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-------
This is the Interim Report o! the Consultant at the end of his 

first mission (August - Septem•er 1982). 

The Project Work Plan was discussed and reviewed with the repre­

aentative of UNIFSTD, the NCR, CCTRU, SIDFA (UNDP, Khartoum) and the 

Pulp/Paper Expert (UNIDO). The discussion resulted in rescheduling of 

the Project to start from June 1982 to end of May 1984. 

The equipment, apparatuses, glasswares, chemicals, ~ooka, and 

cars, etc. were spacified and ordered. 

The extension of the laboratories started in early August and is 

going on satisfactorily to be completed with all utilities before the 

end of Novem9er 1982 as planned~ 

Local training of the research personnel of the Unit has begun 

and a crash course was given by the Consultant. A programme for the 

study tours and fellowships training of the research personnel waa put 

and will start in Novem9er 1982. 

A research programme for the Unit was formulated and discussed 

in a Seminar with the Research Committee of the Unit. The result of the 

Seminar was a fruitful cooperation 8etween the Unit and the National 

Research Institutions in conducting joint research projects in the field 

of pulp and paper, 9uilding 9oards, e~ergy and ani~al feed from domestic 

raw materials. 
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INTRODUCTION 

The Deaecratic Repuilic •! The Sudan is the largest ceuntry in A!rica 

with a tetal. area o! 2.5 million Km2• 

The ecenomy •! Sudan is iased en agricul.ture and there are Tast areas 

e! land suitaile for acriculture on the Nile. Only 10% e! the suitaile 

lan• area is now ieing used. 

Natural. forests are onl7 !ouna in the Southern part •! Sudan and 

there is alse a lot of land suitaile for industrial plantation~ as statea 

iy the ECA/FAO Forest Industries AdTisory Group in 1976. Lar1e trial 

plantations are ieing carried out with Eucalyptus in Sudan, alone the 

Blue Nile from Khartoum to Er Roseires and the Ea Damazin area has 9ee~ 

considered the i~st place !or extensiTe industrial Eucalyptus plantations. 

Sudan, a country endowed with rich natural resources - agricultural, 

mineral and aDimal - stands a good chance •f iecoming one •f the largest 

agre-industrial. ceuntries in Africa. Large irrigation schemes and 

apprepriate agro-industrial projects can ms.ke Sudan self-sufficient in 

the short-run and an important expo~ter in the long-term. 

The industrial secter contriiuted 8.8% to the GDP in 1981/82 and 

employed more than 200,000 people, a•out 3.,5% of the eceno~ically actiTe 
population. 

When Indepen•ence came in 1956, Suaan inherited an industrial sect•r 

whick kad preTiously played a minor part in the national eceneay. 

In the 1960 1 s, a separate Ministry of Industry was estailishe• in 

1966 followed iy the InTiestment Act of 1967, waich encouraged growth iy 

giTing protection to lecill.l~ ~anufactured COOds, iy a fiTe-yP.ar t~x­

exemption pregramae f•r new inTest.era and iy expanding priYate sector 

actiTity in canniag, ediilA •il preduction and grain •ills, etc. How­

eTer lack of cemprehensiTe planning and scientific and techaolocical 

research le9 te tke failure of s·~Teral pu8licly owned projects such as 

th~ Arema Carton Factery and the Baian.usa Milk Preducts Factory. 
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Censequently, the •eYelepment plans in the 1970'a representea tae 

start e! careful pl&llllinc pelicy. Tke major aims were t• increase 

agricultural pre•ucts 9y puttinc ••re lan• into pro•uctien, to precess 

agricultural preducts te meet lecal demand an• eYentually expert 

especially etii9le eil, leather aJld textiles, te produce qricult 1ll'al 

aitis such as fertilizers, insecticides and machinery, te eaceurage the 

search for •inerals, natural cas and petroleum, and to tiistri9ute 

plants ana !acteries fairly threuckout the coUJLtry to achieYe 9alance~ 
lleYelopment. 

Research Institutieaa were alse esta9lisaed such as the In•ustrial 

Research and Consultancy Institute, the Feed Industries Research Centre, 

ThP. Sudan DeYelepment Corperation, ans the Natioaal Council fer Research 

(NCR) with its !eur specialized councils inclutiing the Ceuncil !er 

Scientific ana Techn•l•cical Research (CSTR) waich was entrusted in 

April 1970 with specific task, a11onc ethers, •f stuaying the aspects o! 

industrializatien and marketini of cellulose. 

Since then, the NCR has adopted the idea •f esta9lisainc a research 

unit !or Ce~.lulese Cllemistry anti Techneloc:r ud set it up as an affili­

ate •f its specialize& CSTR. Ia this cennection, the NCR has accompli­
she• the fellewiar: 

The eFta9lishment needs •f the Unit were defined and the pr•ject 

"Esta9lisluaent •f a Celluleue C1leaistry anli Techn~logy Research Unit" 

was •f!icially inclu•e• as eae of ~~e DeYelopment Projects of NCR 

incerperatea iA tae Six Years Plan !er Econemic and Social De~elopment 

•! tae Sudan (1977/78-1982/83). 

A detaile& study pr•cra .. e ceaceraing the utilizatien •f se•e Sudan­

ese acricultural residues was prepared •1 tlle Unit in censultatioA with 

researchers frem tae Cellulese ana Paper La9eratery of the Natienal 

Researca CeDter in Ecn>t. Tke programme was appreYea 9y tae NCR o! 

Suaan aati the Ecypti&ll AcMdemy et Science and Tecan•l•gy within the 

ceneral programme o! Scientific and Technical Co-operation iet~een the 
two institution~. 
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The Directer •f the Unit has 9e~~ appoint8u in 1981 and twe ether 

specialists haTe 9een sent en ~ 2-year mission to the U.K. !or M.Sc. 

graduatien in Cellulese Chemistry and Tec.ilnelogy. A thira researcker 

with a M.Sc. degree in Paper Technelegy is on the staff. 

