright besuse of an slleged lack of timber,

In this connection, specisl rmention should be rade of
the womanisr report oa wood utilizetion in the Sudan, presented
by three foresters in 1972, which denies the existence of
sufficiert raw material ror che esteblishment of z plywood
rnill with an snnual output of 5,000 3 and suggests the
importation of peeler logs firom the Centrel African lie~
public znd from Zzire /10/.

Yet in spite of this report, sll the evidence points to
the fact that there exist in tiie southern Suden - ot lesgst at
the three mentioned sites - iuportent resources of ratural
forests with large-sized irees of valueble species which occur
in sufficlent quantity to be used for plywood production, At
the present stage of inforimation regarding this forest resource
it wmay be safe to assume that though & forest inverntory - et
leost of the crudest type and confined only to the influx aree
of the potentisl mill site - is absolutely necesssry to pro-
vide more information on timber resources cnd to stert their
rational utilizetion, there could be nevertkLeless no justi~
ficetion for claiming that & plywood plent cennot be erected
on the grounds of an insufficient survey of the raw materiel,
On the contrery, & positive decision on the establishment of
& plywood mill would serve ss an impetus end will be an eco-
nomic justificetion for a closer survey of the forest, sas
well ag hesten the collestion of informetion and data on the
existiné timber resources of the sreas considered,
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In considering thie matter, distinction should be made
betwesn the viewpoint of feasibiliiy of plywood production
argd its sctual production. While it would be impossible, at
the present cstage of knowledgs cornaerning the forests, to
prepsrce a deteiled technical project for the production of
plywood, our information regarding the forest is sufficient
to confirm, both with regard to quelity and quentity of
forests, the feasibility of such a project, Admittedly, as-
sumptions were made in the calculations concerning the timber
supply et the various potential sites, as i{o forest area,
tree species and volume, which are at best "guesstirates™
and may be altered by e subaequent inventory. Nevertheless,
because of tiis uncertainty, prcvicion hes been made in the
calculstions to remsin always on the gafe side, But even if
it should turn out that thie quelity of logs in the forest
srea selected or iis volume have been overestimated there
2lwaye remain two sefeguards by which necessery asdjustments
could be made, The first adjustment meesure would be the
increase of the influx area so tuct additional timber sup-
plies could be rsached, thiough of course ztv & higher cost,
This would ve always feasible regarding the low cost of the
rew naterial. The other means consist in & decrease of the
supposed time period for using up the supply which in our
caiculations we took as 30 years, though ultimately a period
of 15 years could well be accepted,

Conclusion end recormmendations

From among the three forest regions where sufficient
timber resources for plywood production can be found prefer-
ence is given to Wau for several reassons,

Weu has the cheapest and best raw materisl, and the
ezsiegt terrsin {for large-scale logging operstions, It has
a raellway connection with the North of the country and thus
can provide the cheapest, quickest and nost reliable transpor-
tation of plywood to the consumer centres, Development in end
esround Weu benefits of & high priority both socially and
economitally beceause of the need to cresie employment, The
authorities of the Southern Region, and especielly the
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Saveld oe eheourzged end fecilifated oy the To N
Lent, I crder to schieve ihis gs quickly as possible they

must tzke tne following =esures,

SnoRt=term na2Lsures

The most inportent conclusion from tuc gresent survey is
to start with tuc lsast poscible delay 8 forest irvzrsory in
thie vicinity of the site selected for the plywood plani, a3 a
follow=up to the feasibility study, either as part of the
multinetional aid prograrme for ithe Sudarn, or on 2 bilsteral
besis, This forest inveatory siould prepere forest nmaps of
the resyective areas, determine ctocking, tree specics repre-
mentelion i ensucl yield, plirn sae outle; of a rotwori of
Porest roods, amt wesioy 1n testin sochenlez] provertiecs ead

ste of ~rosgeciive Tree spacies at the

[«

carryils; out peellrg
Zoby Rescoren end dcucetlon Licstituie end et the metel facto-
ry in Lharioum. Jerms uf relsrence and & cost esliucte are
given in Annex 3/u.,

It was oriplielly interded to carry ov® peeling tests
of up to five tree spscies in Czechoslovaiis zs pzrt of the
present feasibility study. Subsequent exverience showed that
there is no jusiification in carrying out tests in Czecho~
slovakia for the following reesons,

First, all the main iree species occurring around the
posgible site of plywood production have been already tested
s to their suitebility for plywood production by il.Tag ZIldin
dusgeln lasroun from the Sobes heseavcn end Zducation Irsti-
tute in i°74 /innex 3/8/. 3zsidem that, the followinz 10 tree
species Lave oeen teated 2t the lederzl loreest iiesearcih Insti-
tute in heinbeclk /Federsl iiepublic of Gesrmany/: Cordiis afri-
capna, Aizelia efricana, Burikes efricena, Progopis africana
/ell excellent in technological quelities/, and Terminclia
glaucescens, Acacis polyacanthic, scacle eieberiana, slbizzia




- 27 -

eyloneri, Albizzia zygia, Viitex doniana /11/. Five species
have been tested clso in Czechosiovekia in 1973 ss & pre=-
paratory stage for this Polytechna=UrIN0C contrzct /iApnex
3/¥/.

Second, thougli sour trece species uwgy ccclur wiich shoula
be tested for plywood procuction, it is iuyossible to cay at
this stege which tree species these are, since only a forest
inventory in the area of the site choser for the mill can show
which untested tree species occur in sufficient numbers snd
dimensions to be of interest for plywood productiorn,

Third, testing of tree species voth &s to mechanical
properties and peeling characteristics can be successfully
carried out in the Sudan in the Soba Research and Education
Institute and in the Kuartoum match factory, es indeed has
been zlreedy done for quite e nwiber of tree species, Conse-
cuently, this kind of tesiing outside the Suden as pari of |
the international aid programe is not warranted,

What could be a matter for internatiounal or bilatexal
¢id is advice ss to what tree gpecies shwould be tested in
connection with the resulis oif the rorest inventory and, if
so requested by the Sudanese government, operational as-
sistance in efficient or-anization of the testing.

In preparation of ithe foresi inventory an serial survey
sh~uld be carried out without delsy. Recommendations are given
in Annex 3/G.

Medlum-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-
sexrves, The present area of forest reserves is

Province Areas

Lquatoria 740,000 feddens, or 311,00C ha
Bahr-el-Ghazal 810,000 feddans, or 340,000 he
Upper Nile 200,000 feddens, or €4 ,0C0 ha

E
!
|
N

Southern Region 1,750,000 feddans, orxr 735,000 he




This aree represents orly 1,1 & of ths totel surface of the
Southern Legion, The target figure is 15 we In order to
safeguard the raw materiel basis for plyweod procduction at
lezot another 760,000 Lha of forests should be added to the
forest reserve estate in the nesr future,

Long—-term megsures

Finally, a new impetus shoulé be given to the establish-
ment of plantations on 8 ceriain part of the forest land.
These should ultimately replece the natural foresis as & raw
ateriel besis for both sawn-wood and plywood production.

There are at present about 8,600 he of teak plentstions:
5,400 ha in Equetorie and 3,200 he in Behr-el-Ghazal, The
plantations were started sfter World Wer II snd their ege
distribution is feirly even in Bshr-el-Ghazsel, in Equetoria
there were no plantations between 1962 and 1972, Tie annual
increment may be srouvnd 6 m3 per ha. At present only poles
from taicknikgs are utilized, but in 15-20 years itime the
plantations will yield saw logs snd elso a certain esmount of
peeler logs.

PThe coitinuous planiing of teak should be eicoureged end
further increased, but teak should not remain the only species
to be planted, Lxperiments should be started with the intro-
duction of fast-growing softwood species in tue savenna
woodlands asnd continued in the Imstong mounteins, This would
require the establishment of two research stations, one in
Equatoria for the montane foreste and one in Bahr-el-Ghazal
for the savaenna type and gallery forests, These research
stations should be under the guidance of the Lesearch and
Education Institute in Sobs which could orgenize the research
work and provide the necesssry resesrch workers,
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4 Transport

Evaluation ¢t Sites

In any indusiriel development in the Sudean trenspor-
tation is the major constraint, This is especially true of
plywood production in which both the raw meterial and the
commodity produced are heavy, bulky snd costly to transport
and distences involved between the timber resources in the
South asnd consumer centres in the Korth are enormous.

In plywood production trensportation cost depends on
a number of factors among which the distarce from the forest
to the plywood mill snd 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 snd the consumer, is of greatest
importance for the fessibility and profitebiliity of tkLe
eniterprise,

Five possible sites for a plywood mill in tihe Sudan
ere being considered and their economic implicatiors dis=-
cussed in this report. ‘'liese locations are kKatire, Kzare,
Weu, Juba and Knartoum, Furtihermore, export possibilities
of plywood to neighbouring countries through the porits of
Port Suden and liombsss are examiped,

The disternces involved and the frelght retes are given
in Annex 4/4.

On the besis of the freight rates end handling cherges
quoted in Annex 4/A total transportation costs of logs snd
plywood for various locetions of the plywood mill sre com-
puted, sssuming the following concentration of sales:

Weau 10 % or 500 m3 of plywood
Khertoum 70 % or 3,500 m3 of plywood
Port Sudan 20 % or 1,000 m3 of plywood
Total 100 % or 5,000 w3 of plywood

For the site in Juba traneportatioo of logs from Katire,
for the site in Khertoum transportation of logs from Wsu is
the cheepest,




- 30 =

Cost in IS per m3

Kavire 'zara “au Juba ithartoum
Log=ing cost 14,80 17,80 12,90 14,30 12,90
Transport of logs - - - - 11.48 14,17
Cost of logs at
factory yerd 14,860 17,80 12,90 26,28 27.07
Cost of lozs per
m3 of plywood 32.86 39.52 28,04 58.34 60,10
Transport of plywood
To South g.67 17.31% - - 1,091/
To Khartoum 15.89%/ 19.89% 7.647/19.89% -
o Port Sudar 1,199 1.19% 3.12%/ 1,191Y 1,191/
Finel cost of site 62,61 T7.91 39,39 79.42 62,38
LS/m3 IS/m3
1/ Katire-Juba 8,27 7/ Vau-Khartoum 10,52
Handling 0,40 Hondling 0,40
Total _ . Total oS
Cost share 100 % £.,67 Cost share T0 % 7.64
2/ Juve-Kuertoua 21.70 &/ Vsu-Port Sudan 15,13
Haendling %O handling C.40
Total o Total 15.53
Cost shere 90 % 19,89 Cost share 20 % 3.11
3/ Khartoum=Port Suden 5.,55 9/ Juba-Khartoum 21,70
Handling 0e40 Handling 0640
Total . Total o
Cost share 20 % 1,19 Cost share 90 % 19,89
4/ lizare-Juba 16.9% 10/ ghag{oum-Port Suden 3.55
Hendling Oe endling éo
Totel . Total :
Cost share 100 % 17.31 Cost share 20 % 1.19
5/ JubaiKhartoum 21,70 11/ ghartoumFWau 10,52
Hendling O.io andling 0,40
Totel , Ze Total . :
Cost share 90 % 19,89 Cost share 10 % 1,09
6/ Khertoum=Port Sudsn 5.55 12/ Khertoum=-Port Sudan 5,55
Hanaling 0,40 Handling O.%O
Total . Total ) .
Cost share 20 % 1.19 Cost share 20 % 1,19

et ot g s o 2 S e e e <
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The soove celculetich shiows ihe ecoromic implicetions of
each site, but does ot *ell *lie wiole ctor;. The seleciion
of the .08t suitable site must vake intc sccourt r..gt
trensportation of any soxi is the botileneck of 2.2y inausiri-
8l development and has to be kert et & minimum in crder %o
make a project viable, If the transportation tack is evalu-
ated in t/km, the followirg pinture is obtaired for the five
potential sites:

000 “t/km
Locetion Katire YXzsara sau  Jubs Khertoun
Hauling 375 5G0 375 375 375
Log transport by road - - €13 2,075 513
by rail /.su-thsrioum/ 16,725
Plywood transport
by road 648 1,879 - - -
by rail - - 3,082 - -
on File 54570 BauT6 - 5,37¢ 598
exports 567 567 507 567 567
6,066 £,38% 5,638 1,395 21,07

Tnie chows thet “au zné Kaiire nre the sitas wish the
smallest end cheapest overzlil transpori. & la2rger cosé wnd
8 lerger volume of transport is involved by selecting the
Nzera cnd Juba site, Ag to the site in Khsrtoum, though
economicelly it still seems to be a possibllity, it is not
feasible technically, The reilway line from Vau %to Khartoum
could not hsndle this volume of tremnsportation,

Coununicetions between lorth cnd South

It should be rnotad tuat the weekest link in s11 tlie chain
of trensportation is slwasys the connection hctwezn “he korth
end the South of Sudan, There esre prectically two linen of
cormunication: the Uile from Juna to Hcati, opd ihe railway
line fron Jeau tarough Babenousz to av,owie It is cifficult
0 cay which reens of itrancport is legs 2fficirny 2nd Iess
reliable and should tiierafore be avoidade Zoth trocrnrportotion
lines are in vexry poor state,
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Theoretically, transport from Jubz to Kosti down the Lile
takes 6 days, to ihartoum 10 days; upstreem the duration of
transport should be 10 days from Kosti, 15 dsys from rRhartoum,
But practically it tekes weeks and months to get rich needed
supplies through this route, Haximum lifting capeciiy of crane
is 30 t in Khartoum North, 10 t at Kosti end 5 t in Juda, 3ut
the army and the kechanriczl Trensport Departnent in Juba hsve
cranes of cover 20 t 1lifting capecity. There are no storing
capacities at Jubs and the handling of goods, both loading
and unloading, should be done by the owner of commodities.,

Reilway transport from tae South to Xhartoum would seem
to be faster then on the Rile, since it takes e train 3 to
5 days to trevel from Khartoum to Weu, But the team lecder
had the pleasure of drinking beer in Jau which tonk iwo 2nd a
half months to come from Khartoum,

There are no lozding or storage fecilities in Wwau, Loading
ané unloadins should be done by the owrner of goods, There isg
no wegson scale, corsequently freight retes cre charged for
a 16 t load whatever the real load is. [he reilway extension
fron Babanousa to zu was bvil%: in the 1960 s with haste and
is probebly the wesikest znd least efficlent lirk in 3ll the
network of Suden Railways.

Doth communicstions, the railwzy snd the l'ile, are fully
lozded on the way from the North to the South., In the oppocite
direction, from the South to the Korth, most railwey cerc and
barges go empty, “his one-iray traffic fevors the location of
any irdustrial plent in the South since it helps to utilize
better the return moverient of vehiclee by sending its output
to the consumer centres in the liorth,

For ithe time being no redicsl improvement in either Lile
shipping or reilway traspsport ccn be expected, ‘/nerever ile
plywood plant will be situszted, serious trouble mvst oe
anticipsted arising out of the lon: end unrsliable tiransport
connection betweern liort. and South luczn, It would De
inerefore asscntiel to plecge tae Governmert s suppory to
this industrisl developmeni and assure th2 granting of & high
priority and negotiation of special cgrecuents with Suden
Railwsys /ox the l:iver Prasnsport Corporation/ for cll trensport
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connected with the esiablishment and operction of the ply-
wood mill,

Rogd traffic

Another mejor concern in establishing a plywood mill is
the inedequate and unasatisfactory infrastructure of the '
Southern Reglion especially with respect to road cormmwnications,
There are in BEquetoris and Bahr-el-Ghazal provinces five msin
road 1links /called in kickelin s map "partially improved
roads"/ which are said to be sll-weather roads:

Juba - Torit -~ Kapuete - Kenya /last section in
construction/

Juba - KNimule - Uganda
subg - Yei - Zaire

Jube - Maridi - Tumbura - Wau /leading elso into the
Central African Republic/

Jubs - Rumbek - ieu,

A1l these rosds could be also of importance for & ply-
wood plent., But economic tresnsportation on these roads would
require:

- considerable rosd improvement by investment

- better road maintensarce

- replacement of the ferry opersting on the Duseri river
by a bridge

- more treining and control of drivers and msinterance
mecherics

- better mainterance of vehicles.
Consequently, when using roed trensport, the following
preceutions should be taken:

1, Transport should be concentrated ss far ac possible
into the dry season, and restricted during the reiny season.

2, High priority should be given to road improvement and
maintenence,

3., A speed limit should be set up and the time of de=~
parture end arrival of lorries checked by control posts,

4, The training of drivers and meintenance mechahics
should be intensified and improved and, when necessary,
expatriate instructors should be hired.

5. liore sttention is to be paid to the sugervision snd
control of drivers,

6. Yaintenance of vehicles chould be better organized,




Conclusion

From the viewpoint of transport Weu is recopmended ss
the best site for a plywood mill for the following reesons:

- Location of the plywood mill in '/eu results in the
smallest volume of ove:all transport of logs and plywood

- Logging in the isu sres is the chespest end the cost
of logs at the factory yard is the lowest of all alternatives

- The site in Veu has the advantage of reducing road
transport to s minimum

- Comrunication with the North of the country is cheapest
by the railway.
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5 The Plent

dasic .ate

The plywood factory in Wau should have an output of
5,00C m3 of plywood sheets per ennum besed orn ore shift
operation, corresponding to the sizecllest ecoromiczlly feesi-
ble production capecity of a plywood plant by internstionally
accepted standsrds, Such a size of production is justified
by the iull utilization of machinery on the one hend and by
the feasible distance of log transport and corresponding log
supply on the other hand,

The rate of utilizetion of timber in plywood production
depends mostly on the quelity of tiwmber and the skill of the
workers end may vary between 40 znd 50 %. For the \Vlau facto-
ry it is put at 45 o for the rext four to five years, but |
later tais rate of utilizziior mey rise to 0 & as workers
chell lesyr howv to precess first class raw materiel to best
advertege.

“he expected rate of utilizstiion of 45 i reprzsents a
requirexent of 2,22 m3 of logs per m3 of plywood, or an
annual :imber consumption of 11,1C0 m3 of peeler logs in
order to operate the factory pt full cspscity.

It should be roted that the emcunt snd quality of timber
supply availeble in Yau would permit, besides plywood pro-
duction, 21lso an additioral production of sliced veneer. In
this way logs of highest quelity and lerge dimension, es-
pecially over 120 cm diameter, could be utilized to best
advantage, especially foi exports., Approximate cost of pro-
duction for sliced veneexr are given in Annex 5/A, Deta on raw
materiel znd merket will need further study.

Jith 27% working days & year /recomﬁended by the Regionel
Yipistry of Industry es the usual approasch in the Sudan/ the
deily output averages 1& m3 of plywood, corresponding to a
deily consumption of 40 m3 of logs.

The loz cupply is expected to be composed of the follow=
ing tree specles:
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<hava serezalensis 67 .

sioeiia efricana 10 &

Larinllae oliveri 10 &

Isoberlinia cdoka 10 .

ciscellenous 3%
?

100G «

The expected structure of plywood sheets derived from
the market survey is coapoced of

3 mm thick plywood, size 122 x 220 cm 1,300 m3
4 ma tidick piywood, size 12z x 220 cm 700 m3
3 mm thick plywood, size 122 x 183 cm 1,200 m3
4 i thick plywood, size 122 x 183 cm 300 m3
5-10,0 6 mm thick plywood, size 122 x 220 cm 500 m3

1% »m thdick #BP plywoed, cize 122 x 183 em 1,000 m3

Total 5,0CC m3

The 3 und 4 ur plywood sneets are intended for furniture
production, Tue 10 rm sheets chsll serve mainly for furniture
sectiors replacing ilhe wecoromic use of massiv wood
/cupboards, coucies, chelves etc.,/. Water and boil proof ply=-
wood /WBEF - BS 1203:1954/ chould be used, in the first instance,
o8 @ replucement of imported coniferous sewnviood ass shuttering
in construction., Cre m3 of wsterproof plywood can replasce at
least 15 m3 of coniferous sswnwood in shutterings.

For the cores of 1C and 15 mm plywood sheets Isoberlinia
doke /Vubg/ should be used.

Technology
In plenping the pliwood plent the following principles
were cpplied as guidelines for establishing preferencies:

- wherever possible %o select equipment and procedures which
provide employment to the greatest possible number of people,
as far s econonics justify such s selection

- to avoid expensive equipuent end procedures which would
represent e neavy drain on ioreign currency resources

- to plan simple end "foolproof" equipment &nd procedures
which are easy to handle ané do rnot require very high skill
ané treining.
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Ihe main picces ot eguipwent in & plywood plant are the
leg, peelsly Sue Srier snd ithe press,. For coiiplete list of
suulpnest se2 Yoble 5,

fue peeling lechine snould ve wlle o0 nrocess logs of
1,0 cne 230 cm lengenie 2h2 {eeding should bz Gone Ly 2 wmono-
rail w~ita an cleciric hoist, but logs shoul:l be transported to
tue peeling raciiire by cerriage and the reelin; of vencer
should be done by nand,

A drier of hijler capecity uaes been selected in order to
operate ir one suiit only and to have thus the option of using
it in e cecond snift for drying sliced veneecr which remains
8 promising possibility,

For pressing, a press with platen sizes of 2,600/1,300
um with msnual loaiding end nydraulic lifting table is recom-

mended, This dimenszion encvles the pressin~ of all plywood

-

gizZes &srd - wagt io of special inporience - retzins the

ntion ol producin; periiviouns ccovercd witi sliced vereer
or sprertrmeut irveriors /required lerngth £,40G0-2,500 mm/,

Ti.e wirole production process from the spreczding of glue,

the sssembly of olywood ¢nd pressing can be orgenized zlso in
ar sutc..etic line, the whole equipment being controled from
thie press, ‘he price of the vwnole zutomatic line is around
L3 50,000, but investiments of this order of megnitude would
be ecoromically rnot justified in thie local conditions in
Southern Suden and for the small cepacity envisaged.

As to glue, for plywood sneets used in furniture produc-
tion urea formsldehyde in powder form es well as 8 hardener
ie most advantsgeous both from the viewpoint of transportation
and storege. Adhesive in liquid form cannot be recommended
becaugse of short shelf life end higher transport cost. For
#EBY plywood only ohenol forraldehyde in foil form should be
conzicered because liquid prenol-feormsldehyde glue has a still
shortexr shelf lifc snd its trancport is expernsive znd risky.

The production process of plywood shall ve orgsenized as
cxpleined in detail in innex 5/B,

Tae plywood plient in J/au should be situated near the
cailvey gtetior odjoining the vau Trairing Sewmill vwiti which
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it chell have the log ysrd in common, This close neighbour-
hood will facilitstz coopsrution between the two plents end
integration of production witi respect to
- tiie selection cf geelei loge from emong the saw logs de-
livzrec
- the ntilization of sawmill weste in itne boiler of the ply-
wood plunt
-~ the conversion of peeler log cores intoc sawnwood at the
sewmill
- the use of expensive equipment for meintenance and repeir
- everntually the uvse of a stend-by generator,
Tata on materiel snd energy consuumption are contaired in
Annex 5/C, zrd the calling for tenders is given in Annex 5/D.

Constructioh

“he lay-out of the main operational building of the ply-
wood plant shell be 150 x 24 m, The building sheall be enclosed
50 as o0 prevent rain end weather influerces to enter the
spece euc¢ to protect thie plywood agaeinst fluctuations of rela-
tive air humicity. A4 skeleton construction with brick well
shalil bte used, The buildinrg containg the production hell,
mzintenance shop, tue grinding shop, the compressor station
laeboratory, glue store, and the store for spare paris.

Hext to the wsin operetionel building is an administra=
tive building, with a 200 m2 ground-floor. It conteins the
offices of the managemert end administration personnel,

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

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

Hygienic facilities are dimencioned for 130 people, helf
of ‘hem.being men and hell women, These facilities comprise
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lavaiories, sinuvwers, water-closseis e¢nd a dirirg-hall, Totel
required space is 300 w2,

In the tirder yard whick shell be in coumor with the
Wau fraining Sewaill supjortirg poles under logs should be
provided,

A1l other coustruction ornd its cost are given in
chapter six.

Training prograsmuie

Before the installation of the nachiner; of the plywood
plant suitable workers chosen very carefully from among oper-
ators in the Weu Training Sewmill or ir other sawmills of
Bahr-ecl-Ghazal province should be sent abrosd for training to
the company which will deliver the plywood eqipment, This
prectical training in operation in a plywood plent should com-
prise the professions of tlie lathe operator, of the dry-oper-
ator and of the presg-operctor and lest at lesst six months,

The foremzin and operators of othexr equipment will be
ingtructed how to operasle equipment in Weu during the as-
sembly oi the plent under e guldarce ol fitters of the
supplying company, Besides thet, a practical trsining end
instruction course should be arranged during the assembly of
the plent ebout production technology and the servicing of
equipment, This course should be sttended by all workers of
the future factory. The training and instruction should be
given by the specielist whio will be in charge of menagement
during the running in of operations end in the sterting peri-
od of production, until this position can be filled by his
counterpart whom he will train,

During the assembly of the plant meintenence workers and
the crew of the boiler should be already assigned to their
respective jobs in order to become acquainted with the e-
quipment, They should be chosen from emong experienced workers
with adequate quelification,

In the first two yesrs of operstions two expatriate
experts /one for techmology and the other for meintenarnce/
should We hired in order to control the running in of the
plent and to complete the training of all personell,
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For the future Sudanese tecunicel staff for the plywood
1ill - and for the sawmilling anc vioodworkin;;s industry at
lar;e -~ siaould be irained in a profescionel woodworking
educziion centre ut secordary cchool level whiich could be
estevolislied iL Sfoba,.

In another dcveloprent the college training zud eaucation
of professional staif specialized in the woodworking industry
should be enviseged ot Khartoum university., This siudy coculd
be closely linked with the forestry or engineering curriculum
by adding lectures on wood and its processing during two
senesters to the externt of 5 hours and exercising to the
extert of 2 hours, This trsining should be entrusted to en
expert with educational experience and a good knowledge of
Africen tree species, The existing woodworking industry in
the Sudan would greatly benefit from this improvement in

colleze training.
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6 Ecorortic and financial evaslustion

Sales forecest
The struciure of the potentizl msrket 1s specifiad
in deteils in the chapter deasling with the marketing
sspects of the project., In this summary, the calculation
of ssles value is made undexr tnese assumptions:
Seles /in m3/
zx factory Khartoum  Khertoum Totel

Jau wholesale retail
3 mm €00 500 1,200 24500
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 24500 5,000

Selling prices /ir IS per m3/

gx facvory Khartoum  Iharioum

liau wholesale retail
3 m 168,0 180,0 168,0
4 mn 141,0 153,0 171,0
5=10 mm 13,0 147.,0 162,0
15 mm 137.0 149,0 164.0

The expected structure of quality grades and the deteils
a8 t o the calculetion of sverage selling prices are given in
Annex 6/4.

Sales revenue /in 1,000 LS/
Ex factory Khertoum Khartoum Total

Wau wholesale retsil
3 mm 134.4 90,0 237.6 462,0
4 mm 42,3 30.6 8545 158.4
5«10 mm 2'7.0 4.7 3244 T74.1
15 mn 274 29.6 9C.4 155.6
Total 231.1 165.1 45349 850,1

Averagze selling
price /in IS per
m3/ 154,.. 165.,1 181,6 170,0

Thé above indiceted level of ssles revenue is sssured
to be reached in the 4th operating year, the smounts of




sales receipts in the first three operating years to the

start-up period are quoted in Annex 5/i.

Investment cosis

The delivery of the plant should be contracted on e
turn-key basis, “hile the investuent cost of the precduction
machinery and equipment are calculated a2s to be psid en-
tirely in foreign currency, the consirvction works and the
deliveries of transport equipment and furmiture are planned
to be fully sub-contracted to Sudanese suppliers,

Detalled specifications /with the necessary techniceal
data and price quotations/ for the production machinery and
equipment are given in Table 5 /see psge 123/, Other details
concerning investment costs are mentioned in Annex 6/B.
Summery of investment costs /in IS/

Foreign Locel Total
currency _currency

Production machinery and

equipment 516,310 142,170 658,480
Transport and office
equipment - 61,600 61,6C0
Construction works - 277,000 277,000
Preliminary expenses 22,000 92,560C 114,600
Totel 538,310 573,370 1,111,0&C
Permanent working cepital /in IS/
Foreign Loceal Totel
currency currency.

Spareipirjg gnd t:ﬁ?nical .

meateria % on e cost o

production machinery and 5 % 12,380 44590 17,570
on the cost of vehicles/

Production meterials
/1 % on the cost of pro- 4,330 1,100 5,430
duction machinery/

Stock of raw material

/for 3 months/ 35,800 25,800
Stock of sdhesives 15,G00 500 15,500
Nages and salaries

/approx.4 montns wase bill/ - 15,000 15,000
Provision for cash - 20,000 20,000

T i e
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The break-down into local and foreign currency re-
quirements is made in order to furnish data for the macro-
economic evaluetion of the project,

Totzl capital requirements /in IS/

Foreign Local Total '
currency currency

Investment costs 538,310 573,370 1,111,680

Permanent working cepital 32,310 76,4990 109,300

Total 570,620 650,360 1,220,980

Plan for financing

During the stay of the working team in the Sudan, the
governement suthorities were not prepared to specify the
expected sources of financing the project. To enable e rough
preliminary sssessment of the impact of financial charges on
the profitsbility 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 snould 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 meximum losn cen not exceed IS 700,000,

~ loans are granted for periods not less than 2 yeexrs and
not exceeding 15 years; the Benk normslly grants e reason-
able period of grace before commencement of re-~payment to
permit completion of the project,

- the current rates charged by the Bank are ..5 % on medium-
term losns /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 Industriel Bank of Suden,
it is essumed the supplier of the production machinery and
equipment may grant s medium-term loan covering approx. 40 %
of the vglue of production machinpery,




- 46 -

cunmary of scurces of firesncirg

) Interest Payeble in
=quity cepital 00,004 - -
Supplier's loan 150,08C 95 & 5 years
Lonz-term loan /I.3eSe/ 400,000 8¢5 % 12 years '
Ledium~ternm loan /IleB3eS./ 249,3LC 2e5 6 years

It is asswied that the commencement of repsymert of
the loens from the Incustrial Bank of 3Sudan mey be postponed
as it is to be seen ir the re-payment scheme /see Annex 6/C/.
The simuletion of the finarcial pogition of the plant
during two years of comstruction an¢ 15 years of opersation
is shown in the cash~flow forecast /see Annex 6/D/, The re-
placements of the equipment will be paid from the firm's cash
resgerves,

Istiimates of costvs znd profits

Operatins cosia

The runnins-in period is assumed to cover the first three
Years c¢f operation, In tne fourth operating ycar, the full
capacity of 5,000 23 has to be reaciied with the corresponding
full level of operetional costs resumed in the following table:

Ls

a/ Raw material /peeler logs/

11,100 m3 x IS 12,90 143,190
b/ Urez formaldehyde adhesive

200 tons x IS 190,0 38,000
¢/ Technological flour

36 tons x IS 100,0 3,600
4/ Phenolic foil /Tegofilm/

600,000 m@ x LS 0,033 19,800
e/ Electrical energy

942,700 kvwh x LS 0,035 224995
f/ vWater

27,000 m3 x IS 0,04 1,060

g/ Repairs and spsre parts
2 % prodvction mechinery,
5 % on vehicles snd 1 & on construction works 15,050
Cerried forward 253,715
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LS
Z53,715

h/ Conswinticn oo tochninccl ssbteriall

/tools, etCes

1.5 .. or produciion mechinery €,130 )
i/ Insurance

0¢2 i on buildings and machinery,

Ce5 ¢ or stock of plywood and 5 &

on vehicles ; T9E10

j/ Viages snd caleries
/details are -iven in Table 4/ 62,460
k/ Social securiiy
- obligztory /a simplified calculation
of 10 % on the wage bill is assumed/
- facultative /covering risks not incured
oy the state social cecurity scucie in

he repnce ol 5 i cr the wage bill/ 3T ¢C
1/ Troensport cocsis
3,5CC m3 of pl;wood sold through
Khzrtoun sectior will be tramsportcd Ty
railwey
3,500 x IS 10,2 3€,150

m/ Sales expenses

5 % on the value of scles in ex factory

prices 38,500
n/ Plant overheads, sdministrastive

expenses, etc,

10 % on operating costs /excl,transport

cost and ssles expenses/ 34,150
Total 452,295
Contingency /sporox, 5 5./ 22,500
Grend Totel 474,795

Taking in considerstion the lower output in the first
three opereting veerc of the running-in period, the calculation
of the consistent levels in the operczting costs was mede in
Anrex /A,




Profits crd to.-tion

Teole © showirs tihe aanual on:ratin~ accounis ior tae
waeie eriod of 19 raears ol opersztior srelyses the develonsent
of cocies reventes, ogcracir;; cné otiner vorkins costs, gross
rrofit ard nev rrofit fce- Lzge 49/,

The calculotion of thie net proiit is razce under assunption
that en exemptior from payment of profit tex will be granded,
accordirg to tue indusirisl investine:t resvlctions, for w..e
period of the first & yesrs, Beginnirg from the 6th operating
yeer, the normsl raie of 6C i of the profit tex is planned to
be delivered to tiie Sudanesc firancisl suthorities,

The loss of ine tirst year covered Dy crofits of tiae two
successive two years indicete that liquidity problems may be
feced et tie vegirring of opexctions /tl.e firencizl solution
can be seen ir irnex 5/D/. iowever, sicriing ith the fourth
year of oreratior very :eceive intlcews of enruvsl net »rofit
will contrivute io the fest increase of cesh rezerves.

commercisl profitability of the iroject

The cormmerciel srofiigeility ol the plent is neturally
higilly dependirg on tue pricing policy. Though the estimstes
of prices Leve been mcde with the objective to enavle the
meximum prowotion of the local uariket, reducins present nrice
levels by rniore than 504, the level of profit shows very
reasonable margins as can be seen from the following profit-
ability ratios based on dsta of costs cnd profits of an averege
year /arithmetical mesn from the time series of 15 operating

__years/:
profit bef, tax and deprecigtion 25,3 %
rate of investment
return es
ratio of profit efter tax s, bef, deprec, 16.6 ¢
B investmeny
investment 4 yeers
pay-back profit bef., tax and depreciation
period es
ratio of ., investment 6 years
prorit after tax and bef, deprec,
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oerating  .aler Cozvuiing sepricletior  interest Total rrofit - “log:
years reculpes: susis paiu expenses oefore tax
1 -_;;c,la; 329,150 110,418 76,749 2324303 - 1lliZ,z20(z
2 CTC L ULG 439,380 135,410 T4 4391 630,191 49,709

3 TTE,500 470,215 115,410 6,067 654,692 117,E0¢

4 E5C,000 474,790 116,410 59,404 650,609 195,4¢

5 050,100 474,795 116,410 49,933 641,138 208,962

o 650,10C 475,795 93,61C CyDES 607,994 242,106

7 S50,10C 474,795 3,610 31,997 000,402 249,69t

8 £50,100C 7464795 93,4010 23,693 592,098 258,002

9 85G,100 474,795 93,610 21,077 589,482 260,618
10 £50,10C 474,725 95,010 1€,610 5E6,644 263,456
11 EB0L,10G  4T44795 C3,010 15,160 5€3,565 266,52¢
12 £50,100 SRS 25,018 11,010 530,224 269,876
12 CEylhu AT4,005 U3,620 E9194 576,599 273,501
14 S17TON KU o 1 S U34520 4 e2061 572,668 277,434
15 £90,20.  L75,705 ABPUNAS 568,405 cel,508

]

SECTION

1




Table 6
irterest Total rrofis log:/ f§§}§?tigg Tex on et Cumulztive
pala expenses oefore Tax T tax * proiit nrofit net profit
76,749 £32,309 - 112,003 - 112,208 - - 112,209 - 112,209
Th,391 630,191 49,709 - 62,500 - 9,709 = 62,500
6£,067 654,692 117,E0¢ 55,308 - 117,208 20,308
59,404 650,609 195,451 #5479 - 199,491 254,795
49,933 641,138 208,962 463,761 - 208,962 463,761
G,56% 607,994 242,106 705,667 145,264 9,642 560,603
31,997 600,402 249,69¢ 955,565 149,619 99,679 660,482
23,663 592,098 258,002 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  5E6,644 263,456 1,737,641 158,074 105,3€2 973,312
15,160  5€3,565 266,525 24004 176 159,921 106,614 1,079,926
11,012 580,224 269,876 ©y274,052 161,926 17,550 1,167,876
£,194 576,599 273,501 2,547,553 164,101 109,300 1,297,276
2,261 572,660 277,434 2,625,987 165,460 110,974 1,40€,250
568,405 161,575 106,602 189,017 111,678 1,520,528

[_SEction 2§

B et & L P
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ore cats concerning tne proiitobilicy of the croject
can be tound in Aanex =/3 cemprisiag, basides several uore
crofitavilicy rotion, tlhie caicul

etinn of tie internsl rate

of returr and thec break-even analysig, Yuc resulis of these
calculations =xphasize still niore the cbove gtated conclusions
regarding the hish commercial profitability of the project,
thoug!: 2t the szme time plywood prices sre belng reduced very
deeply below their present level,

The gsensitivity snalysis inquiring into the potentiel
flucsuations of salec revenues, operating cocts ard investment
requirements indicate the very stronz pogiton of the projected
home-procuced plyiwvood whern compared with import=d plywood sold
on the 3udanese market. It confirms once nmore that changes in
prices might have the most importani impact on the level of
profitability and demonstretes tne really wide and sefe limidts
for the future pricing colicy of the plant/for more deteils,
see Annex €/F/,

Cmero-econou.ie cvalusiion of the ruiect

T Tne esteblishment of =z plywood mill in Wau with an anpuel
output of 5,000 m3 of plywood would bring the following benefits
to the Sudan:

1, The annuel import of plywood in the range of 2,500 m3
valued @t some LS 500,000 could be stopped immedictely and
‘ replaced by smaller imports of adhesive“}esins; the yearly net

savings of foreign currency /both from import replscement and
potentisl exports/ will fluctuate in the limits of US g 800,000
to 1,000,000 as cen be seen in Annex 6/G.

2., Domestic consumption of plywood could be almost doubled,
thus helping to alleviate the existing shortage of building
meteriels and expanding the menufecture of furniture, In places
where modular construction is accepted imported ccniferous
cawnwood used for shutterings could be replaced by rlywood end
thug sawowood imports could Le reduced and zdditionel foreign
currency saved,

3. The current weste caused by using timber of peeler
log quali%y of mahogeny and other valveble tree species for
inferior purnose would be largely stopped and & rationsl
utilizetion of the country's timber resources encouraged,




-‘)l-

[ 3]
[

4, rerestry in the influr oree of the plywood mill woulc
be cnecowrazed To corvert neturcl foresies te nlantetions, to
intereity lorest management and to develop training gnd
resegrch zctivities in forestirye.

5. Dy e3tablisning & plywood plant in the Sudern, tech- '
nical progress in the indvetriel developmant of the wood
processing sector would be assured, “nis would be especially
felt in furniture production end in the building industry.

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

Te Substantial financial returns could be expected
from a well managed plywood plant, creating revenues in the
form of stumpage, itaxes, interest and profits,

B. In sgsessing the gocial benefits of the project, the
najor espect, lLoviever, to be considered ic that of employmant,
Thie dirzect effect of the implementation of the project will be
to provide euploirient for the people voth in the plent itself
ard in loggirg and forestry operatiions, Besides, the spending
power genersted frow wages ard galeries will iend to increase
employment in otlher sectors of econonmy as well, At the same
time, the skill of the leoour force would increase by trsining,
social benefits customery in industrial plents would improve
the socisl standard ard a higher social standing would be
achieved for all the staff and workers of the factory.

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

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

But the estseblishment of a plywood plent in the Sudan
is also & challenge, lio false hopes should be raised by
implying that this venture is golng to be an essy taske Opnly
eble planning, efficient management, harmonious cooperation,
and an earnest endeavour can bring the desired results,

B —— e sV e
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, ord once
iocal production iv eforuved 1. con oue vaizls uoswsd thot
demend wili deunie ir guont five yecrs,

e Tligre zre gsufiicizal t
Southersn Pexion for the establishuent of several plywoou

plsnte of shis cz.ecity, using arnually 11,3100 m3 of peeler
1

[@EY

logse 1nes2 cculd be locotes irn Jeu, in tre Lxatory, and in
Lzera,
el
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N cug reco nuenooe site Tor ecevseliciin e Firat pive

wooc plopt ig v,

e i fZ 20770 s PO ¢ TS Y o b oW oatet Aaouu
& ouRc.rocedlc ¢ cnicoiar L Lk,
by cUiLusnle  boorien o aredooLita woods oosvly deoenttin
the ool oort olruooa rdoe Diowne othen Loocoure “hel LoD zna
yet alill oe nilgni; psror taole opd orin. im2orernt sociel

bepnelit.,; spt solirns ©o v nationsl econony.
In crier to czrry ovt successyully tuiz oroject, the

followlirg recoumendations siould be ovserved:

hecormaendations to Ui ieressyy epsrtuert:

1. in nerizl suwivey of {he tluber resovrees arouhd Jau
snould be carricd out with gll poscible speed,

2e A forcsi inventury chd los-irg pler tor the influx
erez of the plywond plapl shouvld be prepared, pogsibly with
multilate-al or Lilateral eld,

e Lir order to rreprwyre for the irpencing inductriel

aevelopmznt $t is recomz.ciced to esteblish a sfunsage fee

for gecler logu, w0 cxamirns the advisebility of reducing
the vresent girtin limit, to train the forest staif in
peeler lo- selection and to take cther steps /as decla=
retion ©f ioreat reserver, intensification of efforestation,
inquiry intc the poscibility of softwood plantatiors ete./.




4o Since ke egbehlisiimant of e second and valrd plent
o

may be soon mecessoxy to meet dernna ior ~lpwocd, savmilling

cenacities should be ingtzllied Lrn the Imavo:; mouktains and
in fae szars resicn to sromcte future interrztion with ply-

wood preduction antd to ennble £ balarced exploitation of
forestes for both caw logs cond peeler logs witn the suc-
ceggive conversicn ol nziural forests into plasntations,

Veconwenduiions to tne lidnistry of Tndustyy:

5. 4 close institvticnal coonevretion between the ply-
wood mill gné tie lorestry Lerartment should be estazalished,

6, An inquiry should be mode into the possibllity of
sliced venezr production, both from the raw material and
the market point of view.

7. hn effort siculd bz mede to promote the use of
locelly wede plyweed by coavorming ive quality to inter-
reticnelly accerted sterdurds. o tais end legislation

chiould be sasseld (o csteplish @ national stsnderd for
Sudenece Plywood,

Lecommendctions 1o tue lanager »7 the Jau Faclicry:

8. Training of the three key .opsrators /on lathe, drier
and press/ should be arranged sbroad for at leest six months
each and foremen and workers should be acquasinted with
equipment in the plywood mill during its installation.

9, fraininz, instruction snd control of drivers and
meintenance mechanics should be orgenized 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 consumpiion direct retailing should be orgernized by the
factory by setting up marketing channels both in khertoum
and in Jau,

Recovniendesiore to the Flenpning Commission:

11, The developmeni oi infrastructure in the Wau region
gshould receive s high priority, especiaslly with regerd to
the replecement of the ferry on the Buseri river by e bridge
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and to the reconstruction of the nage reed. Thig -rould open
up forests for ecoromic logzing. .

12, A secondary tecunical scheol specialized in teaching
woodworking subjects should be establiched in Soba and
lectures on woodworkin: irdustry siould be included in the .
forestry snd/or civil enpenceriny currizulum at Kharioun
Universitye.

13, In order to speed up industrial development inter-
netionel essistance is required for cerrying out a forest
inventory with logging plan in the surroundings of Jau.
Multilateral s8id could be provided best by UKNIDG, or even
by FAC,. liecessary aid could be obtsired clro on a bileteizl

basis.







- 56 -

1/A Concitions of Field liork

It should be rotad thot tae

visit to %the Sudan, with respect fo the field Lxips,
wags 111 chosen. Mie noatns of July, Aujus™ 2pi Sepled=
ber, during which tie team staya” ip she Suian, 2re Hhe

peak of tlie rainy season which, in the South oi the
country where the iorests had to be visited, is guite
prcrounced,

Tnis has been apprehended by the team beforehand and
Polytechna pointed ovt to UNIDO tha inadvisability of the
team s departure to Llie Sudan in the surmer rperiod,

hecordingly ULIDO pub the question of the timing of
the team’s visit to the Sudar to the Goverrment in Kher-
toum waich requested by cable the tean’s arrivel "eorly
July", This request nas beer complied with, vut the actual
field work ¢ the teer war rea*ly hanpered by ils ill-
tirne¢ arrivel,

-~

First, there l¢ wuch valn Ip the Ievthh off tae Julan

e
i

[

1ig timz of the yoor ond leequenit dournnours innnered

o
[ Y o

ar. ipagzetion of the Torest, irdaesd wnclis days may beo logb
becavce of leoting heavy rain,.

Cecond, tie grass of the savanna forest grows very
tall in this season of the yesar, it often excceds 2 m in
height and consequently any view of the landscare is losti,
both when trevelling by cer, or welkin; on foot in ‘he
{oresi, Incidetally, this clrcumatence i3 zl30 & sovrce
of denger from wild animals cince inadvertently one nay
bump into elephants ov buffeloc ¢t close ranse co theat
they nay charze.