A part o! the necessary equipment and classwares fer cenducting the 
research werk at tbe Unit ass already 9een purchc.sed. 

Feur temperary le9eratery 9uildinss haTe 9een esta•lishea !er tke 

U~it te cemmence its research actiTities. Total area is 130 m2 ana All 

extensien of at le•st 4o m2 will 9e added in 1982. 

Esta9lisament •f •Research Cemmittee ef seme prefessers an.a 
researcaers !rem the UniTersity ef Khartoum aAd ether Reseaxch Instit­

utieas te ce-ercinate and meniter the actiTities •f the Unit. 

The project was submitted to the UNIFSTD in 1980 requesting for financing 

and on 20 Fe9ruary 1982, the Prejeet Ne. ST/SUD/82/001 "Cellulose 

Chemistry anJ Technel•cy Research UDit" CCTRU was finally appreTed 

and signea ly representatiTes •! tae GeTernment ~r the Sudan, the 

Executing Agency (UNIDO) and tae United Natiens Financing System fer 

Science and TechA•l•gy !er DeTelep•en~ (UNIFSTD). The duration •f the 

Preject is 2 years frem May 1982 te Hay 1984. Tke GoTerJU11ent input is 

estimated at ~.264,404 wkile the UNIFSTD input will 9e US$ 647,000. 

Tke DeTelepment 09jectiTea ef tae Project are: 

To etrencthen and promote in•ustries through utilizatien o! 
•cricultural ana ferest residues. 

Te strenctken inQigenous scientific and teclin•l•cical capacity in the 

a.rea e! Cellulese Cae•iatry and Tec!tnolegy Tia support !er tke creatien, 

adaptation er applicatien •f tecllnelegy in the Natienal Develepment Plan. 
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Tae main i111J1eaiate e9jectiT~ •! the preject is the esta9lisament ef 
~-- -- - -- - -----

Cellulose Chemistry ana Teclul•l•gy Researca Unit and con&uctin' scientific 

and teclul•l•sical researca werk en demestic fi9reus raw materials wita tke 

aim of !indinc the 9est ecenomic use ef them. ~his woula •elp in: 

assisting tae GeTernaent in formulating its policies cencerning the 

utilizatien •f ferest and agricultural resiaues in industry and agricul-

ture. 

a&Tising tae inaustrial secter en assessment, selectien, acquisitien 

and aaaptation •f fereign tecan•l•SY ana expertise. 

ferming a Naiienal trainea cadre in the field of cellulese caemistrJ" 

and tecsn•l•SY t• serYe ••ta tae Unit and tae industry. 

aaking aTaila9le te agricultural and industrial seeters pertinent 

information ana !inaings •f research ef the Unit t• premete and i•pr•Te 

their deTelopment actiYitiea. 
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PROJECT WORK PLAN 

On 5 and 7 August 1982, two meetings were held at the UNDP office 

and the NCR to discuss and review the project work plan in light of the 

prevailing conditions. 

Present were: 

Mr. A. A. El Agi8 

Mr. Abdel Magied Hassan 

Dr. Suleiman Gabir 

Dr. Paavo Harju 

Dr. Hassan Ibrahim 

Mr. Jey T. Jeyasingam 

Director, CSTR 

Principal Programme Adviser, 

UN IFS TD 

Director, CCTRU 

SIDFA, UNDP/UNIDO 

Consultant,UNIDO 

Pulp & Paper Expe~t, UNIDO 

The outcome of the two meetings and the conclusions reached 

were as follows: 

l. Project Schedul~ 

As the first UNIDO Expert arrived in Khartoum in June, it was 

agreed to reschedule the entire project to start from l Jane (instead 

of May) 1982 and to end on 31 May 1984. 

2. Ordering and Delivery of Equipment, Apparatuses, Glasswares, 

Chemic~ls and Books, etc. 

In the original schedule, it was presumed the delivery of the 

above would be made on the basis of surface transport. It is considered 

this will delay the start of research work of the Unit. It has, 

therefore, been recommended that light and urgently needed eauipment, 

test instrument, glasswares, chemicals and books sh~uld be shipped air 
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cargo to start the work early on the project. 

The air cargo is justified on account of saving time and avoid­

ing damage of such fragile items through surface tran~port. The heavy 

equipment such as briquetting machine, fi&er board press, etc. could 

be delivered by surface transport. 

3. Purchase of Vehicles 

In t.he original A'ork plan it was scheduled the purchase of 

vehic~es would 9e completed within the first two months. It is now 

foreseen t!at the vehicles to De purchased through UNIDO would be avail­

able to the projec~ in at least 6 months i.e. by end of November 1982. 

Because of transport problems seriously affectin~ the ~reject, 

it was air.reed that a car f'rom the UNDP or UNDP project will 8e made 

available for this project till the arrival of the vehicles of the 

project. 

4. Study Tours 

The ori~inaJ. schedule shows there is a provision of 7 m/m for 

the study tours for the National Director and the Chief Investig~tor. 

The Chief Investigator is not presently available, and it is not 

expected that he will be appointed dnring the perio;l when the full 

project programme is in effect~ In consequence, the study tours will 

be available only to the National Director. It is also noted the 

Dudgetted amount o! US 3 21,000 does not cover the expenses for study 

toura o! 7 m/m. Accordingly, this should be adjusted to 2-3 m/m as 

shown in the revised bar chart. 
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5. Availanility cf Personnel and Followship Training 

The original prugramme indicates four nationals are to De trained 

overseas for a 5-month period in the various specialized fields who will 

then form the 9asic structure of the research team of the Unit. It is 

recommended the said 4 nationals should have academic backg:;:ound as 

follow a: 

- 2 Chemists 

1 Chemical engineer 

- l Agriculture e~gineer 

for pulp and paper and ... hemical 
products 

for energy 

for animal feed and fertilizer 

Due to the cu~rent difficulty in the recruitment of 4 nation•ls 

by the NCR, this recruitment ~ill be spread out as two !or 1982 and 

two for 19a3. It is now planned to send U.e first 'batch of two research 

assistants for overseas training of 5 months as follows: 

- Egypt 

- USA & other 

2 mo~:.ths 

3 mo~·,ths 

4 m/m 

6 m/m 

The second batch of research assiecants that would be made 

available in 1983 would have reduced overt~eaa training of 3 months 

because at this time the rese1U·ch facili t:~ es are expected to be avail­

a8le iu Sudan and training would be split as follows: 

- Egypt 

- US/ and other 

1 llDn th 

2 months 

2 m/m 

4 m/m 

As a result of the training i'ldicated above, 16 m/m will ie 

utilized leaving a surplus of 4 11/m oversees training for the two 

technicians who are already availa9le nr.w 1.nd have no laboratory 

facilities availe.'bJ.e !or training. The training for these two tech­

nicians will be provided in Egypt for a pe:.'.'iod of two months. It is 
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therefore expected the entire 20 m/m overseas &raining £5 originally 

planned will D~ used up as indicated above. Prior to ov~rseas training 

it is planned to provide the trainees with a theoretical local training 

on tre scientific and technological aspects of cellulose chemistry and 

technology. 

6. Extenai6n of Laboratory Building 

It is scheduled to complete the ~xtension of the laboratory dur­

ing the period July - November 1982. The Actual. work on the extension 

was started early August and it is now expected the building will be 

complet~d with the required facilities 9y the end of November 1982. 

The existing laboratory has no adequate water supply and it is 

now planned to provid~ an underground tank and a lift pump within the 

next two months. 

It is reported that there is no proDlem with ~:ectricity supply. 

Compressed air is needed 9ut no provision has been made in the 9udget. 

Efforts will ~herefore be made to squeeze out some money for tLis purpose 

while evaluating o:fers recei~ed for non-expendable equipment. 

7. Office Staff, La9oratory Attendants and Drivers 

It has 9een a3reed by the Directors of both CSTR and CCTRU that 

a suitable typist and secretary would be provided for the p1·oject as 

planned in aDout month time. 

Provision is made for one laboratory attendWlt and it ia now 

recommended that two are required. 

The two drivers for the two project vehicles will be made avail­

able by th.t NCR as soon as the vehicles s_re made availaile to th.? Project. 
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8. Consultant 

The Consultant started on the preparation of the revised pro­

gramme on 1 Au~ust and his mission is expected to be completed by the 

end of September 1982. The return missions are now rescheduled for 

Decem9er 1982, July 1983 8.!ld April - May 1984. 

9. ~ulp and Paper Expert 

It is noted that the wor~ programme of the Pulp and Paper 

Expert extends to 24 months as per bar chart. However, the budget has 

been only for 18 m/m. Accordingly it was agreed that the WQrk of the 

Pulp and Paper Expert will De for 18 m/m from June 1982 to November 

1983 as shown in the revised chart. 

10. Review Meeti~ 

It is noted the re·tiew meeting originally scheduled for June 

1983 could be rescheduled for Jilly 1983 due to a one month delay in 

the start of the project~ 

11. Revised Work Plan 

Tht revised work plan is as Anne~ II and the original work 

plan suimitted witn the project document ia as per Annex I. 

As a result of the above discussion, it is now planned as 

alreody stated aiove to start tho research activities with 4 research 

assistants and 2 technicians. It is foreseen that the CCTRU of the 

NCR will keep on adding the required research personnel as planned in 

the original project document. 
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WORK PLAN AND ACTIVITIES OF THE CONSULTANT 

After briefing iu Vienna on 2 August and in K~artou.m on 4 August, 

the Consultant ~ut a work plan for his firvt mission (August Se~temaer 

1982) co~sistent with the main duties of his job as follows: 

l. Formulating a programme of action for the activities of the Unit. 

2. Formulating detailed research programme on the utilization of 

wood and agricultural residue~ in the fieldu of: 

pulp, paper and fiber board production 

energy usage 

animal feed 

possi9le feed stocks for chemicals and ferilizer p~oduction. 

3. Advising on the equipment and test instrumente to be 9ought 

under the project. 

4. Suggesting a programme for study tours and training of personnel. 

5. When necessary organizing technical co-operation between the Unit 

and Research Units in Egypt. 

In addition to the above-mentioned duties, the Consultant has 

found it useful to further his activities to include the following: 

6. Visiting the National Research Institutions in Sudan to organize 

scientific and technological co-operation between the Unit 

(CCTRU) and the Research Institutions. 

7. Visiting the Paper and Board and Sugar Mills in Sudan to organize 

technical co-operation •etween the Unit and the Milla. 

8. A Crash Course for Training the r~search personnel at the Unit. 

9. Seminar for the Research Committee of the Unit. 
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PROGRAMME OF ACTION FOR TIE A~TIVITIES 

OF THE UNIT 

The progralllte of action for the activities of the Unit through 

thP. two-year duration or the Project will comprise the following: 

1. Specifying and pror11rement of the vehicles, equipment, apparatuses, 

glasswares, chemicals and 9ooks, etc. 

2. Extension nf the laDoratories and furnishing them with the required 

utilities such as ~ater, electricity, compressed air, etc. 

3. Installation of the equipment and apparatuses, calibration and 

operation. 

4. Training of the research personnel both locally and cverseas. 

5. Study tours for the D~rector cf the Unit. 

6. Conducting research work on the utilization of wood and agricul­

tural residues for: 

pages. 

Pulp, paper, and board production 

Energy 

Anim.a.l feed 
Feed stocks for chemicala and fertilizers. 

These activities will ae discussed in detail in the following 
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EQUIPME.~T AND APPARATUSES FOR CCTRU 

Reviewing the Project activities and the research work needed as 

well as the equipment end apparatuses lists already ordered before his 

arrival in Khartoum, the Consultant has found it necessary to add some 

other equipment and apparatuses required for conducting the research 

work as stipulated in the Project. 