Third, 211 water covrsos sre at high water levels,
the botton laznd of velleys is flooded 2ad prevent eny
peseing througihh the forest, coithizr by car or or {ioi,

Tourth, treveliing a3 *“his tirec of che yeor is
exceeldingly dirficult becavse of Lle r-d 5enln of yoads,
Loués are nev.ir Ln too gocd g ruane in .is noat oi the
country, not even -in noin roele connectins the oot im-
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the sruvellers CoG NYEVELUn

‘Po cite an example oF how difrvicult it is to cee
o Zorzet, indeed to chow st 1t s be sometimes irpossible

%o rexcl. it Juring *tie roirns geacon, the cxpert's attemps

to 70 bo o gn reel Gl oo Ticsisl, Zo2 Jerests In tho Hesa area

LGNE ooy Arlolioomed o vl Limor oaood Ll rorosirl Lo lelhe
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g tizol eltelint T wme oaeniled ior loclk of Zuel end

2lso becauase tine s ting shors, e exgert returned
to .au a2 cecond time to reochi thic site, It Look seven
days of preparations to start on the tirip to Raga, Tuel
was obtaeined by epplying for help to the Commissioner of
the Province, # cer wag provided for by the rerestry De-
partment by ordering & five ton lorry from & logging
operaticn 15C km dietant to Wau, Finally tke expedition
started on its 300 km trip to Paga ~ only to be back in
Jau the ceme day: the briége over ithe Pongo river hasg
collapsed and there wes no possibility so cross the flooded
»iver 1oy st lecst a ronih, o ©ll thot could be cons was
to collect heersuy irnfornalions Jrom ouresv stell orizi-
rating from the ralZa axcu cnd try Vo establish Ly cross-
excmiration what the Coruat resovrces of Repe reelly are,
inhere is alwoys wu chormous hiczerd in tane reiny
ogaor Lo we trapred somevhere i the South for days snd

for weecirs, 1if not rox ronths, in rerote rejions,
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The trip to thes Sudan was ill-timed zlso for cnother
reacon, The Iloslenm montnh of Ramadan 1=21ls ir 1975 in
most of Septerber end early Ocinher, when all cetivities
are reduced, if not suspernded, .orking hours in all offices
and instituiicns ~re ghorter thor wsual and peoplie are

fagting,

jo )
C
a

exauscee

This wss especially felt during tre team-leccder o
atzy in Bgypt. Out cf seven days gpert in Cairo, two days
were taken up by errival and depariure, One day was Iriday
and one dey £id el Fitr. In the three remaining days work
could be performed only from 9,30 to 12,37, vut nany ir-

stitutions, including UNDF, were closcd on Thursday, and

some even on the oitner days, cc a concecuerce cf amadan,
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Senhuri, minisiry oi Induciry, aheirtoluw

nuain hdu Sireirs, Ueputy fdnister of Industry,
KXhartoun

Abael Ranman Abdel ifalim Obeid, Director oi Indus-
trial itesearch and Consultancy Institute, Kharioum

Rariel Osmen falife, Director of Foresiry Lepsrtuent,
#iartoun

Hemal Fasan sadi, Deputy Director of rorestry Le-
pariment, Juba

Famza ilenuvdi, Ltll izztion Cfficer, Forestry Depari-
nent, hartoum

‘eter wazia fusun, Conservator of torests, Bquatoria

t:"h

3a p;th Lizjvec iillpou, uoqqcrvptor of Icrests, sal:
el-Gliazel

A11 Xapdidu, Acting AssisSant Cons:rvator, Yemoio
Prnilip sdem, Yoreciry epartment, Juka

Velcicino lL.ein uliuvka, roresiry usperimest, Juba

Devid Basesiouni, Lirector, Kegionel iinictry of Agri-
culture, Jube

Deriel Mattl.ews, ircctor, ilegional Liinistry of Commerce,
Industry and Supplies, Juba

Cuor Leng L.areng, Inspector, kegioral Linistry of
Cormerce, Industry snd Supplies, Juba

kichel Hylend, Deputy Resident iieprescntative, UNIDE,
Khartoun,

Figuel 3Bermeo, LlDP, Khartoum

F.istolfi, in charge of the UNDP sub-office in Juba
Peter Dood, Adviser, legionel Ministry of Agriculture,
Juba

Gevard van lierhoeven, Adviser, Agricultursl Training
Centre, Yambio

Xichkor FP,Sheth, Interfreight /Lenya/ itd., Jube
Jelueller, German Aid, Juba

lLlexander Dehie, Chief Civil kngineer, Hegionel [Mi-
nistry of Communications, Trangport and Roads

Chsppel, Road uxpexrt, UILF, Juba

RelLeiills, UFLP, Juba
llenolis Andriotis, mercnent, heridi
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Zorar, Yousoslev Energoproject, Juba

Derrick iaze, Maritime Forwardes, Juba

Xichel Misma, Afforestation Officer, Wau

Anthony 'vikmo, Assistant Deputy Cormissioner, iau

In Egypt

Adel A. Bahgat, General ianager, General Trading and
Chemicals Co,, 1/4 Ramsis Str., Cairo

Stephen J.Szivos, Senior Industriesl Development Field
Advisecr, UKDFP, Cairo

Zdenek Formdnek, Commercial Section of tie Czechoslo-
vak Embessy
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2/4 Plywocd Inpoiis

Imports of plywocd info tiae Svdan ars not neglisiole
neither in quensiiy nor ik value, Yor the last five years !
the officisl roreizn Trade Stetistics give the following
fizures for plywood imporis:

Year Guantity in kg Value ir IS  Unit velue in IS/t
1970 273,1&5 25,4530 93.453
1971 1,668,552 171,485 101,539
1972 1,632,077 191,169 117,132
1973 2,791,189 253,974 90,991
1974 1,118,057 302,075 2704161
Avere;:e 1,500,672 188,847 125,242

per airuu

Lowever, it shoul: le roted thet imporis oF plywood
in 1974 cannot 52 regerdec es noi.el in fi.e zecond hzlf of
that year. iIn the first cix zicatas of 1974 plywood imports
reachied 27,058 kg and ¢ cerresponding velue of L3 219,533,
The considerable drop of inperts in the z:cond half of the
vear wes causad not by leck of dermand but by a teiporary
shortage of foreign exchange and the need to import items
heving higher priority like fuel,

Also the 1970 imports seem to be entirely abnormal
end should therefore be excluded from tihe czlculation of
the average. Besed on the more or less normal years 1971-
=1974 en annual impori of plywood in the range of 1,800 t
would seem to be e fzir average.

The bulk of plywnod imports cemes from China snd Ko~
mariz, only small quantities are supplied by India, Japan,
UK, I'rance, Federal Republic of Germany, Italy, Bulgaria,
Czecnozlovakia and Lthiopic,

The sverage welght of these plywvood imports ic esti-
meted to be 720 kg per m3 /i.e. 4.8 kg per sheet 4 x 6 x 3 um/,
An asversege annuel import of 1,800 t of plywood would therefore
emount to 2,570 m3 per znnum, This would be the rresent
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f . AT Ve v o ot b 4 mT- A A S
<aruzl anozrept concvmotlion of plvuced in the

i
4 . ~ . : 2
X o Xy mne At leest SU % of gll iwmported plrwood has

U

this dinesasion, end Lnig size or plywood ghceet is re-
ferred to, if no cihsr specificatior ig siven expressis
verbis, Exceptionelly also plyvood sncets of other size and
thicknecs are seen in the reriet fceof. sheets 4% 7 ox
sheets of 4 mm thickress/. Tz essertion of a Cudanese pre-
investrert study tuat 60 3 oi plywooé used ir the Sudan is
of the size 4 x €, cannot be subscribed to /12/.

A3 to yuality, most of the inpovied plywood is of class
BB and CC, Plywooé imporied from Ciins is usually of poor
quality; Romenian beech plywood sheets ere much beiter and

20ld g% un to a 30 perxcent hisher orice,
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2/ Ine FPuice of :liwoce”

52 LI iy e B T e e R T T a4 - Ty oy o - Sy H
Thie uroeser® vwoanloneie orice for o shect of nljywood
- ey . . e s - > v 7 -’ - 7 A
I hzrious 1s 40 2400 per siteet/d x 0 x5 orm/ ex varszhouce, R

=3

e Carzonters uhion - ¢ coore_ative cociety witi 1,200 nen—

2

Ters ik :iertoum wico sells clywoed sheets to ite wembers
t tiis orice,

The consumer orice charged by the revall deeler is
at least IS 3,00 ©0 3,20 per sheet of plyweod, but may go
up as high as IS 3.75 per shect,

Ir the South the corsweer price is

o

il nueh higher,
towr at a cost of I3 C.384 per shect the ¢
L5 5.75 per ghees,

A11 plyweod lmporic veeca the Suden via rort Suden,

stl
In Juba where pl;wxood is transportec¢ as air cargo from Knar-
oacurer prices is

1o plywoed ig im orred viz lowbaco-~Jdubdc,

Tac C and ¥ _rice of plywood in Fort Suden is ai
mresent coovt US P 300-2J0 per m3 according tc quclity and
cowntry of cri Zne 4T lie prasent currency conversion rates
thic ravresents ebout LS 100, This -rice cecems to heve re-
nainedé on the wilole gstchle for the last five years, in spite
of chenging worid trends,

To t.is value the following cnarges cre edded:

- customs duly 3u i,

- exchange tax 14,705 |

- surtaex or edditional tax % %

- developuent tex 2 %

- clearence and stemp tax 2,5 % end some other smeller
items /0,715 i/ makins e total of 55 %,

The trancport cost from Port Sudar to Kaartoum by lorry
/the reilwey is rot vs:d/ is ¥t 15 per skeet or IS 30 per
tok,

the importer’s nergin is 15 % ond the wiholesaler and
retail dealer each add 2 mcrgin of 10 %.

C oncequently, the cctual cost cf plywood import cen be
gunmed ﬁp like thig:
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¢ ond * price of »lywocé in Feri Sudan i 1GGe=- /3
P L . N . . - -
Custome Uiy usnpe reletea ulorges 29 oL JDe=
LS 155~ /i3
Lrercport Tort cuden - lLasrtowc Fa P, /M3
]
LS 177.50 /m3
15 ;o iumporver s nnroin NN
10 w vinolesaler = nzrgin 2041
A 224.54 /3
10 ¢ retail dealer’s ercir 28445
Retail ssles price LS 246,99 /m3

or IS 1,65 per cheet,

This shows that tiie actusgl f1ice of I3 3.- to 3.75
per saecet charged to ithie consumer in Knarioum is an -inflsted
price which 1s cbout doutle shot of the officirllv cdmitted
price., In the Sculh the ovorcharged price i3 nearl: thres2
times co high ws thac shown ip vke ebove calculatior, talking
irto account LS 57.60 /zJ air freight,

This exaggercted price for plywood exists in spite the
fact that the prices of sll imporied consumer goods are
nominelly controlled by tie Sudanese Government /Ministry of
Commerce, Fricing Control Leparvmert/. Since price control
is besed essentially on cost, the above price calculation is
infleted by all sorts of cost items incurred by each desler
/iike expenses for transport end storege, bank charges etc,./
and by adding to these the margins which are in fact the gross
profit,

On the other hand, tiie exorbitant price for plywood
is possible becouse the present plywood imports are inasde~
quate and do not meet the country’s dewsnd. All dealers of
plywood agree that the market could ebgorb easily double
the present concunpiion without any seles promotion effort.
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2/C Particle Boerds and Fardboardn

There is a particle board factory in North Khertcum
with en annual production cepacity of 6,000 m3 on & thrse-~
shift basis, but the actusl output is much lower. In 1974
the output was 2,200 m3 on & two-shift baesis, iz raw ma-
terial used is EBucalyptue comaldulencis and EBucalyptus
tereticornis /50 %/, and bagasse /50 %/. ihe cize of sheets
is 4'x 8°x 6 mm, this size eccounts for $6 % of the output,
Only exceptionally are thicker sheets produced /thiey range
from 8 to 25 mm/, The sheets are of poor quality. The mice
of o sheet /4 'x 8'x 6 rm/ ex factory is IS 2,1¢,excise duty
is IS 0,02 per sheet, tiie consumer price in Khartoum is IS
2.56 per sheet, Liost /75 %/ of these particle boards are
used in construction for ceilings etcy only about 25 percent
goes into furniture production.

In order to protect this home-bascd pariicle bLoard
production no imports of particle boards are 2llowed into
the Sudan, The iwport of nardvesris /compressed fibrebozrdcs/
is regtrieted, bul licences for import of herdboard arc
rented irom time to *time to thn Carpenters'Union and to

0g

the 'ay Corporation., The price ¢f a herdboard shaet /4% 6%
X 3.2 mm/ in “ke market of :[niartown is IS 2,40, ilardbosrds
are imported mainly from lLiomeniz, Ko imports of hardboards
/or fibreboards/ sre listed in the Annual TForeign Trade
Statictics for 1974, though et least 500 m3 of hardbosrds
were imported in this yeer by the two egencies mentioned
obove, ilayve, thess limporis are listed vicer plywood Lumnortsg,
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2/D Imports and Production of Sswnwood

About 50,000 m3 of coniferous sawn timber is.imporied
ennually into the Sucen, consiszting of redwood /Yinus .
silvestris/ from Sweden apd thne USSR znd of white wood
/Ficec cxcelsa/ from iustris snd Romsrie in equral pro-
portions. Sudan Building liaterial Company aznd Sudah kailweys
are the sole importers, In 1974 the C and I price in Pori
Suden was US @ 167 per m3 for white wood and US @ 250 per
m3 for redwood, Customs duty and related items totalled
40 %, transport by iruck to Khartoum costed LS 10-11 per m3.
The importer adds & mergin of 15 », the wholesale and
retail dealer each 10 (%, According to this calculation the
retail price should be L3 124 for white wood and IS 162
for redwood,

The actusl consumer price in Khartoum is LS 162 per mn3
for white wood ard LZ 252 per m3 for rediwood, 1is retail
price gseems to be aiso an inflated ore,

Abont two thirds of tle zawn tialer are used in
furniture monnfacture ond ore tiairé In constiruction, of
whicl. about 10,000 13 of sawn timber are for sautterirzs,
There is & marked shortsze of redwood in the nmaricet,

Little is done to meet the country s sewn timber de-
mand from ite own forest resources, There are 14 scwnills
opereting in the Sudan, 9 of which are locsted in the
Southern Region. All sewmills are government owned and ope-
reted by the I'orest Lepsrtment. Their combined output re-
presenting scme 7,000 m3 of sawn timber per ennum consists
almost exclusively of hardwoods, The bulk of +this produce-
tion are railway sleepers,
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3/4 The Foreste and their Utilizstion

et o — T~ —

Forest "znd with imperiant timber roseurces waich

could represernt a zotentizl for plywood production occurs

nly in toe South of Sudan, viz, in Zquatoria cnd Baur-el-
~Zhazal provinces, Mo relinble data exicy ce tc actuvel vo-
lwre of steck :nd ennual yield, aor ze To ioe Jiztribuition
of forests ard their species coipositicn, Lo lTorest inver-
tory is available and no working plans exist for any port

of the forests. There is-with one exception in tle Wau
region - no map wing the distribution of forests, their
density or tree species composition in the two »rovinces,
Informatien corcerning forest resources given by the Suda-
nese Forest Service convers a general picture, out lecks

data ané fipvres as to socggible utilizeiicon of tihe forests,
Records of an.nle plo*s nave he=xn mogtly desire;sc during |
17 yeers of hos*tilities in the Soush, Lndor *hese cornditions,
the beet eveilrble inscvmutior concerainy; forestry ig 1itile
pore than hearsay.

Ziver Puine /13, nuls the eunyoxirsns awon 27 orodrotion

forezsts in thne wondl: 4 scvruns wish hish zainlali /900 %o
1200 rn/ at 154,000 zouare xm —nG uwan e’ inato’ volume of

timber eof 24 rmillior m3 which averages to zhout ¢ w3 per aa,
For the montane vegetation with a reinfall of 5C0 to 20C0O mm
he estimates the area of production forustc as being 6,000
square km and the iisber volume &8s beins 16 million m3 which
repregaents cbout 27 m3 per ha.

Thie Forest Depariment /Bulletin 16/ claocsifies 445,000
squars km as productive for2st 1snd in the Sudan with an
averasze standing volume of jJjusi over 1 m3 pver hs, hccording

to this source the moni.. 2 forocts extend to aboul -,000
square km snd contain about 20 0 of the totel stonding vo-
lure, 1.6, 10 million n3, or £3 m3 pexr ha,

Jdonznnes Jecx /14/ eovimetes bhoy e avarace cnhtal

Id
s

yield of planteticis covla e to 12 03 ver no o dr She hwidd
soavenns end ¢ o TC w3 ner o in o Lue rmertanc roin Toxast,
Leeording o Jede Jackron noue eenllznt Tenort Lo tae

Government c¢f the Sudan on Torest ilanncercnt, thoush written
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In 1U50, 1o g+ill conciderse e e the most reliuble cource

of inicrmetion on “orestry in Tle Joull, tiie esitiwated rno-

sentin) snpuvel yield of sawn viwrver in esouthern Suvdsn is as
follovs:
Iroberlinia acka /Vuha/ 12€,0:0 =3
Daniellc oliveri /Du/ 1,250 m
Znzye :erepnalengis /Dark ilei-oany/ 245C0C 3
cuexa grundifolia /Lignt lleliosony/ £CO m3
Cles hocnstetteri, Fedocarpuve wilaniianus
snd cther gpecies of Montene fcrests 1,000 m:
Otirzry enz:cies fapproxe/ 4,000 m3

Jotal 137,550 m3

“hose firures have been quoiued vy lir,Kemal Csmen ka-
life, Lircctor of the Forestyry Leperiment in Kneo-iouu, at
the time o1 %le teari’s visii as tke ectual poszibilitiy of
ctizizection of Tue For:stse

swvie W ioioer production reocrcd ite all-tine peak in

1ih ar vosrut of 13,600 m3 sevr timber, The nresent
ingtnlled sunrilling capucaty in Eouatoria end Zanr-cli~-Gha-
zgl provinces would allow en anpuel sroducvion of aluost
20,0C0 13 sawn timber on & one-ghift basis, corresponding
to ar intake capacity oi sbout 50,000 m3 of saw logs. Actual
output of sewn timber is gseid to be at present only about
8 gquarier ol the rated cepacity, owing meinly to traunsport
¢ifiiculties, lack of fuel, lack o spare parts, end inef=-
ficiant manegeneri,

The territorisl distribution of the sewvmilling cara=-
city is as follows:

Sawmills in Copacity
m3 sevn (imber
Janr-el-Chgzal

veu 44000
Bisgeliz 1i,0CC
Ponzo Liuer 2,000
Yongo Aweil < 4000
listiang 2,000

Subtotel 4 11,000
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Capecity

o T2 ~ I
L3 cown lizuexr

Sawrills in

Loueilcris

Savive o gl

iilio 1,0Lu

Tuexre € ,0C0 .
Huni <Gt

Loka /%o Le establishe. in 137c/ 2,000

Subtotsal 9,0C0

Bahr-sl-vhozal 11,0600

Zquatoria 9,000

Totel 20,000

Juaging from the saw loge whick Lave been inspacted
during the teem s visit to the South sbout 30 ¢ of peeler
logs sxc at prescnt used “or sawn timber, Scmetimes peeler
*nd veneer lo:;s :re :roccssed even inic reilwey gleepexrs!

Tne absence of pliweod procucticern provenyd the raticpol

0
upilizatlor ol foresi rerovrces,

Jre rryevailing tree sovecies used for cawmilling end re-
presentinzg sbout 8% % of lhe total sawn timber output is
slahoseny /uoth fhaya serecclensis ard Xhaya grandiiolia/e
Only the Nlunpi sawmill which lies ir the Vuba belt processes
alnost exclusively Vuba /Isoberlinia doke/. A more or less
irportant admixture of some cther trece species occur in the
sewmill yerds which may be, according to the rature of the
surrounding forest, Isoberlinia doikka, Chlorophors exczlsa,
Termirelia superba or 1. glaucescens, Afzelia africana,
Daniella oliveri, Yaesopsis eminii, Tectonia grandis,
Cedrela toouns, Cupressus lusitanica ete, Lost tree species
converted into sawpn timber sre suitable c¢lsc for plywood

and/or veneer production,
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Luhoran: /L;aya GTALGLT ey leH - ]
negelensis/ >0 o ot 60

Indersi or Gombell /Cordic .
abysoinica/ 50 6y 50 60

Bu /uasriclle oliveri/ 52 60 5C 60
Otuer sree upecics 40 25 12 5

I'or pieccs lecs theu seven fecet long half of above
rates is cliarged,

hovalty difters escortislly fiow stuapes2 not only in
Lerne of money, bus else us oo econoniic vocl cnd ag Lo pur-
poge. e inturticn oi Lae Forest luw In eunmbllsnng e
royelty i ween vo proevent Jollings outcide o6 Loves
racerves, - n,ally Lo pov besced on the cost oi cilviculture,
but ig intended co & punichment for cutting trees ovtside the
forest roscive, “hisg is vellected rlgo in tle uigh level of
money levied, «hile royelty is & deterzent, ctumps~e is the
equiveloent of silvicultursl cost ond should 2reble normgl
manegenent insids thz forcst reserve,




- 73 -

If the proposed plywood mill will orerate -~ iike ibe
sawnills - in the orsarnizatiorzl {ramework of ihe rorcciry
Department, the guesiion of stumpase will not erise. dut
if it will reprecent a joint veniture of the Liipiciry of

L%

Agriculture ané the iinistry of Tnauvsiry, even rith a chare
of profit going to tre rorestry epariment, it is recesssry
to int:oduce stunvage as ar elemers of cnct inte the calcu-
letion of cost for plywood, Besides that, a stumpage item
would be needed, if the plywood industry were entirely sepa-
rated from the Forestry Depsriment as & private enterprise.
Since up to now no stumpage fee nas beer. fixed srd levied
for the forests of the Suden, sn attempt had to be nade to
determine & practicel value for stumpare in this Teasibility
study.

As 2 basis for the computastion of stumpage the sctuvel
cost of silvicultursl operztions in estcolishing ond neir-
teining 2 plcocntation during the retution period wes taker,
The rotation neriod was put at £U yesrs,

According to records fror “guetorin ord 2ehreel-Ghe-—
zcl provinces “he precont cost of silviculliural orcrailons

is estinceteld ¢z [ c¢lliows:

Ground prarcratior initisl LS 3650 er redcen

" " final > 2450 ner iedian
Iursery stock LS 3,50 per Teddzn
Planting IS 3.3C per feddsn
Weeding IS 4,0C pex fedder
Firelirning I3 3.2 pe; feaden
Totel ) £ aO 00 ner fedden

Overheads are not likely to exceed 40 4 of ine direci
coat, coreequertly the total cout of siivicultvrel oper-
stions emounts to IS5 22 per feadar, or IS £0 per ha,

Piie mean arrucl increent of plertetions /mosily teak/
cornot be lezsg then 1 m3 of loas per feddan, or .5 w3
per lhia. Based on this sefe asumrtion, the averarse str.rage
for lorg would be

-

(o

e = J C,00 en

- EC o ycess

Loty




2o thet the occvrrence of racler leoes iz on .he avers o
f of thet of s52v Llozg,

.
A
Under thaece twe arswapiions the cinmpace for gaw loga

is LS 0430 pur m3 and for nzeler loge L3 0,60 pur 3,
since 1/3 m3 x 0,60 I3 + 2/2 m3 = 0.30C IS = (o430 ZS/13.

The ctumpcge paid for the productior of 1 m> nl:nvood
will be accordingly IS 1.33 per m3 plywood /2.0 m3 lors x
x IS 0,50 /m3 log/.




mastong mountains

m

The forests of *he Imatony ncunieine o7 ~enexnllr

considerad to e the mont rromizirg coviea of Tinbor in
the Sudan, They contist moinl; of mertcone rrid o .~

whicihh should be termed perhsps better a2s "elouc foraci®,
They occur mostly et altitudes between 1700-27C0C 1 /the
highest point being I't. Xenyeti 3167 m/, They contain the
second larcest forest reserve in the Sudan wita 2n area
of 282,270 feddans /115 000 ha/. “Lis area is cciporeu of
hilly broker couniry of verying sloses with a fow she2r
rocl outcrops; there is little flat land,

This apprsisal is concerned only with the Iwesons
{orogt reserve though montore fcresis cen do found else
in thae Lolivai mountzips e o SDoutin, veachint *o the

Ugandr vorder, tihiz Lomeriti mountains in (L2 wcnoy, zrd ire

Aehols mountains in the Jortu Lotte A11 these Lonoces contol

the ~reater revd of tlhe nortar Covert feunpe vitliin e
Suts,

The I..ejong 'orzat resarve 13 couwpenwd cf Bwo ¢
tive kince of Forasty: the moitane forest -veove 1200 n
vhich covers about ]
footnill forest limited to zbout 25 ¢ of +the curigee, About
13 5. of 4he area is estimated to he norn-for-st land. fc-

75 5. of the swea, ard the lower

cordirg to a ciude estimate, in tie montene forest 1C [ of
the forest lend may be lozzed over or clerred “or ghifting
cultivaticr, 2rd auc.aer LU 0 Lay consist of rratestion
foresty ir the Toothiill fewrest, 2U ., ol lorst lr-pnd yoy ve
legzed over o clesvad and aspothzr 2U , cre or saould b2

declered & na ure reserve, Conseauenily, Hus cres of pro-
duciion torests ic calculsted az followe:

Imstong Torvect Recerve, total ar 115,000 nn
Teer 13 % of non=forest larnd - 15,700 he

Z'FOI"..!C-'"; 1":“‘?.L 10 "»“(‘, b




T oxre lond lGQ,C’QO na
.,x/ LviitEle 16GTe3 7:‘ v 75,C‘ \0 ha
LU over v cleared LU TeHlU as
rrosociisn ior e 10 To5uld L 1%5,°C0 ha
L
Convapre production sorest 6U,C0C ha
I/ Joenndll Zorest 25 X 25,00C ha
Lermea over or cleared 20 w0 5,C(0 ha
Reture reserves 20 5,000 ha 10,000 ha
Foothill production 1012z 15,0¢L La
Yotszi production foroest 75,00C ha
Znrual fellirngs zrea fur 30 jears 24500 ha
There are t orest rancers ir the Imetong Lorest |
Jegerve, woncegiertliy ile carueld felliny ar=a ior a forest [

~

ronser wentld srount con the averaze to 31247 nhe which is

fenginle, The totel gpruel fellil ares ir lae L.ouavane
forsst would we 2,000 ko ord in the Teotuill forsst 500 ha.