Of these equip~ent and apparatuses are for i~stan~e: 

A chopping machine: for reducing the straws, canes, a.ad stalks 

(agricultural residues) to short lengths suitable for pulping or 

chemical treatment 

A laboratory wood chipper: for reducing the wood to chip~ suitable 

for pulping 

A grinding machine: for grinding 9oth wood and agricultural 

residues into small particles for aniwal feed trials and c' 

treatments 

A laboratory pulper: for defibration of pulp 

A laboratory strain~r: for screening of pulp 

A sizing tester~ for testing the water resistPnce of paper and 

paperboard 

Puncture tester and crush tester: for testing the paperboard, 

liner, fluting, corrugated board, small packages, etc. 

A list of the main equipment ~d apparatuses to be ordered for 

CCTRU is given in Annex III. 
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CCTRu LABORATORIES 

The existing four temporary buildings with a total area of 

approximately 122 m2 estahlished for the Unit to co11121ence its research 

activities are not adequate for the research and testing facilities. 

Therefore, it was decided to add an extension of at least 40 m2• 

However, the minimum requirement for establishing a research 

unit to carry out the research work needed for the Project was defined 

by the Consultant to comprise: 

1 Raw material preparaticn and storage room 

1 Chemical la~cratory: for chemical analysis of the raw 

materials, pulp, paper, and board, 

1 Digester room: for cooking the raw materials and pulp 

treatment 

1 Wet laboratory (Beater room): for beating the pulp and 

making hand sheets and !i9er classification, etc. 

1 Physical laboratory: for testing the pulp hand sheets, 

paper and board 

2 Offices: for the research staff. 

As a result, the NCR has agreed to extend the existing labor-
2 

atory buildings DY approximately 97 m • The new extension will 
"') 

comprise the raw material preparation room (49.5 m~), the digester 

room (14.3 m2) and the beater room (3).2 m
2

) while the e•isting four 

auildings will oe for the chemical laboratory (52.3 m2), the physical 

laboratory (27.l m2 ) and two offices (42.4 m2). 
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The t~tal area of the laboratories and offices after extension 

will be approximately 220m
2 which is quite adequate for the research 

activities of the Unit. 

The new arrangement of the laboratory buildings after extension 
is shown in Annex IV. 

Actually, the extension of the laboratory buildings was started 

in early August and is going on actively to 8e completed before the end 

of November 1982 aa planned in the Project. 

STUDY TOURS AND FELI/.r.vs:SIPS TRAINING 

A- Study Tcturs 

It is recommended that the stuiy tours for the Director of 

the Unit will be for 3 months splitted in 3 tours as follows: 

1. First Study Tour (January 1983) 

Thia tour will be for Egypt, India, and China (Developing 

Countries) to visit mills and research instit~tions working in the 
field of: 

-· Pulp, paper and fiber board from agricultural residues such 

as straws, bagasse, stalks and other nonwood plant fibers 

such as bamboo, reed, grasses, etc. 

- Energy (biogas, ethanol). 

- Animal feed from agricultural residues. 

- Fertilizers from organic wastes. 
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2. Second Study Tour (August 1983) 

The tour will cover visits to mills and research institutions 

in ~est Germany, lolland and the USA (Developed Countries) to study 

the various t~chnologies and research activities in the field of: 

- ~ulp, p~per, and paper board from wood (softwood and hardwood) 

- Juilding Doards (lnsulating board, medium-density 9oard, 

hardDoard and particle 9oard, etc3). 

- Energy (gasification, pyrolysis, liquefaction, briquetting, 

ethanol production, etc.) 

- Animal feed from wood and agricultural residues 

- Recovery of chemicals and energy from pulp mills waste liquors. 

3. Third Study Tour (March l9a4) 

This tour will 9e !or the Soviet Union, Romania, and U.K. to 

visit mills and reeearch institutions for studying: 

- Pulp, paper, paper board and building boards from cotton stalks, 

reeds, esparto, and others 

- Feed 5tock for chemicals. 

- Animal feed from wood and agricultural residues. 

B- Fellowships Training 

In the Project, there is a provision of 20 m/m fellowships 

training for the research personnel of the Unit. It is suggested to 

distribute the fellowships training as follows: 
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l. First Mission {4 m/m) 

This will 9e fo~ two technicians for 2-month training in Egypt 

through November - Decemeer 1982. The technicians will 8~ mainly 

trained at the research laboratories and pilot plant of the General 

Company for Paper Industry "RAKTA", Tabia, Alexandria. The train­

ing will include all che•ical. analyP~s and physical testing of 

fibrous raw materials, pulp, paper, and paper board from agricultural 

residues such as rice straw, reed, bagasae, cotton stalks, etc. 

Pulping, bleaching and paper making will also be studied. In addition, 

there will be visits to other pulp, paper, paper 8oard and 9uilding 

boards mills in the country such as: 

- The National Paper Co., Alexandria (Industrial packaging 

paper and ioard from waste paper, straw pulp and wood pulp). 

- Moharr~m Pres Co., Alexandria (Converting Factory). 

- Verta Co., Alexandria (Converting Factory). 

- El Nasr Co. for Particle Board and Itesins, Mansoura, 

(Board from flax shives) 

- El Nasr Co. for lardboard, Faraskour. 

(~oe.rd from rice straw). 

- Sugar Co. 

- Pulp Mill, Edfu (pulp from bagasse) 

- Particle loard Mill, Kom Ombo (Board from bagasse) 

- Ethanol and Chemfcals J'actory, lawamdia. 

- A9is Experimental Station, Department of Animal Nutrition, 

Faculty of Agriculture, Alexandria University, Alexandria 

(Animal feed from agricultural residues). 
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2. Second .Mission (10 m/m) 

For two research assistan~a to be overseaa trained for a 5-month 

period through March - July 1983. The missio~ will oe splitted into 

2-month training in Egypt ant• 3-months in the 'USA. 

In Egypt, the training will be in the same above-mentioned mills 

and research institutions. 

In the U 1 A, training of the research assistants will be mainly 

in the laboratories of " Fibrous Products Research, Northern Region 

Research Center, Acricultural Research Service", Peoria, Illinois 

with visits to the "Institute of Paper Chemistry'', Appleton, Wisconsin 

and mills of pulp, paper, and board. Research institutions for ~nergy, 

animal feed and feedstocks will be visited. 

3. Third Mission (6 m/m) 

This will be for the other two research assistants to ne trained 

for 3-month period through September - November 1983. The same 

training course as mentioned above for the second mission will be 

followed but will be reduced to one month in Egypt and two months in 

U S A. 
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RESEABCI PROGRAMME FOR CCTRU 

It is to ~e aeted that the research pregramm~ of the ijnit encomp­

asses a wide raage of research activities that would be difficult to 

achieve with the research facilities availaile for the UDit. The iudget 

for the equipment is li•ited to US $ 397,000 which ~ill hardly cuver the 

expendaale and non-expendaile equipment requi~ed for the research . ork on 

pulp. paper and board. On the other hand, the r~search work needed for 

Eneegy Usage, Ani•al Feed and Fertilizers would require other specific 

equipment as for instance iiogas digester, gasifier, pyrolyser, etc. 

which would not De available for the Unit at least in its first stage of 

activity. 

It would, therefore, De suggested that the research work ne~ded 

for energy, animal feed and fertilizer is to ie done jointly with other 

specialized ReseArch Institutions such as the Energy Research Institute 

(NCR), the Depart•ent of Chemical Engineering - Faculty of Engineering, 

The Department of Animal Production - Faculty ~f Agriculture, University 

of Khartoum, and the Industrial Research and Consultancy Institute, 

Ministry of Industry, etc. wLere there may ie found the required resea­

rch facilities and expertise. 

In the following, the oijectives and scope of the research 

progrB.llJle will ie discussed. 

A- Fi•rous Raw Materials in Sudan 

1. Wood 

Up to the present time there is not enough data availa9le oa 

the stock and stand of the !orestei area of SudaJJ.. 
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Land use in Sudan is shown in Ta9le I, Annex V ar.d indicates 

that forest land was estimated in the FAO Production Year !ook 1971, at 

91,500,000 hectars and in the wl'I, 1970, at 110,334,000 ha. It will be 

noted that the gr~ateat area of productive forest lies in the high rain­

fall region of the woodland savanna which extends into most parts of 

Jahr El Ghazal and Equatori& in the extreme South-west of the country. 

The species encountered here are Khaya senega1ensis (Mahog&lly), Iso9er­

linia doka (Yuba) and Anogeifsus leiocarpus (scha1g) wher€ the rainfa11 

is under 1300 lllll per yea: and Terminalia g1aucescene, Alizia Zygia and 

Vitex donia.na in areas having greater t~an 1300 llll of rainfall annually. 

The FWI 1970 indicates that approx. 10,600,000 ha have ieen inventories, 

the majority ~y aerial reconnaissance survey. 

1.1. Sawn Tim9er 

In FAO Report No. 1291, J.K. Jackson (1960) proYides some very 

rough figures on the availability of sawn timber from all potential 

sources in Sudan. Ta9le II, Annex VI shows the estimated annual 

yield of sawn timber and indicates that about 80% of the total volume 

of 155,000 m3 annually is Isoberlinia spp. (Vu9a) which is mainly 

suita9le for railway sleepers ~ut considered rather inf~rior for other 

purposes. 

It is reported that investigations have not been •ade on any 

significant scale of the species occuring in Sudan. Even if such work 

is carried out on sasples of individual species, it is also necessary 

to deter~ine the mixture o! these species in the forest and to pulp 

samples of the mixtures to determine the characteristics o! the hard­

~ood pulp o9tained. 
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1.2. Afforestation in Sudan 

The Forest Depa?"taent of the Ministry of Agriculture of Sudan 

administers the afforestation programme of the country. Plantings 

have mainly consisted of Sunt (nilotica), Neem (Azadirachta indica), 

Indera9 (Cordia A9ysainica), Eucalyptus um9elata and E. microthe~a, 

Mahogany (Khaya senegal.ensis) and two varieties of •aa9oo (Oxyten­

anthera a9yssinica) and (Ba119usa vulgaris). 

At Ed Damazin, near Roseires Daa, !lue Nile Provine~, 150,000 

feddans are 9eing planted in Eucalyptus en<i llam9oo. TherP. are also 

plantations of Pinua varieties in the Emerson Mountains, in the 

South East Equatorial Province, on the border with Uganda. In Gebl 

Mara, in tae West, there is an afforested area of 3,500 feddans of 

Cypress and Pine of varieties 9oth Radiata and Petula. The trial 

plantations in the South and South West Sudan are in areas of average 

annual rainfall of a9out 600 mm. 

Because of the rem~teness of these areas from the populated 

areas of Suda.A, experimental plantatio~s dependin& upon irrigation 

have 8een esta~lished in the Green lelt area near Khartoum. Irrig­

ation water of 800 •3/feddan/month is required. 

2. Non\/.Jod 

Nonwoody plants comprise a wide variety of fi9roue materials 
such as: 

2.1. Bui9oo, reed, papyrus, esparto, etc. and 

2.2. Agricultural residues as straws, canes and stalks etc. 

The quantity of acricultural residues available in Sudan are 

fairly well known. Ta9le 3 shows the ~uantities of the maia acricultursl 
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residues for the year 1973/'/9. The data indicate that more than 10 

million tons of asricul tural residues are p:r·oduced annually. The 

largest residues are those of sorghum and cotton stalks followed by 

groundnut shells and wheat straw. Rice straw is of less importance and 

bagasse is mostly used as fuel for sugar factories. 