As Tar 2 con ue jud ted frow the shert vigit to the
montere forest, tnere occur stout 25 big trees per ha with
en gvers €& volume of 3 pexr trce, totalling 25 m3 per
he., This would e consistent vith the Drecser report /15/
which indicates e volume of 15 to 50 w3 of saw logs per ha

rom tiaz natural forest,.

The main tree species occurring in the montane forest
ore Olez hochstetteri cnd FPodocarpus milanjiznus which may
represent 75 % of the total felling volume, Besides them
a nunber of other hardwoods occur such es Syzigium guineense,
Pygeum eiricenum, Ocotee viridis, lagsra macrophylla,
Polyacias fulvs, etce Lt io estivcted thet at least 80 %
ol the volwme is represenied by tree srecies suiteble for
plyweod piroduction.

The stem quality of the trees is, unfortunately,
riostly not favoreblz for plywood produvction., The sample
seen ol iour welke into the for:st would not yield even
10 % of peeler logs, But this field inspection may not




have conv-=yed ¢ trve riciure of the untoucned netuvel
Toregv ol frow vrot

stafi -rd wead in vericug reports cbout ne Iumatornr o
1t nay be expect e wunt op oouiturn of 20 i pecier lous
wovld S¢ 4 gefe sunumuiion,

Celcequansliy, i(he celeuleted volume of peeler logs
iz put at /0.,8C = 0,20 =/ 156 % of the totil volume, i.ce
at /25 113 per ha x C,16 =/ 4 3 per ua. Tais weuld amount
ior ijiie annual (21ling arca of 7,0C0 ha to £,00C ny of
peeler logus per acnum iren tlie montane forest,

In the fooiiiill toreet haya grendifolia iao tiue pre-
vailiryg tree gpecie:z representing sbout two thirds of the
stancing volume, The other species are Chlorophora excelsa,
ntandopuregna sngolerse, iicasopsis eminii, Chrysophyllum
elbiduwn, Celtis zernicri, Cola cordifolie etc,

¥

Jelle Jackeor puts the ofonding volume in vhe Tulanga

Texest vnliach is reri of e Teotnill forests crna widceh
weg 2180 viclvel v ftoe Tcam ot 13,5 23 por s ovl of widch

-t

LEOLOLLLY Tepresents L L3 der nha, wut e zdic lihev an

V

increess of yield could be ellowed if = wider ran: e ol tree
gpecice could be utilized /1/.

il our opirnion it ic seie to assumes . atendins volume
of at least 1L m2 per ha as an sversge for the footihill
forust. About three quartzrs of the tree s ecies may be
suitable for plywood preduction end most of the trees being
of outstending snape er outturn of two thirds in peeler
logs could be expected, Accordingly, tihc cuentity of peeler
logs is put et /18 m3 x 3/4 x 2/3 =/ 9 m3 per ha on the
averege which gives for the 500 ha of the annual felling
erea a totsl of 4,500 m3 of peeler logs,

‘'he Imatong Forost Reserve could thus yield ennuelly:
8,00C m3 of peeler logs
4,500 m3 of peeler loge

from tlie montene forest
from the foothill forest

'
|
|
b

Total 12,500 m3 of peeler logs
or 5 m3 of peeler logs per ha,
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If «11 the saw logc could be prccessed as well,
fellings could produce
saw logs peeler lopgs ‘totel

Toom the montane torest 40,000 w3 2,000 md 5C,0C0 m3
Irom the Toothlll tforest 4,500 m3 4,500 13 9,CCO m3

from the whole reserve 46,500 m3 12,5005 w3 59,000 m3
in proportion 79 % 21 1060 %

But the sawnilling capecity coxnsisis at present only
of two small sevmills in Katire end Gilo wiih an intske
capacity of about 6,000 m3 per annum, According to the
Imetong Forestry Projcct dirawr up by the IBRD in July 1973
as the iirst part of an integrated development progrcmme
a new sawmill et Itibol should be constructed with an annusl
roundwood input of 9,00C m3. Tegether with: the existing
gavmill in Xative this would allor tiie processing of some
13,000 23 of eaw losgs per annum,

Tor the tim2 velips rellin.s shceulcd be limited {0 a
sclection of trees containing peeler loss in the rangze of
ct least 1&,000 m3 roundwood per anpuu 3iice it is egstimeted
thet even selective fellings of peelerr 1o g would produce
about 30 % of saw logs:

Total fellings 18,000 m3 100 &
Peeler loyus 1,600 w3 70 %
Saw logs 5,400 13 30 %

Yelling of trees is done in tie Imetongs - as indeed
everyvhere in the South - by hand. There are power saws
kept in the store, but they are not used for lack of
know=-how,

The cosgt involved in logging overations 18 estimated
ey follows.

Trhe daily vages of forest workers are 30 Pt, the average
ovtput in felling and crosscutting in the Imztongs is 0.4 m3
per men~day, The unit cogt is therefore 75 It per m3,

The Imetong Forest [eserve has the spproximate shepe
of a square of 33 = 33 km, Katire lies in the middle of the




northern edze of *hls sqguare, Meximum $transpartsticn distance
from the forest %o Katire would ve around 4C km, the average
distance wourl.a nol exceed 30 kni.

'he density of the rond network whould be rlanred so
ac to keep the Utotcl sunm of skidding coct ondé rosd construc-
tion coat at its minimun, For gkiddins ¢ cravlexr tractor,
preferably a 06 Caterpiller witn logzine erch should be used,
Since the country is hilly and skidding cost relatively high,
the skiddirg dJistunce should not exceed 6C0 m ard be tept at
300 m as sn sverayge, This would require about © m of hauling
roagds ger he.

The soil in the Imatong mountains ig mostly deep clay
loam, but plenty of vock cen be found., Koad construction
cost is estimaoted at IS 1200 per km, This would amount
to IS 9.60 per he or I3 l.9%z per m2, of reeler log. Road
maintensnce is ipcluded in this sum,

Skiddins cost would awmount To IS 2,5C per nl, and hsul-

ing cost, accordins to current racr of confvoctiors, to Pt

v oy P - . I Ly 4

18 per mI, Ln¢ iy o I D.A0 rex ol ouoer ths overe € Leullng

ietance,

‘ -

¢ sew loss Lhe Lauvlirg cost vould e Lo LaEnEe as J0T
pealor lo ne %t if no lywood precucticn vouvld Lo startod,
tie hauling distorece for sow los woold ve only aoovd 15 'm
instezd of 30 m, sc the heulir: cosgt wovld e reduced by
IS 2,70 per m3, OJinze for cach mi of snw lows /20 00/ 2,33
m3 of peeler logz /70 [/ occur, the difference ‘n hculing
cost should be charpgesl aouipst this quent ity of peeler loos
consenuently /2.7C ¢ .57 =/ L& 1,16 per m2 of pceler loa.

The t0%t:l cesi of one m3 ol peeler los at the Tactory
vara ir Ketive wwould, acecordinly, cersist of

gtwapcoe {or pecler logs S 0e 50 /1l
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This cost may be regarded as a favourcble one from
the financizl viewpoint, tut from the silivicultural view-
point the situction i= less setisfactory. The mein drawback
is that the ssw log volune remeins for the greatest paxrt
unutilized in the Torest, consequently ithe exploitation of
the forest cannot bc followed by subsequent conversion of
the natuvrel forest into plantations. It should be noted
that there are coniferous plentations /Cupressus lusitanica
and some pine species/ in the Imatongs which do extremely
well, and large-~scale planting of fast-growing coniferous
gpecies gt short rotations should be the zim of forestry
operations in the Imetongs.

The IBRD Imetong Torestry Project referred to above
envisages the annual establishmeint of 350 ha of plantations
around Gilo, If this sfforestzvion prograrme could bhe
carried out in esach of the & Torest danger Districts of the
Imatong Forect Resz2rve, £ll the zrea logged over could be
currently corverted to coltwood plentaiions.

This wovld, of ccurece, reauire a very large increage
of the existine sovnilling capacity. Since the Hatire
cermill could process cven in ite present ciste without
sny reconstruction all incoming saw logc from tne foothill
forest, it would be necessary to install et 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 roundwood, Such an increase of the sawmilling
capacity would allow, torether with large-scale charcoal
production, and perhaps even with & 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 worthwaile
to examine such an ontimvm solution in ithe light of forest
inventory resulte from the Imatong Forcst Reacive,

Loka =~ Tluni aree

This asrea lies on thec eestern edge of the lnng Vuba
belt which extends from here to the north west as fer ss
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Aweil and Raga for some 800 km, The prevailing tree species
are Isoberlinia doks /Vuba/, Afzelia siricana /Iasi/ and
Daniella oliveri /3u/ occuring as an admixture.

The only sawmill in this region is in Nuni, with an
annuzl intake capacity of about 2,500 i3 roundwcod. Two
other savmills with & similzr totel capacity shell be in~
gtalled in the Loka area in 1975 fircnced from Germnn
bilaterel eid.

Plywood production in this region coulé he based
only on Vube gs the mein tree species., Tow, while Vuba as
a tree gpecies in itself is suitable for plywood production,
the particuler size erd quelity of Vuba timber in this re-
gion seems to be of little value for this purpose. 3oth
the log yard at Nuni sawmill arcd¢ the surrounding forest have
been inspected aré the impression was gsired that it would
be hardly feasible to supply the necessary raw mcterisl
under existing corncitions. The averege voluue of a log of
Vuba is estimated to e only 0.3 m3 and not morc than 10 %
of the loges in the commill yerd could be used Ifor peeliics,

L£1lae trom what hes been seen in tle rorecsi ithe conclugion
wes drawn thet the inspected stands could rot provide peeler
losrs in suificient quantity to warrant the establishmenti of
e plywood 1ill ir thic area,

Congscquently the idea to chooge tinils region as a pe-
tentiel eite for 2 plywood mill wes abandoned,

This does not meun, of sourse, that o plyweecd mill
could not be instelled in the Vuba belt in come other

place where Vuba stands are scid to be ol exceedingly joo0d

)
pize and quality., But no such plece hes actually been seen
by the expert.

e

Little is kroen asopoub the foresbs znd timbser recouvrces

o7 the MNzsra=Yamhilo ra-ior, thovefore not nuch cor--be oid
coout trem, It sezrs in be cerfpirs tist Shere fre tuo indsg
of icrest ir thin r-oiop: the zallory avext ard U ¢ savonro
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e surface of 4,000 square kv, lizrwimum transportaziinon disiznce
could reach 60 km, but the average distance is not likely to
exceed 4C in /see map/.

ITZ IK NLiRA

1: 1,603,000

oncecuently, “he in. I ¢roo o the wlyweod rill vwould
coni rige 2 rectongle oi /3C + IC/ x /50 <+ 5L/ i, renresenting
g suricce o 2,000 soueve oo, wovinurn trencoorionion Gintonce
could reach 6C ki, ~ut the gverars disucnce is net iikely o
exzceed AC m,

Tne forest cover of this gres is estimcted by the
respongible forz2st cuthorities at 50 to 70 {.s To be on the
aafe gide, let ug assume a 50 » forest cover vhich correnponds
to a forest surfece of 200,000 La, Of ti:is about £ % or
10,000 he are gallery forests ead 95 % or 190,000 ha savanns
foresta, Ligiriouted over 30 yesrs, lie annual fellingz crec
ig 5,665 ha,

The averarsa width of a gellery forest ia {rom £0 to 100
m, This would inmply & total iensih oi 1,333 km of welier
courscs and a lintonce of ebout 3 «iz between thom, wiich would
be consistert with the coniigurction of lerd, e nrin apecles

of the rmallex;: forvest im wo~hcrery /ihaye srendilclis/ wiilch

oo
=4

NPT - ; N PO 2N BRI PR . o~ PO .
athoing very bDig wlisc, he avers o velwie o7 & venorauy
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tree covld well be 3 r3 and most of it could be used for
peeling ard even ior veneer., In susll punbers also other

-

big-sized tres species oceur, neinly Chlorophora excelss
anGd Albizzie cysia. Stociking is denze, about 10 big trees

bl

grow ner he with 2 utiliscble peeler 1o volure of about

r

15 m3 per he. Tais would renprecont for the totol eren of
geallery forests some 150,00C m3 of seeler lozs, mosily ma=-
hogany, which distribnted ower 30 years would amount to
5,000 m3 of peelesr loge per annunm,

The savanna forest ic composed meinly of Chlororhora
and Terminelia, Chlorophora excelssa grows usuelly in
clusters of 5 to 10 irees at distances of 10 to 2C m, then
enother cluster occurs several hundred meters farther off,
The trces are very itall and of exceedingly good shape, One
tree may occur on the averzge per 2 he with a peeler log
of 1,6 2 per tree, or 0.9 n3 per ha.

The other mein speciec is Terninasliz /T.glavcescena
and T, superba/ which is of mucl: amrller gize =nc less good
snzpe, Ch the 2ve.nge, thres iraez moy occur per ha, each
of a log volume of 0,5 m3 per trec ond 20 S peeler cuality.
This would emount to Te5 13 97 neelar Io.a ner o,

Censecucntly, itie savarne 1orest conid yield:

Chlorophors 0,9C m3 of peeler loges per na
Texminalie C.30 m3 of peeler logs per he
Total 1.20 m3 of peeler logs per ha

Thne total amount of veeler losgs vould be, therefore:
/190,000 ha x 1,2C m3 pexr ha =/22€,00C m3 which distributed
over 30 yesrs would amcunt tc¢ 7,000 23 of peeler lors por
annurni,

The snnual sivpply of penler logs for the plywood miil
would econciat of:

tinter from zollery Torocsgin 5,000 m3 of peeler logs
per anrum

timber from saverna foresis To500 m3 of ;~eler logs
LC orpvm
Totcl cuonply 1024000 ml of reelor 1073

peEY Muliln
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Trees ielied for pecier logs would coriain, ol course,
also a certezin enount of saw logs, It mey be asswued inat
or. the =vercze trees aselected for peeling would coniair 30 %
of saw logs. Consequently, totel fellings Zor both the ply-
wood mill anc the sawmill ip Izgra ghiould %e in the order
of 18,C00 13 of logs per annwn whiich rculd result ins

70 % of pesler lcgs 12,5600 m3 cer anrum
3C % of saw Jozs 5,400 3 per anaun
160 5 12,0C0 m3 per annum

Thus, Tellings ior the plywoed mill would supply, at
the gawme time, slso the saw logs for the sewmill,

¥elling is done in tae Kaara region - like elsewhere
in Squatorias - by workers paid e deily wage of rt 30,
Averare daily ouiput is C,5 m3 per man, Concequently, cost
of felliry emovits to Ft 00 per mi, Uhis wculd include also

ol
Al e

s s

croggcuit

Toxr the extraciion of los,s o liwe rozuiside & b Ceter-

pillar c.ould bLe useé ior a meximum distance of 1 ki, on

the sversse 1or a distance of 500 m, “his would roguire
density of 5 m ner hu, Under .hese conditionec,

skidding cost would amount to about IS 2 per w3 /cost of

tractor IS 4 per hour, skidding output 2 m3 per hour/.

The ground im this region is very suitable for road
construction, the earth cover is shallow, consizting of
coarse sand with excellent drainzge znd besed on iron-stone,
Slopes are gentle, hoad construction cost would amount to
IS 800 per km, or IS 4 per ha, Thigs entire cost should be
cherged againct peeler loss, cince the collection of saw
logs would not require such an extensive road network. The
quantity of peeler loss being on the avercge 1,89 m3 per
Ha /l.2e 12,600 w3 3 6,666 ha/, road congiruction cost would
be IS 2.12 per r:3 of peeler log,

lisuline iz done vsuslly be contractoirs, The current
rate is 18 Pt per nJ end kn, which anountc ior sn everage
heuling distance of 40 km to IS 7,20 per m3 of peeler logs.
This includes slso loeding end unlozling and gtecicing 4n
tne 1actory yaxd.
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difierence would cuount Celu 1 Le3) rzr ol
of peeler log,.
The tctal cost involvel in cupplyinz peeler lc.s irn tie
lizere arca is estimniad accordincly as Jollows:
in Lo oTer .
tumpase for p=eler lo s Det
fellinr and crresgcutting 2.00

gkidding, 50C r, IS & ;~r lour, 3 o R
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acceptable result, Dt LH smould L hexre in nird oand
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the exploitatiorn o tie re.vral ice of ig uncat’ ~freior,
girce orl: tle ecream of tinber recouwces ie uiilized and

silvicultvirsl Zmrravement in sonieved, Thio nilvation
couli be remedied by A rubnzieptieoi incroone of the
sevrillin: corecity ot I'care whicl wollld allow, £t Jeagt
pertirliy, the Jull viilizedion of evlisiin; Bl ser resc rces,
both Tor ninwend apd csonvond  roftvotlon, and (o ctogeevort
corvoerginn ol Lre recvocl lorontoan oo oolnsotn lonng, @,
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Wau - hage area

The forect area between .inu and Lsga sras photograpned

2

and evaluated by the irventory Tection of iine rorestry
Departient ir 1M3e. £8 = Tesul? o mep is avsilable showing
the Vuoa Telt end -avarpe ricu in larse-crowrned itress,
in tae ?Uua Gelt there vwaore 20.Y trees por o vith
& voluiie of £.,606 n3 per hz, corresponding to an averas
43

»

U

tree volurme of 2,43 m3 vwhich would seem to ve of suificient
size for containinv peeler lorngs cf a diameter of zround 35 cm,
In the savanna tnere were on s suriace of 320 square xm
24,000 mahogeny trees with s volumo of 4C,000 n3, or 1,57
m3/tree
14,0CC Afzelie trees with ¢ volume of 5{,00C m3, or 2.C1
n3/treec
3,000 Leniella trees wisn ¢ velwse of 5,000 wld, or 2.CC
mi/tree
Cais esnouprto o ar coerarne gtocukins oI .4 13 rer na,
An aeriul v2corr-isscnce which ha? Reon underisisn
witk 2 svrvey vlarc ravealea@ that there vere more than
trec vlnes go nuclh Viba end mekosany, Arzelis alicsre
ard varielle oiivoeri in tho creas counth of Deln Zubeiv

erd e.gt of the srea irvestigated. These ara2as have been

]

photograr.aed at the end of Jesnuaxry 1953, The statement wes
made then by u.u.a.uassoums, Foresct Inventory Cilicer,

However Gacsouna & report was questioned by a committee
which visitcd ihe ares in Decomber 1263, rcporiings: VIt
cennot by assumed /indced our visit showed the centrary/
that sufficient merchanizcble tirber can be fourid where the
rh.otogs reveal "dense" Iorost"

1

Yot mueh mcre ig knowr aboul this forest since that

v

time, Bub it is¢ o fzet vt iere ave 5 ssrvmilles esteblished
in the srea to tie norih and west of "au with ar imarortani
sawvmilling capncity, an haco veen alresdy indicnted, In the
opirion of +he Conservatox of lorests in Vzu,y i'r, oaineih,
the g nly of 1o, & Tor all these sawmilla is well esinblinned
for the cvture, and could ve even ilncreased, tiongh 15 may
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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 s bridge scross the Bousseri
river, replacing the ferry operating there now, in order to
start timber exploitation also to the south of the river.
I1ith regard to this situation, the best solution for
starting plywood production in Bshr-el-Ghazzal province
seems to be to incresse savmilling to the full capacity
of the existing sevmills in Wau, Besselia, Pcnago Nuer,
Pongo Aweil snd 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 timbexr, The plywood mill whould be situated in
this case in the centre of the aree for the delivery of
peeler logs which lies prectically in Vau.itself,
Consequently, the timber supply for the plywood mill
could be vest provided in this mannerxr:
Thousands of cubic neters

Cavmill Totzl fellings Peeler logs Caw logs Distance in
100 % 30 % 70 %  kr from ‘Jau

‘.’Vau 14 '3 4,3 10’0 -

Besselisa 3,6 1,1 245 35

Pongo Nuer 7,9 244 5,5 &5

Pongo Aweil 7,8 2,3 595 90

Matiang 7,8 2,3 545 150

Total 41,4 12,4 29,0

Accordingly, fellings in the range of 41,40C m3 per
annum could provide 29,000 m3 of saw lozg for the existing
five gsawmills end, at ihe sawme time, arcund 12,400 m3 of
peeler lozs for the plywood mill,

The trancportation of poeler logs to tiie site of the
plywood mill in /au would be done from the scvmills in
Desselia and Pongo luer by lorries or ithe iL.aza road, and
from the savmills Ponge Aweil /which is only € im from
fundit rellway staiion/ znd iatiang /which iz next to the
railwey station in Aweil/ by trein, The coct of trznsportation
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would be:
15

Vg n \' me D e ‘rit cos’
To “au from olu Distanc Urit ¢ per enmui

3eceselia 1,i0C o 3% in L T.H Jul/sar el
Porze fuer 2,40C m3 (5 km 16 TeH /m3/um 15,070
Porro Aweil 2,500 2 o oke ot VSR

o0 km IS 1457 /m3 F,en1

liatizng 2,300 m3 150 D 167 /i3 ¢ 9501
viau 4,300 13

4

Loading and - s -y
unloading 12’AOO m3 rt 25 ./Th,l 3’100

30,580
or IS 24,47 prr 3 of peeler log.

It ie estimated tlist fellirpgs in *the orier of 41,40C m3
of logs per apnum could be rade for &t least 15 years along
a 60 km wide ctrip stretohins 18C km tc “he rorin of .au
alons the road end railier Lo 5weil, e 115 oo no tThe west
of “au elcng the rond to hoge, L.eo 3C km seding laticng
end toro liuer,

Thiege two strirs cover an area ol 17,u7 0 squors kn
Jie€e OC x 172 4 52 0 115/ of wikich ot lerci or- thira
should pe covered by 1ovect reire 31.f,ir*f;; cpprorimninly
6CC,CC0 ha of untouched forast laz
that there ic on the eversge at least che big tree of

Fad

ic further estinsied

mehosery, Afzelia or Laniells with & breast height girth

of 45 or more inches /35 cm diameter or more/ ard con averzge
log volime of 1,% m3 per ? feddans which emounis to 2 m3

log volume per ha, The jotel stocikins on the two strips
wouldé equal eccordingly 1,200,000 m3 of logs. If this supply
gshould last 30 years the annual fellirgs would he 40,000 m3
of lors, out of which gome 12,000 w2 would renrescnt peeler
lo~a, Jhe sueply ol rav neierial ior pli-oed procuciion in
veu rey be conridered ceie onn tnio beric,

The rmeximm digrtence ¢f loo trarcport frow tle twoe
mentioned ctrira to thie Live sewnill sites worle rractically
rot exeeed S50 km and the evara; » dictore weiv Lo Lo eround
30 km /see map/.