I. Pulp, Paper and Paper9oard 

The o9je~tives and &cope of the research work to ie done ia 
this field are: 

l. Analytical Evaluation of Indigenous Fi~rous Raw Materials 

For their 1otential. as a source of paper making pulp. 

Included in the evaluation of the plants are their: 

1.1. !otanical Characteristics (Morphological and A~atomical structure) 

1.2. Density 

1.3. Chemical Composition (ash, silica, extractivas, lignin, 

hemicelluloses, and alpha-cellulose contents) 

1.4. Dimensional Measurements of Fi9rous Constituents (Fi9er length 

and width and fi9er wall thickness, etc.) 

1.5. Yield after Sodium Chlorite Maceration. 

2. La9oratory - Scale Pulping Studies 

2.1. To evaluate the !iirous raw materials as pulp sources, the 

conventional pulping processes namely the Soda, the Sulfate 

(Kraft) and the Sulfite processes will ie applied. The pulping 

variailes (chemic~l ratio, liquor/solid ratio, temperature and 

time) will ie studied in order to determine the optimum conditions 
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!Dr pulping each raw material. 

Thermomechanical and chemi-mechanical processes for the pr~duction 

of high-yield pulp will De investigated. 

Non-conventional pu~?jug processes such as the Soda-oxygen, the 

soda-anthraquinone and the nitric acid-alkali processes w~.ll also 

ie tried. 

2.2. !leaching Characteristics of the oitained pulps will 9e studied 

woing different '9leachb.g chemicals and seqnences. 

2.3. Jeating and Drainage Characteristics of PuJ.ps 

(unbleached and bleached). 

2.4. Physical - Strength Characteristics of Pulp Iand-sheeta 

(unieaten and ieaten pulp) such as brightness, porosity, iulk / 

density, tensile strength, iurst strength, tear resistance, fold­

ing endurance, stiffness, etc. 

2.5. Evaluation of fibrous raw materials as pulp sources will ie eased 

on: 

Pulp ;rield 

Che~ical coaeuaption in cooking and ileaching 

Initial and ieaten freeness and drainage characteristics 

Permanganate values 

Physical and strength characteristics. 

3. Paper and ioard Making 

Pilot Plant trials for making different grades of paper and 

paperioard from the pulps obtained will be made for evaluating the 

quality of paper ind paperboard in accordance with the international 

specifications of ouch grades. 
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C- Cunstruction !oards (luilding & Structural Boards) 

These are products used moth in Duilding construction and for 

furniture and other manufactured items. They include: 

l. Fi8rous-Felted loerds, either aomogenous or laminated 

1.1. Structural insulating 8oards: density 10 to 26 la/rt
3 

including 

boards with specially fa9ricated facts for sound reflectance 

suppression {acoustjcal ~oards) 

1.2. Medium - deD&ity 9uilding fiber-8oards: 

density 26 to 50 la/rt3 

densit1 50 to 80 lb/ft3 

2 Allied Boa!'d Materials 

2.1. Gypsus ~oard, gypsUll faced with paper 

2.2. Automotive panel boards 
2.3. Others, such as as9estos wall board, paper overlaid veLeer, etc. 

3. Particle loard 

GeDeral properties required for these 8oards are permanence, 

str1~~tural stiffness and stre~gth, and sometimes additional properties 

like heat insulation, sound insulation, resistance to flame spread or 

fire, !llld resistance to decay, funci, insects and vermin. 

They are generally preferred -~o solid sawn timber in that they 

are more uniform in structure, free from knots and pores, and Call 8e 

made in any required size, thickness and density. 
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The objectives of the research work needed are: 

l. To study the technical suitability of various indigenous wood spe­

cies and agricultural residueo for the manufacture of building 

and structural boards of different types. 

2. To study the dif¥erent variables affecting the quality of the 

board such as: 

The particle geometry 

The type of iinder or glue 

The ratio of binder / raw material 

3. To study the effect of other aaditives and treatments imparting 

specific propErtiea to the boards like resistttnce to flame 

spread or fire or resistance to decay, fungi, insects and vermin. 

4. Evaluation of the chemical and phyaical - mechanical properties 

of the boards. 

D- Chemicals from Indigenous Wood 

~d Agricultural Residues. 

Wood and agricultural residues are rich sources of chemicals. 

Amons the commodities that could ie derived from wood and agricultural 

residues and wh~ch deserve study and investigation at the CCTRU are 

the following: 

l. Extraction of gum for use as adhesive or binder in paper and 

board products. 

2. Extraction of vegetaile tannina for use as tanning agents for 

leather. 
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3. Prehydrolysis of hardwoods and agricultural residues to produce a 

pentose - rich fraction which could be concentrated to mollaases -

like consi~tency (65% solids) to 9e used as animal feed. 
•f 

4~ Preparation furfural 9y acid treatment of pentose sugars derived from 
A 

agricultural wastes such as corn cobs, grain hulls or sugar cane 

bagasse. 

5. Fermentation of hexoses to Ethanol. 

6. Poly phenolica (Sul!onated) to be used as oil well drilling mud 

additives and as dispersants. 

7. Phenolic adhesive components 

8. Careoxymethyl cellulose and other cellulose derivatives. 

E- Energy from Wood and Agricultural Residues 

It is well known that with rising demand for fuels and reduced 

supplies, economic and social growth will depend on more efficient use 

of traditional fuels, 9etter management of natural resources and wide­

spread substitution of alternative fuels. 

Sudan like most other developing countries rely on wood and 

agricultural residues and animal and human power to meet most of their 

basic energy needs. lowever, in Sudan the problem of fuel shortage is 

more acute and adversely effects its economic and social development. 