SITE IR AU
1 s 1,600,000

The ground on 3ll this territory is either liesvel or
very moderstely unculated, with very shesllowv and permeable
sendy soil and the underlying ironctone platve which proérudes
ofter to the curface znd mekee an excellent nnrdi surfeace
for transportation,

In order to xeep gkidding cost et & reasoncsble level,
maximun skidding distance gcnould not erxceed 1 um and sverage
ekidiing dietence should be sround 50C m, this wovld enable
keepin;, skiddin; cost at avout IS 0,75 per n3 on the average,
when vsins e 5 h,pe vheel trector and logging arch, but
would require o density of heuling voads of ahbout © m per na,

Sinecs annuzl f2llings snmount o 40,0 C m3 of lowc on on
area of 20,000 ha, er annual rozd constrtvetion rposramme of
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1CC km hovlirs roadis chould Le tac
stiucsion can be estimated at IO

2 13 of loze felled per na whis asmounts Lo IO

M, 3 L) - Y. - - : o % e b
2ile in Brhr-el-Ghozgl orovines Ircient

~

par w2 ond !me 1ov Shie avernge heulin: di

+_
30 m tie heuling cogt is estios e
sum ineclades loading, unloa

thz fectory veord

at IS8 5,40

o
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R T E o e T o
01,15 onua ovansitis 01

slec, “hie coct of rosd con-
450 Jkm or LS

2 /hae with
1.,C8 ner 3,

Tzne bcvlip: of lozg is cor= uoukllg be contrectors, tlie
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e 2 rrice of
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‘ence ox

nar mle ‘hig

Telline and crosccvtting of trees io done in Bahr-ecl-

Ghzczel provicre on & piece work basis, Thz [Torcst workers

ars pric LS 0,015 ner cubic fecot which i
rer ml.

equal to Pt 53

The fincl cost of peeler logs =t the rill yard is the~

reiore corivoged of the followin: itens

gtunmipase icr paele
felliﬂy ono crogscuttiag

gkiading, S0 1, JO lel0 -ey rour,
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e
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per kw Lo 00

delivery from eawmille o lywood nill

ir Jov ol

Totel cos!t of peeler 1o7 ot Jochiory L 1<,
Yara

Trnin oy be regarded ng o very govisfec
the econonilc viewpoirt, colsed uy the intasral
plywood plert with existins sawmiliing capreld
ig 81111 more importart fres tie vicwsolrs ol
‘e the bristi ouitlooin o lonergiar ing: wiilise
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reach this region, Bul discussions with forestiry staff
originating in this region revealed the existence of
important timber resources both of the callery ené savanna
type with mnlogany, ffzelic, Danielles, Isoberliniz zrd
Terminaliu os the prevailinz trez srecies, The size of
these trecs ceems to be by no means inferior to the trees
around Jau and the density of the forest incresses, and
tree growth improves, in tiie direction to the border, The
surface of forest land involved may ve in the range of
5,000 square km or more, with very little or no populztion
at &11,

4t present, this region is untouched by any developnent,
and it would De very difficult to establish an industricl
plart here for lack of infrastructure. The rozd from Jau
via Kuru ané¢ veim Zubeir to Rage is notorious for its deso-
late state ard should be entirely reconstructed, This could
involve expenses in the range of up to one million pounds
/or asbout LS 5,000 per im/, but no yreojects for any road
improverent are plerned or even centemrlited at proagent.

lowever, -ihils situsition may chanre in 1% vesrs time
snd orce o gco¢ road, suitable for neavy trafflc, is built
netween Jau erd Nege ez en infractryuciire developmert,
access to the wnole re;ion will be ~ained and timber
extraction could be started with corresponding installation
of sewmills end also of a plywood inductry.

But at present conditions for tihie establishment of a
plywood mill exist only in and arownd .‘au, A great adventizge
of /au ims the railway connectior with [hiertouwm ard the entire
Forth of the country. The onl; imyrovement of the exicting
infrastriciure which iz vrgerntly needed ig the construction
of » bridee scross the Buaseri river. Thnis could involve
a cost of chot IC 750,000 and sutould b2 accompliched as part
of the rord “nprovement from Jubs vig parilal-yombio-Tnmbura
to Teu, whiz) is under concideratiorn,
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3/D Torest Inventory Necomumendations

The title of the piroject should be Forest Inventory
with Logeing Plar, The project should cover an estimated .
surface of 400,000 ha of forest land in Tahr-el=Gheuel
srovince cround .'agu, Besselis, longo Ier, Toncro.Awell ond
iiatlang, and prepare ¢ loggins plen for 10 years, Besides
thet, assistance should be giver in the testing of inter-
esting tree species as to their suitebility for the oro-
duction of plywood and sliced venecer, “he gstaff of the
project should consist of

Assignaent
Project Area Khartoum

1 Project ilanager end |

borest .anaraiient Expert 12 months 5 menths
1 Inventory Officer 12 months 3 months
3 Tield Inventory  ecci: 12 months

Assistent Officers 36 mortas 3 ronths
1 {onguliant for Thetosrermmebry 6 roniis 1 month

for road retwork

~,

1 Coneultan
L

t
arc loggine 1 rertha 2 monthe

Tot al 70 months 14 months

Sudanese staff provided by Sudarese Governnent should
include et leest 7 counterperts, 4 forest ransers, 4 forest
guards, 12 drivers and assistart drivers, 32 unckilled
labourers.

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

fquirment roquired: 1 survey plone for 30 days, 4 landro=-
vers end 2 lijht lorries, radio trensmission ani receiving
equipmant, comping equipnert, calculetors and typewriters.

setinated total cost: U3 2 450,000,

iinnncine could be fyom bileterel or multileteicl cources,
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/I Sultcuility ~f Tree Enzcies for Veneer and fl-oo0d
aceoriin Lo
Tag Zldin Husoair Iosrour STyiccy Tilvers Sl
Totornicel specing soud !
cuitsole: - - e
Acreic eleverrir guitatla
AYbizzis eylmeri /Zercivn/ "
Albizziz latbveck "
Albizzia zypic /Albizia sonzul/ "
Boswellis popvrifers /Nerel/ "
Ceibz penterdrn "
Chlorophnorc ecrcelsa "
Cordis cirvicrra /indersb/ "
Cupressug lunitorics "
Deniella oliv-ri /iu/ v
Zrrealroatus cousLi v lennis
Sucalyoetvs tersiiomir Le
Tsoberlinin loka /T un fooGnTon
Sheve ororncliolia Sooonory leply wimo e
Khaya snoemalacis Jonooa~on & L '
Litrogyne stipulors /litrrcyne/ "
Olee hochstetteri /hayivn/ "
Podocarpus milanjienus /Fodo/ "
Pceudocedrels kotschyi /vuruba/ "
Sclerocarya oivrres /Homoil/ I
Syezyoivm gulinesnne /lvji/ "
Testons grarcls /Teak/ i
Termiralia ser. /lermt/ "
Terminalia surorhe "
Could bim unui:
g heaclis alvic:s /linrerny rot G Led
Hfzelin rivicrng JTady anitacic
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wood could be usel for decorztive purpcses and zlso Tor the

precuciion oi ;lyweed, nrovided, of course, tuai fariier in-
,.

vegtimacions cornfirm the »eiiiwinsry rezults,.
Sampls Yo > /Vuha/ presented ro «iiTicultiss irn peeling,
The vinecys vere [rez Jryom cuiitint cueciss, (ae Texivre of the
venoers ilo ver: oiiraciive, the orly ‘nndicap iz the rough
structure of e surfoca ¢dve wo thio deun porazs, Sore Gifii-

culties wouldé arire in the irghipz and sluirg opersiiong,
T Jt

.

eep ~luve neretrotion ond e hilzsh cepsuiotlen o rasing and
< - — -

.
e

llers is to be expec:ed,

Semple i'o 4 /Boswrellia/ eaused ro trouvles in cutving.
Thie wood ig wvery lichii, corable of gbsorbdincs a larse amount
ing in a very siort tise, It 1g obdvious bz
this woed ic rot wresictoens o fun~zli attack., Liter socking in
water the 1lisht srev turns blacy wai~sin is an irdication of
mould attsci, “he uould or thne smell specinens could rot
he iZentified an’ (.ors a8 no porsibiiity to investirale

$ic proLliem Iwvtler,

i B C e - PO S - - . <P g e - - . o~ v
e Yo oerishnrce Yo covid atten s Yoeg rot necesope
* - - - -~y - [ AN [l % N .Y - p Fal
rily moan thet e raecshterl rnocreriien ol the wnod ore of-

Toniad, Appereallis Lan velnrers cound b ocluvanta Foc DO pro-

3
p)
'J
3
3
Al
N

ot
be]
s
3
W
bl

Gretior ¢ Dliwoel er
nlias zné ~nreg, .le veneerg 2r2 sSmooin enough an. quite free

{ron cutiving checks., There ic 1itii2 hogze thot shere voneers
c e

vged for <zcorative purponeg,

Verser Lrylng

ck
o]

\_ﬁ
\1)

After cut ir-, the veneers were gos'ed 1 &I w3

by
vaise tie moi-ture content as ki it as nor
The opecimens filled with waver creat~sd the wcetl unisvor-

avle conditions for rryin~, “he dryins Loc': olhcc in 2 leosnra-

S I U, DU R . « O~
tory aiveimnact corvzyor Gryer % nie tempereiure o1 1407C
eni oat an i veilrcolts el a7 amrla 1o 1 wag roh eube
itted e T"he Dicdr, ureoses a0 B lack oi cufiicuent

antarial,

the resulitg oo snown in toe Tollowis g bonles




Sanple T‘eisture cortert ¢

Fo:Botanicel Thickness Original Efter 2 min, Alter 4 min,

lame of drying of dryirg
2 Cloriia Cel 164 640 N3 '
3 Vuba el Sl ia2 0.1
4 Zoswellia C.82 172 447 0,2
5 Khaya 1,5 Té e 0.7

The tsble shows that the specimens were dried up to the
moisture conternt less tian 7 % in less than 2 miputes without
any damage by severe splits, Thy only exeption was sample To
1, vhere some splite occurrsd, Those orzlifte could be elini-
nated by prorer Lydrothermel prepsrsliion and by improved
cuttings condivions,

Tiie specimens soaked in weter were discolored %o & certeln

extent so ihat ther Ioct iie neitural, origiral cclor, I{ is
hooed that this dizcoloration ney be avoided nrovided the

presoaking oi ihe veneerg hod rot tewer plece in the procesc
before dryirs,.

Gepnerzcl Conclrcionn

The erourt of experimental materisl which was avallsble
for the tests was iLco srell 4o #:low delinitive conclusions,
i‘evertheless, eccordirs to the results of the prelinirary,
improvised laborstory tests, there are ro irdications thet
the specics corcerned were ot suitrile fox ibe narufaciure
of veneers, The wvesulis sre in po way discours;ing in sany
respect and thoere are opiindstic indicziions that further
reseorck on ¢ more =~dequate scecle would solve the various

utilization problems for the species undexr review,.

@)




3/G Aerial Survay Recommendsztions

The aerial survey should comprise about 17,000 square
km of land on hoth sides along the road from au to Awell
and 30 km beuhind Aweil, znd clong the road frorm au to
Porzo luer zné 30 km belind Ponzo imer, The width of the
strip photograrhec should be 6C kne

he scale of the photo;raphs taken shoulé be 1:30,000,

this would enable the drawing of meps in the scale of
1:25,000, Longitudinel overlapring should be 60 %, trans-
versel overlapping 30 %,

The size of the puotogrsphs taker should be 1€ x 18 er,
or 23 x 23 cm, For the 1& x 12 cm size a camera with a 200 mm
focal length, for the 23 x 23 cm size z cemera with & 150 mm
focsl distance shiould he used,

In order to fecilitate identificetion of tree species
from serizl photogrephs spectro-zonal pnotogrephic meterisl
ghould be used, if availeble, “lsc bleck end white piinto-

9
£Tapins wWoLih L0, 0D
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4/A Distences and Freight Rates

Distances involved are

a/ by road ,
Katire -~ Juba 180 km
Nzara - Juba 522 km
Nzara - iiau 477 km
Juba - Wau €46 km
Juba - Mombasa 1,638 km

These distances are quoted from Michelin’s map of
North-East - Africa, B2 154, it being borne in mind that
according to Liichelin in Africa distances rarely cen be
given with absolute accuracy.

b/ by rail
Wau -~ Khartoum 1,498 km
Wau - Port Sudan 2,265 km |
Wau - Wadi Halfe 25407 km
Khertoum - Port Sudan 787 km
Khartoum - Vadi Helfa 9509 km
Khertoum - XKosti 383 km

These distsrces are taken from the Transport Ctetisticel
Bulletin 1974, p.20,
¢/ on the Nile
Juba - Kosti 1,436 km
Jubs - Khartoum 1,660 km
These distences are quoted from the Transport Stetisti-
cal Bulletin 1974, for the Kosti~-Khartoum section road
distence according to the Michelin mep being sdded,
The freight retes /in IS/m3/ sre at present as follows:

e/ by road for logs for plywood
from Katire to Juba 11.48 8427
from Kzare to Juba 23449 16.91
from Nzera to Wau 21.47 15,46
from Juba to Wau - 27441
from Juba to llombece - 28,80

These retes are celculated according to the officiael
teriff established by the Commissioner in Equatories province
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/Pt T per ton/mile/ snd in Bahr-el-Ghazal province /Pt 12
per ton/mile/, for transportation of goods on main roeds.
For .he transportstion from Ketire to Juba this rate ap-
plies only as far as Torit /135 km from Jube/; for the road
from Katire to Torit /45 km/ the maintenence 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 Wau cannot be used economically at the present
conditions becsuse the existing ferry on the Bousseri river
offers slow service and a low weight limitation, Freight
rate to Mombesa is given according to chsrges for transport
made by Interfreight /Kenya/ Ltd. in 1S/m3

b/ by rail for logs for plywood
from Weu to Khartoum 14,168 10,519
from Wau to Port Sudan - 15.127
from Weu to Wadi Halfa - 16,855
from Khartoum to Port Sudan - 5.551
from Khartoum to Wadi Halfs - T.279
from Kosti to Khartoum 4,728 -

The freight rates quoted ebove are valid since 1 July
1975. They are besed on the sssumption tkhet 30 m3 of ply-
wood /21,6 ton/ or 20 m3 of logs /16 ton/ could be loaded
on a 30 ton waggon.
¢/ on the Nile /For a full barge 100 ton or 500 ton both

for logs and plywood/

in XS/ton
from Juba to Kosti 17,100
from Jube to Khartoum 21,700

The River Transport Corporation is euthorized to
transport goods only to and from Kogsti, Direct transport
on the Nile to or from Khartoum requires special suthori-
zation by Sudan Railways,

The loading spsce of a 500 tons barge is 500 m3, It is
estimated thet om such & barge 333 m3 of logs or 500 m3
of plywood could be loaded, Transportetion cost in IS/m3
would therefore be:
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for logs for plywood

IS/m3 1S/m3
from Juba to Kosti 25.676 17.100
from Juba to Khartoum 32,583 21.700
d/ by sea in US 2/m3 ,

Tor plywood from Port Sudean from Mombasa

to Alexendria 48,26 /35.75/ 53.33 /39.50/
to Hamburg 82,62 /61,20/ 88,16 /65,30/

These freight rates apply for 1 t or 1 m3 whichever is
more /welght for volume basis/ and include the Suez sur-
charge /2,5 %/, bunker surcharge /8.5 %/, the currency
edjustment factor /10 %/ levied on the busic retes and
surcharges, and finally, the congestion surcharge which
veries from port to port., The basic rate 1s given in

perenthesis, . in US g/ton or m3
for machinery to Port Sudan to ilombeasa
from Hamburg 144,94 170,94

The bagic freight rate is US $ 118,70 to Port Sudan
end US @ 140 tc Mcombasa., To it are added 2,5 7 Suez gur-
charge, 8.7 % bunker surcharge, and finally on thc total the
10 ¢ currency sdjustment factor. The freight rate includes
loading and unloading costs, A heavy 1lift charge of US 2
25,90 is made for every piece exceeding 6 tons, for pleces
over 15 tons weight the charge is US £ 73,20 + US 8 3.50
per each sdditionsl ton or a pert therecf, The freight rate
epplies to 1 t or 1 m3 whichever is more,

Installed crene lifting capacity in Port Suden is
15 tons, hesvier pieces can only be unloaded by ship’s
crane,

Tor the export of plywood to Egypt there is theoreti-
cally sn alternstive way of transportetion from Wadi Halfe
on the Nile to Assven and from there cventually by trein
to Ceiro, The freight rate on the Nile from Vadi Hlafa to
Ascusn cherged by the Nile Navigation Company is IS 5 /ten.
But there are no facilities at vWedil Helfs, no port, ro
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srrangement for the handling of goods, consequently no
comodities pass on this transportation line in either
direction. For the time being, this transport system
would require a vividly uneccnomic amount of unloasding
and reloading from train to steamer and from steemer to
train end must consequently be ruled out until facilities
in Vadi Helfa Iimprove,
Handling charges for plywood in Port Sudan would be
IS 1 /ton /Pt 60 /ton for urloeding 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 the seme, For machinery handling charges
would amount to IS 2 /ton, for heavy items up to IS 3 /ton,
The hendling charges on the Nile and railway for logs
or plywood, including loading and unloading, would be about
Pt 40 /m3,

L 1 B A RS 8 et
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5/A Sliced veneer

All tree species intended for plywood production are
suitable also for the production of sliced veneer, Especlally
suited for sliced veneer is tesk, and tegk 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 lergest diemeter for the
production of sliced veneer sheets, in connection with the
establishement of & plywood mill in ¥eu, seems to be viable,
e short technicel snd economical evaluation of such a project
is added, Veneer production could be considered also for
other sites in the South beside Wau, or even in the particle
boerd factory in Khsrtoum with trsnsport of veneer logs to
Khartoum, preferably on the Nile, This would require, of
course, further study which is outside the scope of the
present contract.

¥or the site in Wau the following targets of veneer
production ers 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

Deily timber consumption: 9.5 m3

Necessery new equipment

The integration of veneer production with plywood
production hes important advantages since most of the
equipment instelled in the plywood plent, like the drier,
the equipment for c¢rosscutting, the mobile crane, veneer
knife grinder, chein saw grinder, hog, steam boiler etc,
can be used in common with the plywood plent,

Additionsl machinery and equipment necessery for veneer
production would comprise the following items:
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Equipment Power input  Price

in KW in IS
Horizontal veneer slicer with .
accessories /length of knife 70 40,000
2,700 mm/
Band saw 50 30,000
Clirper for transversel clipping of
veneer /length of knife 1,350 mm/ 3 4,000
Clipper for longitudinal clipping of
veneer /length of knife 3,700 mm/ 6 10,000
Hoist to the veneer slicer 5 1,500
2 trucks with trailere for logs
and waste 1 1,500

Total 135 87,000

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 IS 45,000,

To the recommended steaming vats two steaming vais of
6 x3 x 3 m dimensions should be added /i.e. one 12 long
steaming vat divided into two parts with independent 1ids/.

Cost Ls 2,500

Other necessary construction, e.g. levelling and prepe-
ration of site and log yard, rosd construction, werehouses,
administretive building, hygienic facilitlies, geresges, boiler
house etc,, sre in common with the plywood plant,

Labour force

The production of sliced venner requires:

Skilled workers 13
Semi-skilled workars 15
Unskilled workers &
Management and business administretion 4

Total personell 40

S
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Summary /L3/

investment cost depreciation

production nechinery and 1 ,
equi pmont 130,¢30 13,C90
construciion works 52,870 2,640
permanert vorkins cepital 32,500

Totel 216,300 15,730

Operating costs /IS/
Only the most important items are specified, minor items

are included in '"other expenses", The price of raw materisl
is calculated almost double that in the plywood project; the
average wages are increaced by 15 % ss compared with plywood

production, 1S
a/ Raw material

2,600 m3 x 22.C ET7,200
b/ Slectrical eneryy

200,000 x C,C35 14,770

¢/ Tepasirs, corswapiion of
teclinical materiale

3.5 % or preduction mechirery +
1,0 % on congtrvction vorks

5 '} 11¢
6/ weges 20,240
e/ social cecurity 3,040
f/ overheads, administrstive and other
expenses /20 % on e=e/ 19,620
Total 119,510
Contingency /5 %/ 5,9€0
Totel operctins costs 125,390

sales

he the major part of the ontpu* ie =zerumed to be
exporied, the calculation of scaoles revepues is besed on
average pricag CIF I'orth Luropran port:
serling price 0e30 = 0,50 U [ por mi,
In the celculstior, the averarze prica in taken into
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consideration; under these essumptions, the ssles revenues
will emount %to:

0,40 US 2 per m2 = 0,133 IS per n?

0.133 I3 x 2,000,000 = 26€,000 IS

Profitability
Investment cost IS 215,300
Sales revenues 266,C00
Anpual expenses:
- operating cests 125,390
- depreciation 15,730
- trensport costs 40,000 181,120

The transport cost are based on experience
from several projects in West Afri .a,

Profit before ‘ex 84,880
et profit 33,950
et profit + deprecistion 5,680

ray-back perici as ratio of

Irvesimert/net proiit + (ropreciniicn - 4,4 vears
i.ee 50 & higher wihen compaved with the profiitstility of
nlywood production,

IS
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5/B The Production Process of Plywood

In the following production flow chzrt the different
steps of production are demonstrsted between the input of
rew neterials and the output of the finished product,

' Plywood Production Flow

Log Trensport /Lorry/
Unloading /Mobile Crane/
Transport / " "
Storage /Log Yard/
Transport /Mobile Crerne/

(2"
N

Steaming /Vats/
Cross~cutting /Chein Saw/
Transpcrt /Truck/

(3)
N
Pieces of Veneszr Peeling Veneer sheets
r ) :
Clipping Peeling
‘ Storege
Stgrage Unreeling
Trensport Clipping
Transport
Storage

|

Drying
Soriing
Trensport /High Lift Truck/

7N
(5)
| e
Trimming Reﬁair
Jointing i
Trensport Transport

. - J
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Sprinkling of logs is rot required since the storing of
logs will not exceed three rionths and tropical hardwoods are
slow to develop cracks in the climate of Wau, if shaded from
insolation, lio serious danger from attack by insects or
fungi during the storaze of logs at the factory yard is
anticipated /see page /e

Log trenspcert in the factory yard snd filling of
steaming vats will be done by & movile crane of 16 tons
lifting capecity., No stablilizetion of the yard surface is
required for the movement of the crane., Its 1ifting capacity
permite the carrying of a 6 tons load st a distance of 8§ m
which is importesnt for the filling and emptying of steaming
vats, A bridge crane which is currently used in large ply-
wood plants is too expencive to be installed for the planned
smell production capacity /since it cosis some IS 120,000/,
whereas 8 mobile crore is fully adequate for this task.

2 Steaming srnd cross-cutting

In order to plastify the roundwood end to improve
peeling conditions et the peeling lathe the steaming of
logs in necesscry, 1t sliould be dore by the indirect method
in four steaming veis. The follcowing steaming cycle is en-
visaged:

Filling of stearing vet 4 hours

Emptying of steaming vat £ hours

Heating to g temperature

of 85 £o 505C 8 hours

Steaming at this temperature 40 hours

Conditioning, and cooling off 12 hours
Total 72 hours

The stesming cycle is shown on Chert 2 /gee the
following page/.