If additional energy sources were more readily availa9le, agricultural 

and industrial output could be significantly increased. 
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Wood and agricultural residues as energy s~urces resemble con­

ventional fuels i~ that they vary in chemical composition, density, 

he&ting value aad other properties. The composition of certain agricult­

ural wastes is similar in many respects to coal except that the wastes 

have a higher moisture content and oxygen content and lower sulfur level. 

Gaseous, liq~ld and solid fuels can all be produced from organic 

wastes. The two general approaches available for the conversion of 

wastes to fuel are 9iological and thermochemical. iiological. methods 

include the production of 'liogas and ethanol. T~ermochemical methods 

involve combustion, gasification, pyrolysis to oil, char and gases and 

liquefaction to oils. 

l. liological Production of Methane (Biogas) 

Methane (biogas) production from agricultural, animal and human 

wastes is well known and 9eing practiced in several developing countries. 

In Sudan, trials for 9iological production of 9iogas from water 

plants 9egan in 1976 under the German Sudanese Friendship Programme for 

combating the River Nile water plants. The trials started with small 

batch biogas generating units and then developeu into larger continuous 

units of ·the Indian and Chinese - style. It is claimed that the trials 

are promising. These trials are leing followed-up and evaluated DY 

specialists from the Plant Protection Department of the Ministry of 

Agriculture and the Energy Research Institute of the NCR. 

2. liological Production of Ethanol 

The production of ethanol for fuel use is receiving much 

attention. Ethanol processing from sugar or starch-oased wastes is 

simpler than from cellulose. In the conversion of cellulose to ethanol 
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the cellulose must first be hydrolyzed to glucose 9y either enzymatic or 

acid hydrolysis. 

Whether the original waste contains starch or cell.ulose and 

requires conversion to sugar before fermentation, or whether it contains 

sugar to begin with, the final step in convertlng these materials to 

ethanol is essentially the same. This involves the dilution, acidific­

ation and fermentation of the material using a selected strain of yeast. 

After fermentation, the mixture is distilled into alcohol and stillage. 

The stillage could be used as cattle feed. 

3. 3asification 

Ieating the wood and agricultural wastes with a limited amount 

of air (less than needed for complete combustion) can convert su9stant­

ially all the organic matter into gas of a low heat value. This gas can 

be used for crop or lum9er drying, firing 9oilers for steam ana power 

generation or powering diesel or spark engines. Gasification is parti­

cularly suitable for agro-industrial use where relatively dry wastes 

(20% or less moisture content) are availaDle. 

Gas generat•ra have been designed and operated with almost 

every conceivable form of waste cellulose including wood chips, saw dust, 

cocoanut husks, rice hulls, straw, dung, groundnut shells, and maize 

residues. Energy efficiency is a8out 85~, i.e. about 85% of the energy 

contained in the solid waste is recovered in the gas produced. 

Gasification is particularly attractive as a powwr source for 

agro-industrial processing where the cellulose we.tea are available and 

represent a disposal problem as in the case of cotton stalks in Sudan. 
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4. Pyrolysis 

Pyrolysis is heating the organic wastes in the absence of air to 

produce mixtures of solid, liquid, and gaseous fuels. 

In general, well over ~0% of the heat value of the waste is 

retained in the gas, liquid and char obtained but in a more useful form. 

A nU119er of agricultural and forestry wastes have been tested in 

pyrolytic studies. It has 9een reported that l ton of sun-dried wheat 

straw, heated to 500-600 c0
, could yield about 300 kg of char, 38 litres 

of a tarry oil and 2~0 m3 of gas. Cow manure,rice straw, pine 9ark, cot­

ton stalks, sorghum and maize stalks, groundnut shells, etc. could be 

pyrolyzed as well. 

In Sudan, at least 10 million tons of combustible wastes are 

produced each y~.'ll'. If pyrolyzed, considerable amounts of char, oils 

and gases could be produced. These could replace fuel oil currently 

used to power the domestic manufacturing equipment and ~ro-industrial 

complexes and help in solving the problem of fuel oil shortage. 

5· Liauefaction 

Liquefaction is the process of converting solid wastes to oils 

through heating the wastes at high temperature and pressure in the 

presence of a reactiTe gas such as hydrogen and carbon monoxide. 

Liquefaction is atill in the development stage and a number of 

research institutions in Europe and North A~erica are studying the 

liquefaction of organic wastes. Some interesting results were attained 

as for example, manure reacts with carbon monoxide at 84 kg/ca
2 

and 
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3~0 °c for 20 minutes to produce 570 litres of oil from l ton dry manure. 

In a process developed at the University of California, USA, an aqueous 

slurry containing 25% wood is acidified, and hydrolyzed at 8o0 c and 10 
Kg/cm2 to form an emulsion of wood sugars (hexoses and pentoses). This 

mixture is then reacted with a 50:50 mixture of carbon monoxide and 

hydrogen at 370°c and 210 Kg/cm2 to give 30 -35 Kg of a 36,500 Kj/Kg oil 

from 100 Kg wood. For co~parison, diesel oil is 45,600 KJ/KG. 

lowever, although oil could be produced from all organic wastes 

9y liquefaction, the raw materials differ in ease of conversion to oil. 
. of . 

The most easily converted materials consiated theae forms of cellulose 

having xylose units like corn cobs or having undergone consideraRle bio­

degradation such as feraentation residues. 

The research work needed for energy usage would inv·Jlve: 

l. Survey of the amount and locations of domestic wood and agricul-

tural residues and agro-industrici wastes availaele for conversion to 

energy. 

2. Characterisation of these raw materials by chemical analysis, 

elemental analysis, calorific value,Denzene extract, etc. 

3~ For biogas systems, evaluation of the different types of digest-

ers (gas generatore) under prevailing local conditions to Eelect the 

most appropriate, less costly and more durable system. 

4. For alcohol production\, more work is needed on simple systems 

to convert cellulose to sugars. Cellulose is 'he most abundant, 

lowest cost waste availa9le in Sudan and in most parts of the world. 