Yor the steaming of 40,4 m3 four stesming vats ere
necescery, accounting for loss of time, Chart 12 2 shows
the cycles of the hesting schedule., The stesmins vet should
be filled the day it is emptied,
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The Steaming cycle
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The temperature to which peeler logs must be heated
is determined from Chart 3.

Chart 3
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Density of Wood g/cm3

The steamed logs shall be lifted by the mobile crane
for hendling on the landing where they shall be crosscut
by 8 power saw into required lengtbs /i.e, 1.30, 1,90 and
2,30 n/., Waste comprising bark, trimmings esnd sew dust shall
be transferred by carrisge to the waste hog. Debarking shall
be done by hand after steaming., Deberked logs shell be pushed
on 8 »gil cerrisge to the depot in front of the peeling
mschine from where a monorail with electric hoist shall
feed them into the peeling machine,

| L. . JR———
—1
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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, es is shown in Table 1./see
the following page/.

Veneer of 1.2 mm thickness shell be peeled off from the
outer pert of logs in the whole knot-free zone, From the
inner part of logs of poorer quelity veneer of 2.0 and 3,0 mm
thickness shall be peeled for core,

After fixing the log into the double /retrscting/ chucks
of the peeling lathe the log is rounded off into a cylindrical
form, Pieces of veneer which ere shorter than the log length
and cennot be utilized represent a waste and are removed to
the waste hog and used as fuel, Veneer pecled in log length
and having & width of at least 15 cm is transferred by hand
to mechanical clippers where it is clipped on both sides and
piled on & psllet, Having got the log into cylindrical shape
a continuous veneer sheet appears and is reeled by hand onto
e 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 1is 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 the log the cylindricasl core is taken out of the
peeling lathe and carried eway to the fremesaw to be
converted into smell dimension stock,

The whole production process from the hendling of logs
up to the drier cen be also orgenized as a continuous line
using a debarker and an eutomatic crosscutting device, from
winere the lorss could be tremsported before the peeling machine
end fed into it by means of a fastening and centering device,
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) Plywood structure Table 1

Number of layers 3 5 i
Rated thickness - 3 4 S 6 6 8 9 10 12 6 9 10 12 15
Face veneer - T2 1,2 1,2 1,21 1,2 1,2 1,2 1,2 1,2]1,2 1,2 1,2 1,2 1,2
Core " 1,2 1,2 1,2 2,40 2,0
Core - 1,2 2,0 2,0 3,0 301112 1,2 2,0 20 3,0
Centre wn 1,2 2,0 3,0 40| ¢,0 2,0 3,0 2,0 4,0 | 1,2 2,0 2,0 2,0 3,0 :_,
Core "~ 1,2 2,6 2,0 3,0 3,0 (1,2 1,2 2,06 2,0 3,0 &
Core - 1,2 1,2 1,2 2,6 2,0 !
Face veneer - 1,2 1,2 1,2 1,21 1,2 1,2 1,2 1,2 1,211,2 1,2 1,2 1,2 1,2
Total thickness m | 36 4,4 5,4 6,4] 6,8 8,4 9,4 10,4 12,4|8,4 5,2 10,8 12,4 15,4
Compressing X )
Sanding % 99 9,7 6,9 €,8] 6,8 4,0 3,0 3,0 2,4] 4, 3,0 2,4 2,0 1S
Actual thickness wm |30 3,8 48 57[60 7,7 8T 9,6 15|77 85 10,0 1,5 147
Permissible tolerance - + 0,2 + 0,4 + 0,4
according to 1S0 = « 0,5 - 0,6 - 0,7
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The outcoming continuous sheet could be sutomatically 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 & 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,

Capaclity of peeling lzthe

The peeling lethe, 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 & veneer
thickness of 1,2, 2.0 and 3,0 mm and supposing an average
log dizmeter of 50 cm /which would represent the average
log dismeter in the Suden/ is 4,5 m3 per hour,

4, Veneer drying and sorting

Veneer shall be dried in & jet drier with e belt con-
veyor with impact eir circulation, Veneer shell be dried to
a8 final humidity of 6 % for furniture plywood glued with
urea-formaldehyde glue and to & 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
quelity standards of sorting after running in the plent,
Sheets requiring surface repair shell be transferred to the
plugzing machine and sheets with edse cracks to the tables
for menual repriring. Each type is piled on & separete
pellet, Once the pellet is loaded the veneer is carried, s
the case may be, either for repair, or to the press, while
undersized pieces are tgken to the trimmer end jointer,

55 Veneer jointing, treatment snd repair
Undersized pieces of veneer sre tsken in the trimmer

e RO g g o i e e
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where glue is spread on the edges and then the pieces are
metcied in the jointer into an endless belt which is again.
cut into suitsble sizes, Of the total amount of dry veneer
about 30 ¢ will be undersized which represents 7.4 m3 perxr
day. The capacity of the trimmer being 2.5 m3 per hour, one
machine ig sufficient.

Pieces of veneer spread with glue are matched in the
trensverse 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 p.rformance of the jointer in 420 minutes /with e utili-
zation capacity of 0,8/ would be 7 m3.,

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

6. Spreadinz of glue

The urea~-formaldehyde glue /prepared from glue containing
the Zn012 hardener, non-edible flour, and water/ shall be
spread by the zlue spreader st a rate of 180 to 200 g/mZ.
Daily output everages 18 m3 of plywood. With regard to the
structure of rroduction 2,050 sheets of veneer should be
spread over with glue per day., The caparity of the glue
spreader is about 2,500 sheets per shift,

The glue is put on both sides of the core /in three
leyer plywood/ or cores /in plywood with more layers/ and
then the assembling 1s mede by hand, The sssembled pieces
are moved on pallets to the press,

7BP plywood shell be glued with phenol formaldehyde
foila, consequently no spreading of glue is necessary.

7. _The presaing of plywood

It is made in the heested press, The press shall be
filled by hend from & uydraulic lifting table, The plywood
for furniture in prececed at & teumperature of platens of
105 to 110°C and ot a pressurs of 1B kp/cm2, For WBP ply~
wood the temperature should be 140 to 150 %, The pressing
cycle in seconds for verious plywood thickness is as follows:
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3 and 4 mm 6 mm 15 mm
Filling 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 e press in 15 openings. Consequently
the press must be operated in two shifts,

The manuel 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 substantislly increase the price of the pressing
equipnent, Therefore, the press shall be filled from the
lifting table,

£, Sizing of panels

This is made on the double sizing sew, Its capacity, at
a feeding speed of 20 m/min, averasge plywood thickness of
4 mm, size 122 x 183 cm, 0,8 utilization of working time,and
a8 4,2 m distance between the step motion of the belt, is
about 3,0 m3 per hour,

The first sizing saw cuts along the face grain, the
seconi one transversally to it, The waste from the sizing
sews shall be transported manually to the waste hog,

Repair of defective plywood shall be made by hand, Re=-
peired plywood shell be pressed in the second shift using the
free ceracity of the press.

O 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 quelity
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shall be used for containers, this shell not be sanded. WBP
plywood intended for comstruction shall also not be sanded.
The performance of the three drum sender is higher than the
expected procduction, consequently the sander shall operste
only during one shift, Since there is only one sander the
sheets must be returned for sanding the other side.

2 high fork 1lift truck shall be used for the transport
of finished plywood into the store and from the store to the
veLicle used for externsl trensport. It shall also be used
to transfer dry vsneer.

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

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

The manpower specification is given in Table 4 /see
page 122 / end equipment requirements are listed in Table 5
/see page 123 /,
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Table 2
¥ovement of liaterial

Rate of utilization 45 %

Output: 5,000 m3 plywood per ennum

Log consumption: 11,100 m3 per snnum,
2.22 m3 per m3 of plywood

Volume in m3 Totsal
Item Outppt Yaste a75 300 waste
”© “  working days losses

Logs into stearing vats 100
pe1 day 40.4 37.0
per hour 5.8

Handling loss 7
per day 2.8 2.6
per year 117

Peeling machine processes 93
per dey 37.6 34
per hour 5.4 4

Wet non utilizable waste 14
per day 5¢7 52
per year 1,554

Cores 12
per dsy 4,6 4.4
per year 1,332

Output of wet veneer 57
pexr day 27
per hour 3

Losses due to shrinking 6
per dsy 2.5 2,2
per yeer 666

Output of dry veneer 67
per day 24
per hour 3

Weste from dry veneer 8
per day 3.2 3.0
per year eng

Volume processed in the 53
press per day 21
per hour 3

Losses in pressiig, trinming
and sanding 8
per day 3.2 3.0
nexr year 888

Finished plywond 45
per day 18,2 16,6
per hour 2e
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Table

Movement of Material

Rate of utilization %0 %

Output: 5,000 m3 plywood per enrum

Log consumption: 10,00C m3 per annum
200 m3 per m3 plywocod

. Volume in m3 Total
Item Outpyt Weste 275 300 waste
”  working days 1losses

Logs into steaming vats 100

per day 36.5 33.3

per hour 5e2 4.8
Handling loss 6

pexr dsy 242 2.0

per year 600
Peeling machine processes 94

per day 34.3 31.3

per hour 4.9 44,5
Wet non utilizeble waste 14

pexr day 5.1 4.7

per year 1,400
Cores _ 12

per day 4.4 4,0

per yeer 1,200
Output of wet veneex 68

pexr dey 24,8 22,6

pexr houxr 365 3.2
Losses due to shrinking 6

per dey 242 2.0

per year 600
Output of dry veneer 62

per day 22,6 20,6

per hour 3.2 2.9
Waste from dry veneer 6

per day 2,2 2,0

pexr vear 600
Volume processed in the 56
press per day 20,4 18,6

per hour 209 ZeT
Losses in pressing, trimming
sending 6

per dsy 242 242

per year 600
Finished plywood 50

per dsy 18,2 16,6

per hour 2.6 2.4
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Table 4
Manning table
Per Annual salaries
Kumber person or wages /IS/

A - WAU
General manager 1 3,600
Technicsl manager 1 3,000
Plant engineer 1 1,800
Assistant plant engineer 2 900 1,800
Administration menager 1 1,800
Senior accountant 1 1,200
Accountants 2 600 1,200
Senior clerks 2 600 1,200
Junior clerks 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 € 480 3,840
Skilled workers 30 400 12,000
Semi-skilled workers 24 300 7,200
Unskilled workers 30 200 8,000
Drivers 2 240 480
Total 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 A00
Unskilled workers 3 280 &40
Watchmen, messenger 4 200 200
Total 16 8,420
Grandtotal 139 62,460
R S S T T e e T I I T S e T e s S N R T e e NS o s TR SO N s
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Table 5
Equipment Requirements
Equipment g:x::d coﬁggger Piéce
in W Kcal/h
A, Log yard
l., Storege
1 mobile crane 16 t - - 25,500
2 chain saws 6 - 2,000
Sub-Totsel 6 - 27,500
B, Production line
2+ Steaming ard cross-cutting
Equipment for stearming vats
/2 pumps, steam distribution, 6 400,000 8,000
covers/
Equipment for crosscutting - - 500
2 truck for logs and waste
with reil - - 550
3. Peeling and veneer clipping
1 monorail with electric heist 5 - 1,500
1 veneerxr 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,C00
5o Veneer jointing, treatment
end repair
1 veneer trimrer 20 - 16,000
1 veneer jolnter with clipper 11 130,000 28,000
1 veneer plugging machine 7 - 5,300
6. Glue spreeding
1 glue spreader 5 - 4,000
1 glue mixer 2 - 1,000
1 glue storage complete A - 1,650
Carried forward 265 1,930,000 177,700
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Table 5 cont’d

Power Heat
Equipment demand consumer Piéce
in XV Xcel/h

265 1,930,00C 177,700
Te FPressing
1 hydrsulic hot press ia

15 cpenings 5C 700,00C 45,C00
1 hydraulic sinking teble
for loading 3 - 1,400
8., Sizing
1 plywood sizing saw 20 - 10,000
9. Ssnding
1l three - drum sander 50 - 16,000
Sub-Total 3ee 2,630,000 250,100

C. Genersl services and
instellations

1 veneer knife grinder 5 - 9,5C0
1 circuler saw grincer 2 - 1,000
1 chain saw grinder 2 - 200
1 waste hog end blower 24 - 3,900
1 etesm beciler corplete 12 atp 5 - 20,0Cc0
Exhaust plent 36 - 11,500
Equipment for producing
end distribution of
compression air /6 atp/ 30 3,400
Eguipment for heat
distribution - - 4,000
Installation of electromotors
light - - 9,000
Lab.equipmnent /lab,hydraul,
press, clue bond testing
machine, lab.drier/ 10 - 6 4500
High 1ift truck - - 5,000
- lisintenance equipment 10,000
Sub-Totsel 114 - 155,000
Sub=-Totel A 6 - 27,500
Sub=Total B 3ge 2,630,000 250,100
Sub=-Totel C 114 - 155,000

Grend-Totel 508 2,630,000 432,600
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5/C Material snd Energy Consumption

Wagte

At the expected 45 I rate of utilization of logs the
following emocunt of wood waste will be available at the ply-
wood plant and should be disposed of:

Quantity of waste from logs

Operation in % in m3/dey in m3/year
Handling of logs 7 248 1117
Peeling /wet undersized pieces/ 14 57 1,554
Cores 12 4,8 1,332
Waeste from dry veneer 8 3.2 868
Trimming of plywood sheets 5 2,0 550

15645 5,101
In this survey only utilisable wood waste is listed, Not
mentioned sre losses caused by shrinking and pressing. The
utilisetion of wood waste for the production of perticle boards
or fibreboards is not feasible because of the gmall amount of
waste which is best used by burning for energy production,

Glue consumption

Plywood intended for furniture production shall be glued
with urea-formeliehyde glue, The powder glue /which is used
elso in the perticle board production in Khertoum/ is msde to
contain 64 % of dry substance /7 weight perts of glue powder
ani 4 weight perts of water at a temperature of 40 °C/. For
glue prepafed in this way the following recipe can be used:

55 & of glue

20 ¢ of non edible fiour

.25 ¢ of water,

It is recommended to order from the producer s glue which
conteins slready the ZnCl, hardener, In this casse the prepa-
ration of the hardener, and also its transport costs, are
eliminated, If glue without hardener would be purchesed, to
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the total amount of gluing matter 10 % of & hardener /15 %
of NH,C1, 30 % of urea, 55 % of water/ should be added. The
totel spread of gluing matter is 180 to 200 g/m?.

For the intended procduction progremme the requlirement
of glue powder shell be cs follows:

cm mm n3 pieces/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 50 kg, .

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

Glue requirements for veterproof plywood intended for
construction:
Dimersions 120 x 183 e = 15 mm -~ 31 pieces/m3.

Totel annual consumption of tegofeils is 60C,000 m2,

Heat energy

The distribution of heat energy comsumption by the
various appliences is given in the following survey.

kcal/h t/h  t/day Gcal/yesr t/yesr

Steasming vats 400,000 0.3 19,2 2,640 54280
Veneer drier 1,400,000 2.8 22,4 3,080 6,160
Veneer jointer 130,000 0.3 2.4 286 660
Press 700,000 1.4 22,4 3,080 6,160
—3-=t T f £ 3 T 1 1 T FF-F ¥+ 3+ P -+ £t 3 1 F T 3 T 7 3t -t 4 T 4 2 4 1 4 P4 1 2

Heat requirements per m3 plywood:n-%&%%%- = 1,8 Geal/m3

The necesseryv amount of heat energy of about 2.6 Geal/h
shall be supplied by a steam boiler operating at a pressure




M

of 12 atmospheres, The condensated steam shall be returned
to the boiler, Wood waste shall be used as fuel. It shell
be shortened by a circular saw, fregmented by a waste hog
and burnt in e stoker,

The consumption of 2,6 Gecal/h refers to the first shift,
in the second shift consumption shall be 1,1 Gcal/h and in
the third shift 0.4 Gecal/h.

Fuel consumption

The caloric power of wood waste is assessed at 2,500
kcal/kge. The boiler s efficiency being 0,75 fuel consumption
shell be:
in the first shift:

2,630,000
in the second shift:

Q = 1,402 kg/h x 8 = 11,216 kg

1,100,000
RV = = £86 kg/h = 8 = 4,688 kg
in the third shift:
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 plent a daily amount of 20,350 kg of
wood weste is expected to be available, From this amount
only 13,970 kg shall be burnt, The cores, /i.e. the cylinders
remaining efter the peeling process representing 5.8 m3
/6,380 kg/ per day/ shell be transferred to the Wau Training
Savmill snd there converted on a small frame sew into smell
dimension stock, thus obteining 3.5 m3 £ sawnwcod a day,.

The remsiring requirement for fuel shall lte met by the
Wau Training s:vmill where 12,000 kg of wooc waste will be
gveilable fron the planned sewmill output,.

[
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Eleotric enerzy

Consumption of electric ernergy shall be as follows:

Insﬁalled Used lewh/D

o kwh T.shift II.enift Total KWR/yeer
Equipment 508 356 2,848 552 3,400 935,000
Light 14 7 - 23 28 7,700
Total 6522 363 2,848 580 3,428 942,700

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

The requrired electric energy shall be supplied by the
power plant in Weu, The ieu Treining Sewmill has & stand-by
generator with a capscity of 208 KW which is at present un-
used,

Should the power plent in Vau be unable to supply elec-
tricity for wanrt of instelled capecity, a consumer s power
plent could be inctzlled et the plywood mill /to the 208 KW
Dies:l gereratcr mentioned above another 500 KW Diesel gener-
ator could be bought which would supply electricity to the
plywood plent including sliced veneer production/. In this
case the price of electricity produced would not exceed the
price charged by the power plant in Weu which is that taken
into account in the cost calculation /see Annex 5/E.

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

Water consumption

The water consumption for industrisl purpore is computed
eg follows:

Steaming vats 1 m3/h x 24 h 24 m3/dey
Preperation of glve 1 m3/h x 16 h 16 m3/dey
Washing of the glue spreader 1,5 n3/cay
Boiler 2 m3/u x 24 h 48 m3/day

Totel#£3,5m3/day
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Annual weter consumption for industrial use is 24,612 m3,

Water consumptiorn for sanitary purposes and for drinking:
100 1 per percson per day about 2,500 m3

Total wvater consumption 27,112 w3
Watexr consumption per m3 of plywood: 5.4 m3
Spare parts end supplies for repair and maintenance,

A list of spare parts which are necessary for one yeer's
operstion is given hereunder, Included slso are spare parts
and material for maintenance which shall be specified as to
type and quantity by the supplier of equipment.

Type Quantity
Peeler knives 15
Clipper knives 92
Cutters for the waste hog 30
Pressure-bar for peeling lathe 3
Preasure~bar for clipper 2
Circular saw blades for sizing

device and waste crosscut saw 50
Abrasive paper 500 m2
Saw chains 10

Conveyer for the drier

/life~-time 2-3 yesrs/ i
Serews of the support of the peeler 1l
Kut of feeding spindle 1
Electric motors 2
Lubricants and hydrsulic oil 700 kg
Lubriceting greese 300 kg

Further spare parts and material which will be specified
by the supplier of machines comprises: steel rope for the
mobile crene, bearings, volves, V=belts, construction msteri=-

al ete ]
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27 foZlins fer Yerdizsrs

Lroevotton 0. v

size 120 x 183 cm -~ 1,200 10
4 mm thick plywood

gize 122 x 2290 ¢ = 700 3

pive 122 x 183 cu - 3C0 w3
6 mm thick plywood

gize 1%2 » 220 ¢ - S0 3

15 nue vhick rlywsod - watewirool

l L.
Legwolall e
R .

Ui le evera oX Lo Sohs lifting powsr, witn acllivy to

lower snd 1ift o losd of © tons et o cistunce of 8 m into oxr
frorw a depih of 3 m, operatirng: on Diescl oil, The mobile crane
shall ve used for unlosaing logs from lorries, f{or stering
logs iu the log yard, tor the treznsfer of logs into the
steaming vets, and for movhg the steasmed logs to the croes-
cutting cevice,

.

¢e teaming and crogs=citting

Teed piping io0or steam reduced vo 1.3 atmosphere into
four steeming vate dimencloned 12 x 3 x 3 m, and drain piping
to the bciler house, including hesting calerifers in the
stesrin~ vate,

Two puxps icr puwipilnz weter

Covers for the stewning vers mede irom gtelnless steal
with polyestyr-ne insu.ation

“wo electric cha}n cevis /one us & regorve/ able to crose-
cut Jogs ¢f & diereler of up tou 120 cu,




o

e Feeling ard veneer clipping

The peeling lathe

Requirements ccncerninz the peelins lathe

The peeling lethe should be zble to process lozs of 2
length be%tweer 13C and 230 cn, Theee dimensions limit the
maximum ard mimimur length of the peeleé log without usine a
prolonging spindle /such machines sre slresdy offered in the
market/. With regard to potentiel log diasmecter, especially
with mshogany, the cross~transverse motion of the support
should ensble peeling of logs up to s diameter of 120 cm,

The number of spindle revolutions need not %o exceed
150 per minute, since the reeling is done by hend anrd the
cutting speed will be sufficient even at low revolutions,
with respect to the expected size cf logs, The range of
thickness required extends from 0.5 to €,0 mm, The Ward
Leonard device for the reguliatioh of revolutionrs is not
recommended /veirs rother expersive/, a ithree~polc commu-
tation elecctric motor for changing the cpirdle revolution
in correspondance with the diminishing log diemeter will be
guiTicient, Tne macnine should te equipped with double
/retracting/ chucks, the diameter of the outer snindle
measuring at leaat 26 cm and of the inner one et least
13 cm, The machine shall be equipped with a casette which
permits the installaticn of the knife in exact position
with respect to the spindle axis sfter sharpenirg, In order
to prevent the bending of the log st the end of peeling =
backup roll should be added to the machine.

Reeling equipment with bobbin megazine

The reeling equipment is placed on rails behind the
reeling lethe so ithat it can be moved away when undersized
pieces of veneer leave the peeler., The length of the bholhbin
is 2,300 mm,

The full vobbin ig moved into the bnbbin marazine from
where it glices sutometically to the clipper,

The bobbin magezine is made of iror, with two storeys
for full bobbins and the third one /inc'ired towerds the

I |
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peeling lathe/ for returning the empty bobbins, The diemeter

of the empty bobbir is 0.2 m, the diameter of the full bobbin

is 0,6 m, Ten bobbins asre necesssry /Tor each storey/.
Clipper for the veneer beit

- Length of tiie knife in mm 24400
- Speed of the feealng conveyer

in m per nin, 0 - &0
- Speed of the removinz conveyer

in n per min, 30
- Comprescsed air drive in kg/cm? 6

~ Possibility of clipping both automatically
by photo-electric cell and by hand

Clipper for undersized dieces of vencer

Instead of feeding and removing conveyers:benches or
rollers, No photo-electric cell for clipping ie required.
Length of knife, as given before,

4, Vaneer dryving and sorting

Requirements concerring drier

The drier should dry 27 m2 of mols' veneer ¢T 24,6 mj of
dry veneer per day, The initial humidity of vepe:v being &0 %
and the :'inzl one 6 %, 13,986 kg of water should be cvaporated
per day. This represents 1,598 kg of weter per hour, based on
one 7 hour shift, With & working width of 2.8 m a belt length
of 55.3 m is requirsd, consequently a8 three storey veneer
drier 20 m long /excluding the cooling-off zone/ is necessary,
The drier will be heested Dy steam st & pressure of 12 atmos-

pheres,

Teclinical requirements:

- ¥%idth of belt in mm 24400
= Length nf heated zone in mm 3 x 20,000
- Length of cooling-off{ zone in mm 3,000
- Pregsure in atmospheres 12
~ Average outrut of dry veneer

in m3/hour 3.0

~ Behind the drier a transversal rubber conveyer for
sorting vereer shee*s shall be instellied,




5 Veneer jointing, treatment and repair

Trimmexr

- Operating length in mm 2,400

- Height of hundle before >ressing in mm 300 ,
- Feed rate in m ner min, 2

Transverge jointexr

- Opersting width in mm 2,300
~ Feed rate in m per min, 9
- Required output in m3 per day 1

- The jointer is equipped with s clipper,

Veneer plugzing machine

Surface defects shall be removed on the veneer plugging
machine,

- Diameter of the plug puncheon in cm 15

6. Spreading of rslue

mhe glue spresdcr should have a daily output /in two
shifts/ of about 2,100 cheets,

The zlue will be prerored dirsctly on tne glue sprousder,
on wiich e glue mixer is fsstened; 170w there itle glue is
pumped to the glue spresder,

The ocapacity is sbout 1,000 kg of glue mix in two shifts,

Te Pressing of plywood

Requirements corcerning the press:

- Pressing plates in mm 2,4600/1,300
-~ Number of openings 15
- Day light of opening in mm 70
- Greatest total pressure in kp/em2 1,050
- Highest specific pressure in kp/cm? 25

- Hydraulic fluid: weter + 5 % of
emulsion gease

~ Length of input side in mm 2,300
- Cloging spezd in mm pexr Sec, 100
- Heatings by steam

=~ Pregsing nlates equipped with metsl csuls,




¥illing of the press 2nd closing irom the

8y Sizing of panels

First slizing sew:

Maximum edging width in mm
Minimum edging width in mm

Second sizing sew:

Meximum edging width in mm
Minimum edging width in mm

Feeding speed in m per min,

9, Sanding

Three-drum sanderx:

Opereting width in mm

General services and instsllations

Veneer knifs grinder:

Disk diometer in mm

Jircular saw grinder:

universal

Waste hog ard blower:

flog width in mm

Height in mm

Feeding spe=d in m per min,
Output in m3 per hour

Steem boiler:

Capecity in Gesl per hour
Pressure in atmospheres

The whole equipment is composed of
the conveyer, means of trensport and bunker

the furnace

the boiler with srmsture

tha device for fune cleaning end chimney
the conirol panel

the feeding pump

the device for weter conditioning,

upper opening,

1,400
1,000

2,400

1,700
20

2,050

3,200

43¢
120
12

5
12

‘'he output of the steam boiler would cover ulso

requirements for poscible production of sliced venecr,
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Yaintenance equipment:

Zlectric hand drilling maclhiine
Electric pillar drilling machine
Univercal grinder

Snaping mzchine

Tin shears

vWelding apparatus

Universal lathe

Universal milling cutter

Hack saw

Saw set pliexs

Liverse grinding disks, 15 pieces
Lecksmith s equipment

Electrical ouifit

liodern equipment of this type is availatile in the
maeintenance working shop of the Jau Training Sawmill,
Laboratory equipment

Hydraulic press:

~ dimencions ¢ platens ir mw 300 x 300
- gpecific pressuxre in kp per cnd 25
- Day light in mnm 2075
- Zlectric heating

Glue bond testing machine:

- totel strenght in tons 0.5

Laboratory drier

with a thermostat up to 200 ¢

Leborstory scales

Hopler viscosimeter

Laboretory table

Laboratoxy glass

Electric moisture~content indicator for veneer
Other auxiliary equipment will be produced locally:

10 worl tables

50 pellets for veneer and plywoctc to Le tranoferred
by high 1ift truvczs,
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[ Firms delivering machinery and equipment for plywood
plants:
Siempelkemp - Kaschirenfabrik
Krefeld 1

Deutsche Bundesrepublik /West Germany/
Hildebrand - Maschinenbeu Grub H 7446

Oberboihingen

Deutsche Bundesrepublik /Vest Germeny/
RFR - Vereinigte Furnier - und Sperrholz -

Maschinenfabriken

Hamburg 33

Viiesendamm 30
Deutsche Bundesrepublik /iiest Germeny/
C,Mﬁller—Forst - Maschinenfabrik und Elsengiesserei
bei Holzminden an dexr ieser
Deutsche Bundesrepublik /7est Germany/
Angelo Cremong and Figlio - honza
Viale Lombardia 275
Italis /TItely/
Lenden Rautoteollisuus -~ Lahtl
Suomi ~ /¥inlend/
Coe Msnufacturing Co, -~ Peinesville
Ohio - USA
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- Y . (4
5/E Coot of electricity croduced by corsvmer a

STV N [P S, P A = —~ o~ -9 3 -
If {he plywoed nlrrt in .sn rencrates 1Us o clectricithy

- B AN

thnis would nnt ircirease ilie cost of elec "ric povir zuove the
current rate charged by the plart in Usu /i.e. I3 G,035 per

Kih/ s is cihown by the casih-flow forecast presented below,

The followings assurptions were riade in this calculation:

15
Investnent cost of consumer s power rlant
ineluding irstallation in “fau 35,00C

Permenent working capital £ 9000
stnnual operatirng costs:
fuel 240,000 liter x IS 0.C9 25,100

t

14
wares ete, 1,7¢C 21850

[ XV

Interrsl reverve: 42,700 Nin/ornur o 349
= 23,000

P

Irterect on laoznT: S,%

< r
~.
)

ry
—
Cad
]

-y

r
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Cash-flow forecast /in XS/
for consumer s power plant in Wau

Constr, 1 2 3 o4 5

A. Sources of cas:
1. Loans 4C,00C
2. Internsl revenue 33,000 33,000 33,000 |33,000 33,000
B, Uses of cash 40,000
1, Fixed capitel

expenditure 35,000
2+ Permenent working

capitel 5,000 i
3. Operating costs - 27,650 27,650 27,850 (27,850 27,850
4, Debt service '
4,1 Interest orn loens 3,800 3,672 3,531 3,378 3,202
4.2 Repayrert of loans 1,350 1,178 1,619 1,772 1,943

C. Surplvs/ieficit

| SECTION 1 )




r————'

2 3 4 5 6 7 € < 10 11
33,000 33,000 | 33,000 33,000 33,000 33,000 33,000 33,000 33,000 33,00CC
27,850 27,650 |27,850 27,850 27,85C 27,850 27,€50 27,850 27,850 27,€5C
3,672 3,531 3,378 3,209 3,028 2,823 2,602 2,360 2,095 1,608
1,178 1,619 1,772 1,91 2,125 2,327 2,548 2,790 3,055 3,34%




r—-‘*
S < 10 11 12 13 14 15
33,000 33,000 33,000 33,000 33,000 33,00 23,000 33,000
27,650 27,850 27,850 27,E5C 27,850 27,85C 27,850 27,850
24602 2,360 2,095 1,805 1,487 1,139 756 340
2,566 2,790 3,055 3,345 2,663 4,011  4,3% 3,504
+ 1,226

I_, SAECHBN 3‘ g
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6/A Pricing of tle output ana receints and cccts

daurine tne start-up rericd

Sellirngs rricec

The calculabicn cf iLre averases sellipng rriceg is .
based or the reollowirg assumriicns:
a/ it is expected thal under normsl corditionc /beginning from
the third operating year/ the structurc of guality grades
should oe:
- for interior plywood /tnicknesses from 3 to 10 mm/:
quality B2 /arnd better/ 20 o
quality B3/C 50 %
quality C 30 %
~ for exterior plrwood only twe quality srecdes will be ‘
produced: :
ouality BT £C 5 |
quality TT/C e
b/ the trensport ard =zalea exrnensen will be pogitively
influenced by the fect that the bulir < (e ovtiput will
be cictriouied throupa ths Firms cwn cellins Tviesu I
ghartowy tiic wili ellow ¢ bring the thwolegele z2nd rotoil
mereins to relctively low levels waer ceompexed vitn the
present gituction of imported plywood,
‘The surmary of tie planned ex factos; prices is siven in
the following table:
Prices ex factory e /in IS rer m3/
crality tverage
3B B3/C C srice
3 mn Hc oG 17260 166,40 3160.C
F W 153,¢C A 170,80 Tale!
5 mm 15760 j BRIV 13,0
6 mn 175,0 15740 307,
& mn i, RICTRI PRGNS T
10 mm 15140 13569 135.0 T et
}2y?§‘fcrade/ 1450 130, - 17,0
'
!
.
b e —————— o
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vesed on the average ex factory prices indicsted in the
preceeding table, the wholesasle znd rotail crices are calculsted
irn the following wayv /in IS per m3/:

&x factory hortoum zhartoum !

“au wholesole retail
3 mm 16€,0 18CG,0 148,0
4 rm 141.0 153.0 171.0
5 mm 137,0 149,0 164 ,0
6 mm 135,¢C 147.,0 162,0
8 mm 133,0 145,0 160,0
10 mm 132,0 144 ,0C 159.0
15 mm 137.0 149.0 164.0

Note: in the calculction of the sales receipts, the 6 mm
plywood is taken as representing the whole group from
5 to 10 rm /considering the relatively small volume of
this group, such z simplification caonnot sffect the
exacthess of the calculationr/,
Sales and cogsts during the start-up period

Sasles /in 3/

Bx fectory ieu 200 650 1,050
Khertoum wholesale 400 900 950
Knartoum retall 1,900 2,45C 24500
Totel 2,500 4,000 4 4,500

Selling prices /in 1S per m3/

Operating yeor
o)

2 3
-x factory wau 14343 14845 154,1
Khertouvm wholesale 155.3 161,5 155,1
Lhartoum retail 17343 176,.5 1€1,.6
Fote: 1t is asswied that dnring the Iirst two years the output

may be of lower quality /lst yesr: L5/C-50 %, C=50 i3
2 nd year: BB~10 %, BB/C=~50 %, C=40 ¢/
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Seles revenue /in 1,000 LS/

Operating year

1 Z 3
Ex factory Weu 2E47 0Tec 161,.8 '
Khertoum wholesele 62.1 145.4 156,86
Xhartoum retail 32G%.3 4373 453.9
Total 420.,1 679.9 77245

Operating costs during the running-in eriod
/as a percentaze of the final amount/
operating years

1 2 3

Level of output 50 80 S5
Sales through Khsrtoum
/as percentaze of

totzl Kh.sales/ 66 96 29
Raw materisls 5E £5 9E
Pover, water £5 87 100
Spare perts, technical
niatericls 60 £5 1¢0
vages and seclaries x/ 20 95 100
Sales expensec 70 20 100
Transport costs 66 96 99
Overheeds, zdministrative
expenses, insurzice €0 90 100
x/ITote: expatrinte gtaff - 100 <

During the first two operating yesrs, tie wa-e bill is to
be 1lncreesed to pay the ssleries of twe =xnetriate experts;
their selaries, incl, allowarnces are ascunad to be IS 700 and
- L3 600 per month, the anrual ex-ence Leins LT 15,500 /4G &7 of
this emount to be naid ir icrsifn currercy/.
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Surmmary of operating cocts during the running-in peried

/in I3
opereiing yeacrs
1 3

Raw meterial 83,050 121,710 140,330
Urea adhesive 22,040 32,4300 37,240
Technologicel flour 2,090 3,060 34530
thenolic foil 11,4€0 16,830 15,400
slectricel energy 21,450 28,710 32,995
Water T00 240 1,0€0
Repeirs and spsre parts 9,030 12,790 15,050
Consumption of technical ’ :
material 4,860 6,91C 5,130
Insurance 6,250 7,030 7,810
Jases crd salories 71,E10 74,940 02,460
Sociel security 10,770 11,240 D,3E0
Trancport costc 25,1&E0 36,620 57,770
Seles expenses 204950 34,650 33,500
Flant cverheads 274320 3C,740 34,150
Total 323,000 418,470 447,825
Coatingency /5 ./ 16,150 20,3920 22,390
Grend Total 339,150 439,390 470,215
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6/B Investment costs

Production mechinery and equipment

As steted in chapter €,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-contrscted
to local suppliers /the value of potentiacl local deliveries
is estimated rot to exceed approx. 3 % of the total value of
production machinery and equipment{, As the detsils of such a
sub-contract couvld not be satisfactorily specified in this
initiel phase of the project, the investment costs of the
machinery end equipment are calculated under the assumption
that the total sum has to be paid for entirely in foreign
currency,

According to the Sudenese industrisl investment regulations,
it can be reasonably sssumed thet all machinery and equipment
may be granted the full exemption of custom duties,

The straight line of depreciastion will be used. The write-
off period will be 10 yeers ior the preduction machinery and
equipment and 5 yeers for the handling equipment,

Two replacemente or repazirs of investmert charactexr are
plenned to be carried out in the Tth and 11lth operating years
/the smount of investment requirement being 20 &%, resp. 50 % of
the initial cost of the mschinery and equipment/, The prices esre
assumed to be constant, The handling cquipment is planned to
be repleced every 6th year,

Calculation of the value of erected machinery /in IS/

Foreign Local
currency currency Total

¥Yrice CF Port Sudan:

a/ log yerd equipment 27,500 - 27,500
b/ production line 264,700 - 264,700
¢/ general instellations

end gervices 140,400 - 140,400
Totel CF Fort Sucen 432,600 432,500
Insurance /1,0 %/ - 44330 4,330

Prire CIF FoxtSudaen 432,600 4,330 436,930
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Foreign Locel
currency currency Total
Price CIF Port Sudan 432,600 4,330 436,930
Exchange tax /14,875 %/ - 64,350 64,350
Development tax /2 %/ - £,650 8,650 '
Additioral tex /5 %/ - 21,630 21,630
Clesring, insurance, transport
to site /2.5 &/ - 10,820 10,€20
Value of machinery at site 432,000 109,780 542,380
Engineering, supervision 4,330 &4650 12,9€0
/ 3%/
Assembly ard installation 32,440 10,820 43,260
/10 %/
Value of erected machinery 459,370 129,250 558,620
Contingency and inflation |
allowance /10 ¢/ 46,940 12,920 59,860
Total 516,310 142,17C 65&,480
Construction works
Owing to the climatic conditions in Jau, the economic 1life
of constructions is assumed to be 2C years, l.o r=plscements

sre planned during the 15 years period included in the cash-
flow forecest,
A/ Factory at wau IS
1, Levelling asnd preperation of the sgite,
incl, log yard

20,000 m23 0,5 LS/m2 10,600
2., Koeds on the site
1,000 m2; 2,5 ILS/m2 24500

3, Operatiorel building, incl, foundations
for heavy macininery

2,400 m2; 50 LS/m2 120,000
4, Varehouses for plywood, spare parts,

msterials

1,200 m2; 30 LS/m? 36,600
5. Adnirigtretion builld . rp

200 m23 35 Ls/m2 7 4000

Carried forward 175,500
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I3
175,500

6. Garage, workshops for vehicles

100 m2; 20 LS/m2 2,000
Te. Concrete drsincze /apron/ around '

operstional buvilding and warchouses

350 m; 8 L3/m 2,£0C
8. Canteen, firgt-aid center, social services

300 m2; 35 IS/m2 10,500
9. Perimeter fence, incl. entrance area

600 m; 5 IS/m 3,000
10,Boiler house

150 m2; 40 IS/m2 6,000
11,S5teeming pits 2,400
l12,Steam supply 500
13.7ater and sewage installation 2,000
14 .Fire protection 5,000
Toteael 209,700
B/ Housing st .au
1, 2 rezidential houses for manacers 2¢,0C0
2. Guesthouse €,000
Total 28,000

C/ Werehouse and sasles section at Khartoum

l. Land, incl, levelling 750
500 m2; 1.5 1S/m2

2., ‘iarehouse

200 m2; 40 Js/m2 64000
3, Administration builcing
50 m23 30 L3/m2 1,500
4, Garsge
[ 40 mzy 15 1S/m2 500
5« Perimeter fence
76 3 5 L/m2 350

Total 11,200
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Summery IS

A/ Factory at iau 2C¢,T0C

B/ Housing at .Jau 26,000

C/ Warehouse cnd szles section &t

Khartoum 11,200 !

D/ Desigh work /6 S on A - C/ 14,93C

E/ Contingency /approx.5 i _on A=L/ 13,170

Total 277,000

Trangport, office ard housing equipment

Price estimates for transport, housing and office
equipment sre considered as paid for in local currencye. Even
if partislly imported, all these items are availaole on the
locsl merket snd no exemptions from custom duties zre expected
to be granted.

The service life of the vehicles is assumed to be 4 years,
the write-off period for the of{ice cnd housing furniture will
be 10 years. It is plarred to replace thie vehicles every 5ih
year and the furrniture in the 11lth operalting year /iue

=

replecement beins made wnder the conditinn ¢i corciznt prices/,

Squipnent to be purchzsed incluies: L5
l. 1 lorry i0 ™/.au/ 10,000
2e 1 lorry 6 T /Kharioum/ 6,000
3, Landrover /.eu/ 5,000
4, Medium-price cer /Khartoun/ 5000
50 Office furniture a2nd equipment 10,000
6. Furniture ani equipment for residential

houges 12,000
Te Turniture and equipment for the canteen

and first-eid center £,00C
Totel 5¢ 4000
Contingency /1C ../ 54600

- —— -

Total 31,600
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rrelimirery /developrent/ excenses

The assessment is based on experiences with siniler
indusirial projects srad discussions in the Sucanese consultancy
institutes srd firms, The write-oif neriod will be & years.

Foreign Local Totzl
curscney currercy /IS/
/057 Y 4

l, Cost of establishing the
company - 2,000 2,000

2+ Tendering and commissioning
services, tecinical

assistance 9,C00 9,000 18,000
3e Wages and salaries during

construction 1,000 32,500 33,600
4, Training of technicel snd

menagerial personnel 12,000 4,000 16,000
5 Interest on capital during

construction x/ - 45,000 45,000
Total 22,000 92 ,€0C 114,600
x/

Note: sccording To the timing of construction snd installation
works, interest on capital urirs construction is assumed
to be 6C ¢ ¢f the sum ¢f in*evres® paid in tie first
operating year

Schedule of deprecjation

Investinent Lepreciztion Annuel
cost rate deprecistion
/1s/ / 5%/ /Ls/
Production machinery
and equipment 623,830 10 62,380
Hendling 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 exronces 114,600 20 22,4920
Total 116,530

Fote! Beginning from the 5Hth operatinz year, the cum of annual
Cepreciation will decrease to X3 93,610, The replacenents
of mechinery and equipment will not affect the smount of
depreciatiorn,
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6/C Czlculztion of arnuzl repavmenis of leans
P

A8 ccn ue seen in tae cash-flow for:cest, the operational
loss ir the first operating year has 2 very regative impact on
tne finencicl situztion of the plant, To inprove the liquidity
irn the iirst tvo years, the foliowirs measures in the firancing
schedule are proposed:

a/ to postpone the repayment of orincipal of the medium=-term
and long-tcrm loans from the Irndustrial Bank of Sudan for
the first, resp, the first two years,

b/ to use the system of repayment in equal ennual irsteslments,

All data concerning the debt service are given in tzble 7
on the following page.




- 15]_ -
Loan Amoun® Rate Period Operating year
/in K3/ 1 2 3 4 5 6
Supplier’s 150,000 9.5 % 5 years Princ. 24,814 27,712 29,754 32,581 35,679
credit
Int, 14,249 11,891 9,309 6,48 3,384
Instal. 39,063 39,063 39,063 39,063 39,063
Long-tern 400,000 8.5 X 12 years Princ, - - 20,459 22,198 . 24,085 26,133 <
loan
I.B.S. Int, 34,000 34,000 34,000 32,261 Jo,374 28,326 ..
Instal. 34,000 34,000 54,459 54,459 ~ 54,459 54,459 °%.
Medium- 300,000 9.5 ¥ 6 years Princ. - 39,375 43,117 47,214 51,700 56,612 c.
term loan
1.B.S. Int. 28,500 28,500 24,758 20,661 16,175 11,263
Inatal. 28,500 67,875 67,815 67,805 67,875 67,85 ¢
Aggregate 24,814 66,547 93,330 101,993 111,464 &,745
repaynent of
principal
Agzregate interest 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 i.

i
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Tabla 7

37 year

3 4 5 6 7 8 9 1C 11 12 13 14
29,754 32,581 35,679

9,309 6,48 3,384

39,063 39,063 39,063

20,459 22,198 | 24,085 26,133 28,355 3C,766 33,38 36,220 39,295 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 B,154 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 61,98

24,758 20,661 16,175 11,263 5,893

67,875 67,805 67,875 67,875 67,875

93,330 101,993 | 111,464 &,745 90,337 30,766 33,38 36,220 39,295 42,64C 46,265 50,198
68,067 59,404 49,933 39,589 31,997 23,693 21,077 18,239 15,610 11,819 8,194 4,261
161,397 161,397 | 161,397 122,334 122,:34 54,459 54,459 54,459 54,459 54,459 54,459 54,459

=

f SECTION 2
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6/D Cash-flow forecest /in IS/

Construction Cperatirg vecrs
1 2 1 2 3 4

A. Sources of cesh 262,000 59G,C00 420,1C0 579,900 7724500 £50,10C
l. Finsncial resources .

total ’ 260,000 990,000
l.1 Loans £5C,000
1.2 Equity 260,000 140,060
2. Sales revenue 420,100 679,500 T72,5C0 850,100
B. Uses of cash 253,80C 952,180 455,713 580,328 631,612  636,19°
1, Fixed capital .

expendiiure 253,800 857,860
1.1 Construction works 110,800  166,20C
1.2 lachinery ernd oA 1A ACH
1e3 Preliminery erpenses 35,000 G ,60C
2+ Permanent working ar 0

capitel 24300 15,000
3. Opersting costs 339,150 439,390 470,215 474,795
4+ Debt service 101,563 140,938 161,397 161,397
4,1 Interest on lozns 76,749 74,391 68,067 59,404
4,2 Repayment of loans 24 4,614 66,547 93,330 101,593
5¢ Tax on profit
C. Surplus /Leficit of

cash /4-3/ 6,200 37,620 = 35,013 99,572 140,686 13,90C¢

Surplus/Leficit 3

accunulated 44,026 €,407 107,979 248,867 462,775

%ﬁfw_sscuun 1
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v

3 4 3 5 7 g g 10 11 12
4500 £50,10C 835C,10C  €5C,1C0 €50,10C  850,10C  £50,1CC €50,100 650,100  &50,1:
7,50 850,100 850,100 £€50,100 &50,100 850,100 850,100 850,100 850,100 €50,1 .
1,612 636,192 664,792 177,043 €71,714 684,055 714,225 687,328 1,068,740 691,1

26,600 34,650 124,766 2€,600 379,565

28,4500 34,650 124,766 28,600 379,565
0,215 474,795 474,795 474,795 4T4,795 474,795 474,795 474,795 474,795 474,7°
1,397 161,397 161,397 122,334 122,334 54 4459 54,459 54,459 54,459 54 o4

» 067 59,404 49,933 39,5€9 31,997 23,693 21,077 18,239 15,160 11,8

14330 101,993 111,464 82,745 90,337 30,766 33,382 36,220 39,299 42,6

145,264 149,619 154,801 156,371 158,074 159,521  161,¢
7,686 13,9C6  185,30¢ 73,057 = 21,514 166,045 135,675 162,772 =218,04C 106,
yB0T 462,775 646,083 721,140 699,526  £65,571 1,001,446 1,164,216 945,578 1,104,¢




N

- Terminel
: g 10 11 12 13 14 15 Lolue
5,10C 850,100 650,100 650,100 850,100 £50,10C €50,100  €50,100
£0,100 650,100 850,100 850,100 €50,100 850,10C £50,100 €5G,100
4,055 714,225 687,328 1,068,740 691,180 721,955 695,714 643,812
28,600 379,565 28,600 21¢,311
28,600 379,565 28,500 21€,311
109,300
4,795 474,795 474,795 474,795 474,795 474,792 474,795 474,795
19459 54,459 54,459 54,459 54,459 54,455 54,459
5,693 21,077 18,239 15,160 11,819 8,194 4,261
14766 33,382 36,220 39,299 42,640 46,4265 50,19¢€
. ,801 156,371 158,074 159,921 161,926 164,101 166,460 169,017
»045 135,875 162,772 =218,64C 156,920 128,145 154,386 206,288 227,611
99571 1,001,446 1,164,218  945,57¢ 1,104,496 1,232,643 1,387,02¢ 1,593,317 1,92C,92¢

[_SECTION 3

3
e
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6/E Calculations cf tie corm2rciel rrefitability oi

the vroject

The commercial profitabiliiy is cslculated or th: ,
assumpticn that the presernt level ol nlywocd price in ile
Suden will be cvt by more than nalf, ‘hic mesns that there
remains a very broad margin to raise tiic commercial profit-
ability of the project - if it should be desirable - as will
be shown by the sensitivity analysis examples,
The calculetions of the commercicl profitability are
based on two bzsic date:
- cost and profits of an "everage" year /arithmatical mean/
- cost and profits of the €th operating veer /mediane/
as can be seen from the follewing table /in IS/: "

Total capitsl investment: 1,220,980

Torecast operationnl acecounts:

AvArae Lth yeer
very
Sales EUd 5415 £50,100
Expences:
- operating costis 463,006 474,795
-~ deprecistion 101,210 93,610
- interest paid 33,45C5 25,693
- totel 597 4£01 592 ,09¢
Tex on profit 105,717 154,801
Profit:
- before tex and deprecistior 308,322 351,612
- befor: tax 207,112 258,002
- after tax /net profit/ 101,34¢ 105,201

- after tax apd before depre~

it

cia*ion L0200 106,011




- 154 =

Eeturn orn investmeni as ratio of:

average £€th year
jear
profit before itax and cdepireciavicn A .
ROT, 25¢3 % 28,8 &
investrent '
profit before tax 3
RCT, 17.C 7 2141 v

investnent

profit =fter tax and vef, deprec,

ROI

3 investment 16,6 7 161 %
net prefit
ROI4 £.,3 % Ee5 §-
investment
Pay-beck period as rsiio of:
investment
Pl 14C years 3.5 years

profit Hefore tax anc derrec,

invesinzis
EBr, - = CoC vears
i rrox"h alter Sex sno sefor: depgrec,

N
[ )
N
el
4]
o)
'3
a

Commercizl profitebility as ratic of seles and

profit:

profit before tax
RP1 25,7 % 30,3 <
sales revenues

ret profit

RT 12,6 12,1 %

2
aales revenues

Break-even enalysis
The breck-even point /BLr/v.ocre vevcnues and costs, incl.
depreciation and tex on »~rofit, cve ecunl will Le colculntad

urins the Tormvle:




1C + Co3 WO
BEPF /in %/ = x 100
SR = VC = Q.7 OVC

where: FC -~ fixed costs
SVC = semi-variatle costs
Ve - veriable costs
3R - sales revenues

The calculations are besed on tiie presumed data for the
©th operesting yesr /in IS/:

sales £€50,100C
variable costs: raw material 143,190

adhesives 61,400

water,energy 4 4075

trensport conts 36,150

continzenc) 13,770 290,585
fixed costo: depreciniion 93,010

interect pzid 23,593

insurance Ty1C

overher g 244250

cortingency 2,090

tax on profit 154,801 316,154

gsemi-variable costs: remaining operating costs,
incl, contingency 140,160
316,154 + 42,048

BEP = x 100 = T7.6 %
850,100 - 290,565 = 96,110




[ J
- 156 -
|
Cost /Benefit Anslysis /in XS/
Constructicn Operatin;; years
1 2 1 2 3 4
Be. Benefits i
Loans £5C,000 i
Seles revenues 420,100 679,900§ 772,500 850,10
Totel _ 856,000 420,100 679,900 772,500 €50,10¢
Ce Costs
" Tixed cepitel expemditure 253,200 £57,880
Pernanent working capital 94,300 15,000
Debt service 101,563 140 938]' 161,397 161,39’
Tex on profit |
|
Totel 293,800 952,180 455,713  5£C,328| 631,612 636,19
i
Be=C -253,600 =102,160 =35,613 99,,7;{ 140,888  213,90¢
B~ C accumulcted ~355,980 -321,593 -292,021 -151 133 62,775
liet present velue /12 %/ =-253,800 ~91,247 28,384 70,895 89,605 121,2€¢
NPV 12 % accumilated =345,047 =373,431 -302,536 =212,931 =-91,645
Vet present value /25 %/ =253,800 =81,744 =22,792 50,981 57,764 70,162
NPV 25 % accurmlated =335,544 =358,336 -307,355 =249,591 =179,42¢
Internsl rate oi return is calenlated ngine the formuliac
a
IFRE = P, + / P, - P,/
- (
206,758
IFR = 12 4 —- J25 - A2/ = 12 4 0,0596,13
UL THE R LD,
ILR = 23,2 %




772,500 850,100 850,100 850,100 850,100 850,100 £50,100 850,100 850,100  850,1
772,500 850,100 850,100 50,100 £50,100 850,160 850,100 85C,100 850,100  850,1

28,600 34,650 124,766 2€,600 3794565

o

470,215 474,795 474,795 A4T4,795 474,795 474,795 474,795 474,705 74,7
161,597 161,397 161,397 122,334 122,334 54,459 54,459 54,459 54,4 :
145,264  149,€19 154,801 156,371 15,074  Li0,0il 1ol,f

531,612 636,192 664,792 777,043  &71,714 683,055 714,225 607,328 1,00t,740  691,1

5
o

a
o=

-

>
v

140,888 213,906 185,308 73,057 -21,614 166,045 135,875 162,772 =21€,64C  1it,S.
151,133 62,775 248,063 321,140 299,526 465,571 601,446 704,216 545,576 74,4

89,605 121,286 93,951 33,022  =£,732 59,942 43,752 46,716 ~56,190 36,3
212,931  =91,645 2,306 35,328 26,59 86,538 130,290 177,006 120,€16 157,

57,764 70,162 48,551 15,342  =3,631 22,250 14,539 13,996 -15,086 £,7.
249,591 =179,429 -130,678 -115,536 =119,167 =96,917 =-82,378 =-6€,360 =83,466 =74,7

[ _section 2

N
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Terminal
£ 9 10 11 12 13 14 15 value
0,100 850,100 850,100 850,100 850,106 850,100 €50,100 850,100
0,100 850,100 85(¢,100 850,100 850,100 €50,10C £50,100 &50,100
2€,600 3794565 28,600 218,311
109,300
4,795  4T4,795 474,755  £T4,735 474,795 474,795 474,795  474,75F
34,801 156,371 156,074 152,921 151,800 164,101 104,40l 1uy,ulT
,055 14,225 6L7,328 1,068,740  691,18C 721,955  £95,714 543,812 327,611
54,045 135,875 162,772 =21&,640C 156,220 128,145 154 ,3€0 206 ,28¢ 327,611
55,5671 601,446 764,218 545,576  704,4%¢  £32,643  9&7,029 1,193,317 1,520,928
59,942 43,752 46,716 -56,190 36,393 26,270 26,253 33,625 53,401
£6,538 130,290 177,006 120,616 157,209  1€3,479 211,732 245,357 298,758
22,250 14,539 13,998 -=15,086 8,741 5,638 5,404 5,776 9,173
16,917 =82,378 =68,360 =83,466 =74,725 =~69,087 =63,6€3 =57,907 =-48,734

Liﬁ.“'“" 3

SRS




6/F Sensitivity analysis

()

Several single exnamples 3zowirg the iaizcy ol wne
potentiel futvre market and coctlng developriont indicate th2
very sirong pocition = in terrs of prolitaviliiy - of the
domestic productiorn of plywood /consiiering the wide price
mersin when compared with the inports of plywood to the
Sudan/,

The sensitivity analysis is based on ike date of the &ih
yesr of operation /the nediane member of the tine series of
15 years taken into account in th2 study/. The results can be
sumerized in the Tollowirg conclugsions:

- the selling orice exercises iz ;jreztest influence on the
returr on investment of tlie project as cen be seen mainly
in the last column of tane table: *the ircycese of sales
revenues by 9,7 ' is sufiZciert enoush tc conpensate the
agzgregate izract of increcses Tholh ¢ irver.ment ond

opersiing ccosieg

- the ircrecne of investrert o ~'a2 0 o tUle rilolively lowes?t
impacs or e roturr ot irvesicianl CAf one codi’ional ¢f e
on interest on loars Lo Lo Ul o0/,

- if the scles revenues were iscroared b, LU 4, the returs
on investment /as rctio of ;rose »roriit to investrent/ vould
c t 57 v of

n
1imb up t0 35,1 7 with prices reacinin, only abou
he present ~rice level on thc [Udrnece warcer!
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He o tu LEles covennes Sal o revenues  Oner
Licriaced ut b 1o 5 ino.
TS,
4
4 e ” 5 et e LA Dy e ,
docal eapitel invertnent Lyidiuybe 1,2c0,008 1,220,220 1,00

Saler »avenues CTw, 100 1,02C,2.:C 765,090 .

~xXpenses, Lote 28240l 59:,0Yc 592,098 5

£ Cpamim kg . . o R T e I RN oY 4
6f hizl: o zvetii o ccste ATLGTOE L4 ,7705 470,755 £
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heiurr on invegtent as raitic:

~ orofit vefcre tox /investiroand Slel 35,1 5. 15.2 %
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M
res cevermnes Salos revenuves COnerstins custco i Jaleg reveinues
~ecriesed cut by 10 incresg=l o in increased to
Tl 10 by 10 7 corpencate the
increase in
investnent and
operating costs
by 10 ¢ /to retsin
~ the basic RCI/
L,2c0,4L0 1,220,380 1,220,980 1,342,0E0 1,343,0EC

b s Yol IT el
*'ULC"_U

£50,10C

932,728

592,098 552,098 539,57¢% 01,459 64€,93€
L74,745 47, TY5 22,275 4744755 522,275
,?9;13 q;’GlL €417 LO2,072 1¢e,071
, 53 ,0%3 25,000 RN 23,93
wln T 172,060 210,522 BRI 2€4,790
BN 1,748 C0y317 RV R 170,274
D06 ,616 0L ,E07 1TT,€1S 202,407 216,4€7
17,00 69,197 G4 920y 9c,455 113,515
35,1 ited % 17.2 ¢ 1.5 21,1 &
1i,0 % DeT % 0.9 & Ted % Be5 %
1, years "ol Yeurs LoD yeers 546 years 0,2 years
1748 o Yol 9.9 . 11,7 5 12,2 %

[ SECTION 2
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6/G Macro-economic evaluation

Velue added

For the calculation of the velue added /from the macro-
economic point of view/ the following items ere taken into

consideration /in IS/:
operating year

4th 8th

raw material /90 %/, ‘

including contingency 135,315 135,315
wages and salaries, including

social security and contingency 75,432 75,432
interest pesid 59,404 23,693
profit before tax 199,491 258,002
total value added 469,642 492,442

Retio of velue added = _!élggI%%QEQ- x 100

RVA, = 2832042 _ 100 _ 55,2 4

4 850,100 o
492,442
RVAS = —B-S—O—m x 100 = 57,9 %

Socisl costs/benefits analysis

For the assessment of the national economic profitability
of the project a somewhat simplified method /es compared with
UNIDO’s Guidelines/ was used,

Since the conclusions are commented in Chapter 6, in this
Annex only short remarks to the methodology are asdded:
=~ the output was eveluated in world prices = 250 US # per m3
« for the cslculetion of social opportunity costs the following

premiums were used: foreign exchange + 0,5
unskilled lebour - 1,0
~ in the component "unskilled lasbour" the scmi-skilled labour
treined in the project is included
-~ the social discount rete is 1ying between 5 % and 6 %,
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Components of investment costs /in JS/

Forelgn Domestic Unskilled
exchange materials labour
Production machinery
end equipment 516,310 136,760 5,410
Transport snd office
equipuent 26,400 35,200
Construction works 13,850 180,050 83,100
Preliminary expenses 1 22,000 38,000 ' 9,600
Total 578,560 390,010 98,110

1/ Interests on cspital during construction are excluded

Components of working cepital /im 1S/

Foreign Domestic Unskilled
exchange materials lebour
Potal </ 35,890 54,590 18,820

2/ The proporiions of each component in the cost of raw
materisl end weges are calculated on the seme basis &s
in operating costs.

S e o S0 RN
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Operating costs /oroken-down into_components/ in IS

Toreign exchanrge bomeztic
2 2 3 4-15 1 2
8/ Raw material 8,205 12,170 14,030 14,32C 41,525 60,60
b/ Ures adhesive 16,530 24,225 27,930 28,50C £,51C  8&,075
¢/ Techrologicsl flour 2,090 3,000
G/ Phepolic foil 8,610 12,625 14,500 14,85C 2,870 4,205
e/ Electrical erergy 21,450 28,71
f/ Water 00 940
g/ Repairs end spare parts 6,770 9,680 11,440 11,440 2,260 3,110
h/ Consumption of technical
materials 3,660 5,180 6,100 5,100 1,220 1,73C
i/ Insureznce 6,250 7,030
J/ Wages snd eelaries 40,990 42,270
Expatriate staff 6,240 6,240 9,360 9,360
k/ Sociel security 10,770 11,240
1/ Trensport costs 23,9eC 34,720
m/ Sales expenscs 1,35¢ 1,730 1,925 1,235 22,905 29,45%
n/ Flant overheads snd
administrative expcnaes 1,365 1,535 1,710 1,7.0 23,225 26,135
Total S2,820 73,385 77,685 7&,045 215,045 270,970
Contingency /approx.5 %/ 2,640 3,670 3,880 3,910 10,750 13,550
Total opersting costs 55,470 77,055 81,565 82,755 225,795 284,520

[ SECTION 1 )




~in IS
n excharnge pomeatis materisls Unaskilied lebour

3 4-15 1 2 3 =15 1 z 3 4<15
S 24,030 14,32C 31,525 60,860 T0,17C 71,590 33,220 48,580 56,150 57,280
27,930 28,50C 5,510 §,07%  v,310 9,500

2,090 3,060 3,530 3,600

T14,500 14,85C 2,570 4,205 1,850 4,950
21,450 28,710 32,995 32,935

~00 940 1,080 1,08C

0 11,440 11,440 2,260 3,110 3,610 3,610

¢ 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
, 9,360 9,360
10,770 11,240  9,38C 9,380
23,9<C 54,790 35,880 3E£,24C 1,200 1,830 1,890 1,910
L9925 1,930 22,905 29,455 32,725 32,72% 29595 3,405 3,850 3,850
1,716 1,710 23,225 26,135 29,025 29,025 2,730 3,070 3,415 3,415
77,665  TE,8645 215,045 270,970 286,335 28E,475 55,125 T4,115 83,805 84,975
3,880 3,910 10,750 13,550 14,320 14,380 2,760 3,70C 4,150 4,210

5 81,565 82,755 225,795 284,520 30C,655 302,855 57,885 77,815 87,995 89,185

[_SECTION 2
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Resources flows /in IS/

Construction Operetin: vear
1 2 1 2
1, Supplier’s loan: forelgn exchange 150,000—h -
2. Output: foreign exchange 197,920 330,006 =
3. Construction snd replacement costs:
351 Foreign exchange:construction works 5,540 8,310
machinery and equipment 81,430 461,280
) preliminary expenses 14,000 8,000
3.2 Domestic meterials: construction works 72,020 108,030
machinery and equipment 25,920 146,040
preliminery expenses 21,000 17,000
3.3 Unskilled labour: construction works 33,240 49,860
machinery and equipment 650 4,760
: preliminary expenses 9,600
4, Permanent woriking cepltal:
foreign exchange 35,89d
domestic materials 47,120 Ty470
unskilled labour 11,29 7,530
5. Opersting coste: forelgn exchan;e " 55,476 77,055 .
domestic materisls 225,795 284,520 3¢
unskilled lsbour 57,665 77,815 ¢
6. Debt service /supplier’s loan/:
foreign exchange . 39,063 39,063
T« Screp value and permanent working capitel
Tex Scrap value: domestic materisls

7.2 Permanent working capitels
foreign exchange
domestic meterisals
unskilled labour

SECTION 1 )




Operatin: years
. 2 . 4 5 5 7 8 9 10

197,920 330,000 375,000 416,670 416,670 416,670 416,670 416,67C 416,670 416,670 416.

12,300 20,790 94,074 12,300 286 .
16,300 13,860 29,944 16,300 91
748 v

74470

7,530

55,470 17,055 61,565 62,755 82,755 82,755 82,755 82,755 82,755 B2,75% 8¢
225,795 284,520 300,655 302,855 302,855 302,855 302,855 302,855 302,855 302,855 30

57,865 77,815 87,995 89,185 89,185 89,185 89,185 89,185 89,185 89,185 69

39,063 39,063 39,063 39,063 39,063

[ SECTION 2
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Terminel

7 8 9 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 12,300 266,192 12,300
19,944 16,300 91,056 16,300
748 2,277

2,155 82,755 62,755 82,755 82,755 62,755 82,755 82,755 62,755
12,855 302,855 302,855 302,855 302,855 302,855 302,855 302,855 302,855
19,185 89,185 89,185 89,185 89,185 89,185 69,185 89,185 89,185

218,311

35,890
54,590
18,820

[ SEcTion 3
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Social costs/benefits analysis /in IS/

gonstructign 1 5 3
B/ Socizl benefits, total 225,00C 296,880 495,000  562,50¢
Supplier’s credit 225,000
Output ' 296,880 495,000 562,500
Working capitael and scrap value
C/ Socisel costs, total 270,395 1,088,410 355,533 439,166 462,066
Ccngtruction and replacement costs 270,395  S867,455
Permanent working capital 100,955 7,470
Operating costs 309,000 400,103  423,0CC
Debt service /supplier’s credit/ 39,063 39,063 39,067
B=C Social net benefits -270,395 =£63,41C =~58,653 55,834  100,43¢
Sociel net benefits accumulated ~1,133,805 -1,136,624 ,
-11192'458 -l,ojéllgL
Present value of sociel o
net benefits /5 %/ ~270,395 ~821,966  ~53,198 48,421 62,65
Present value of SKNB -1,092,361 «1,097,138
accumulated ~2T70,395 -1,145,559 ~-1,014,481
4
P SECTION 1 )




| -/
Operating years
1 2 3 4 5 6 7 8 9
16,880 495,000 562,500 625,005 625,005 625,005 625,005 625,005 625,005 625,
96,880 495,000 562,500 625,005 625,005 625,005 625,005 625,005 625,005 625,
55,533 439,166 462,066 466,051 500,801 472,033 598,043 426,988 461,738 42¢
34,750 45,045 171,055 34,750
7,470
09,000 400,103 423,003 426,988 426,988 426,986 426,988 426,988 426,988  42¢
39,063 39,063 39,063 39,063 39,063
38,653 55,834 100,434 158,954 124,204 152,972 25,962  19€,017 163,267 15
-1,136,624 -877,236 =600,060 -375,081 -1.
+02,458 ' -1,036,190 =753,032 -573,098 -211,814
23,198 48,421 82,657 124,620 92,656 108,763 18,253 127,721 100,246  11°
-1,097,138 ~869,661 -688,442 ~542,466 =3ac
45,559 P, 014,481 ’ ~797,205 ’ -670,189 P las2,222
[ SECTION 2
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7 8 9 10 11 12 13 14 15
5,005 625,005 625,005 625,005 625,005 625,005 625,005 625,005 951,741
25,005 625,005 625,005 625,005 625,005 625,005 625,005 625,005 625,005
326,736
98,043 426,788 461,738 426,988 947,372 426,988 461,738 426,988 426,988
71,055 34,750 520,384 34,750
6,968 426,988 426,988 426,988 426,988 426,988 426,988 425,988 426,988
5,962 198,017 163,267 198,007 =322,367 198,017 163,267 193,017 524,753
-375,081 -13,797 ) -138,147 +233,137
73,098 =211,814 ~336,164 +25,120 +747,890
127,721 100,246 115,840 104,949 82,450 95,246 240,337
-442 4222 -505,940 -318,541 +17,043
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Flows of foreign currency /in US g/

Construction
1 2 1 2 3

A/ guzf%ow of foreigm currency, 302,910 1,540,440 283,599 348,354 361,004
ote

i, Outflow of capital, total 302,910 1,540,440 117,189 117,189 117,165

Construction works 16,620 24,930
Machinery and equipment 244,290 1,383,840 j
Preliminary expenses 42,000 24,000
Permanent working capitsl 107,670
Debt service /supplier s
credit/ 117,189, 117,189 117,18%
2, Current outflow, totel 166,410 231,165 244,695
Adhesives 75,420 110,550 127,440
Srares, techmnicel materials 31,290 44,580 52 40cl
Expatriate staff 18,720 18,720
Esw materiel _ 24,915 36,510 42,096
Other expenses incl.contingency 16,065 20,605 22,545
B/ Inflow or savinge of foreign 593,760 1,125,060
currsncy, totel 450,000 990,000
Supplier’s credit 450,000 i
Substitution of imports 593, 760! 1,125,000
/or exports/ ! 990,000
Permanent working capitsl
/terminsl value/
C/ Net savings of foreign -302,910 310,161 763,11¢
currency ~1,090,44C 641,646
Net savings of foreign -1,083,189 321,573
currency accumulated ~1,393,350 - =441,543

TSECTION 1|
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1l 2 3 4 5 o 7 8 9

283,599 348,354 361,564 365,454 402,354 310,635 530,487 248,265 265,165

117,189 117,189 117,169 117,169 154,089 2,370 282,222 36,900

36,900 62,370 282,222 364900

117,189 117,189 117,185 117,189 117,189

166,410 231,165 244,695 24E,265 248,265 248,265 246,265 246,265 248,265

75,420, 110,550 127,440 130,050 130,050 130,050 130,050 130,050  130,05C
31,290 44,560 52,640 52,620 52,620 52,620 52,620 52,620 52,620
18,720 18,726

24,915 36,510 42,090 42,960 42,960 42,960 42,960 42,960 42,960

16,065 20,605 22,545 22,535 22,635 22,635 22,635 22,635 22,63"
593,760 1,125,000 1,250,000 1,250,000 1,25¢,000

i 990,000 1,250,000 1,25¢,0C0 1,250,0C0 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.

310,161 763,116 847,646 719,513 964,635

¥ 641,646 864,546 939,365 1,001,735 | 1.
-1,083,189 321,573 2,053,765 3,712,643 5,679,213

B ~441,543 1,206,119 2,993,130 4,714 ,378. 6.

| _section 2 )
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8 9 10 11 12 13 14 15
248,265 265,165 248,265 1,106,841 248,265 265,165 246,265 248,265
36,900 £58,576 36,200
36,900 856,576 36,900
5 248,265 248,265 245,265 248,265 248,255 248,265 243,265 248,265
o 130,050 130,050 130,050 130,050 130,050 130,050 130,050 130,050
. 52,620 52,620  52,62C 52,620 52,626 52,620 52,620 52,620
42,960 42,960 42,960 42,960 42,360 42,950 42,960 42,960
22,635 22,535 22,635 22,635 22,635 22,635 22,635
1,250,000 1,250,000 1,357,670
T 4,250,000 192505000 1 550 000 7" T 5 us0,000 ]
0 1,259,000 1,250,000 1,250,000 1,250,000
1,250,000 1,250,000 1,250,000 1,250,000
107,670
23 964 4,635 143,159 ) 964,835 1,109,405
1,001,735 | 1,001,735 1,001,735 1,001,735
13 5,679,213 6,824,107 8,790,677 . 10,901,£17
4,714,378 6,680,948 7,625,842 9,792,412
y
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