The economical conversion of cellulose to sugar will have a profound 

impact on the type and amoint of energy availaDle from renewa9le 

sources. 

5. For gasifir.ation and pyrolysis, evaluation of the various 

indigenous waste materials for their ease of conversion to ~as, 

liquid an.d solid fuel, energy efficienc~ and the economy of the 

process is required. 
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Froa Wocd and Agricultural Residues 

Doaestic animals generally subsist on crops and crop residueso 

The systematic use of roughages in the diets of all •uminant ani•als is a 

percept of colUlon multinational practice. Iigh fi8er feeds in the diets 

of cattle, sheep and goats and also in non-ruminants such as horses, 

swine and poultry is important. 

The cost and availaDility of conventional roughage feeds c.re 

quite varia9le, with climatic upsets and planting practices yielding 

temporary or long-term shortages in many areas of the world. The pressure 

to put pasture and hay acreage into grain and other food crops promises an 

even more serious and long:r term reduction in forage crop production. 

For many years it has Deen common practice to replace conventional 

roughages with lower quality wood and agricultural residues. Generally, 

this practice has led to decreased production of meat, lower yields of 

milk and poorer animal health. 

The~efore, it 9ecame necessary to develo? methods and techniques 

of treating, preparing and feeding wood and agricultural residues so that 

acceptable animal performance is the normal consequence. 

It has 'been found that the nutritional value of some of ~he resi­

dues, particularly straws, can be significantly improved through physical, 

chemical or Biological treatment. For example, grinding is a valuable 

me1U1s of improving the efficiency of utilization, especially 9y growing 

and lactat1ng animals, primarily through increasing their intake. Alkali 

treataent with sodium hydroxide, calcium hydroxide, or auonia was found 

to increase the digeeti9ility of atraw 9y 10 to 15 percentage point. 
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In the Sudan, a9out 92% of the animal wealth (Ta9le 4, Anne~ VIII) 

is nomadic and depends mainly on natural vegetation. With climatic upsets, 
the animal productivity 

quality and consequently is 
~ 

the natural vegetation varies in quantity and 

seriously af!ected. Also shortage of pasture for prolonged periods and lack 

of other feed supplem€~t often result in malnutrition and even starvation 

leading to high death rates. 

There!ore, supplementation of nomadic animals is essential to secure 

and develop the animal wealth in Sudan. Efficient utilization of the avail­

a9le wood and ~ricultural residues a~d agro-industrial wastes would improve 

the animal productivity. 

The o9jectives of the research work needed are: 

1. To determine the chemical composition of various domestic ~ood and 

agricultural residues. 

2. To assess the improvement of the feeding value of the residues 

through mechanical and chemical treatment. 

3. To carry ovt digestion trials to determine the digestible nutrient~ 

and the useful energy of the residues. 

4. To execute feeding trials to study the effect of varying levels of 

the residues on animal performance, milk yield and composition. 
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A CRA3K COURSE FOR TRAINING OF 

RESEARCI PERSONNEL AT THE UNIT 

A crash course for theoretical training of the two technicians of 

the Unit was given 9y ~he Consultant through his mission of August -

Septem9er 1982. 

The main topics of the course were: 

l. Morphological and anatomical. structure of wood and agricultural 

residues. 

2. Chemical composition of wood and agricultural residues. 

3. PrP.paration of fibrous raw materials for pulping. 

4. Pulping methode: soda, sulfate (Kraft) and sulfite. 

5. Pulp treatment. 

6. Bleaching of pulp. 

7. Pulp evaluation: chemical and physical. 

8. Pulp hand sheets, paper and paper board testing. 
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S~INAR 

On 16 Septem~er 1982, a Seminar was hela at the NCR for the 

Research Committee of the Unit. 

Presant were: 

Dr. Suleiman Gaber 

Dr. Tag El Sir Mustafa 

Dr. Aadel Shakour Awad El Karim 

Dr. Tag El Dien Iusaien Nasroun 

Dr. Mahaoud Aadel Magied Muglad 

Dr. Omar Fagiri 

Mr. Mohamed Ah.med Yousif 

Director of CCTRU 

Department of Chemical Ent;ineering, 

Faculty of Engineering, University of 

Khartoum. 

Dept~ of Chemical Engineering. 

Forest Research Institute, So9a, 

Khartoum. 

Dept. of Animal Production, Faculty 

of Agriculture, Univ. of Khartoum. 

Director of !uilding & Road Research 

Institute, Univ. of Khartoum. 

Ind!wtrial Research & Consultancy 

Institute, Ministry of Industry, 

Khartoum. 

The purpose of the Seminar was to discuss the oajectives of the 

Project and the research programme of the Unit. The discussions and 

exchange o! views a~ong the members of the Committee resulted in a fcuit­

ful cooperation aetween the Unit and the Research Institutions repreanted 

by the memaers of the Committ~e. 

As a result o! this cooperation, it was agreed to formulate the 

research programme in defined Research Projects to De jointly executed by 

the Unit and the Research Institutions. 
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Of these research projects are the following: 

Energy from Wood and Agricultu~!l.l. Residues 

Building ?oards from Wood and Agricultural Residues 

Animal Feed from Wood B.lld Agricu1tural Residues. 
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RECOMMENDATIONS 

1. Due to the wide range of research activities of the Unit in 

utilizing indigenous wood and agricultural residues for the pro­

duction of pulp, paper, paper9oard, building boards, energy, 

animal feed and fertilizers, cooper~tion between the Unit and the 

National Research Institutions in conducting research work in 

these fields is stron.gly recommended. This would help avoid dup­

lication of research work in the same field and strengthen the 

capabilities and team work of the national researchers. 

2. As the national paper and board and con·~erting factories 

lack quality control facilities, the Unit could serve as a 

ouality control laboratory for these factories by analyzing and 

testing their raw materials and end products to maintain and 

improve the quality of such products to the satisfaction of the 

customers. 

In addition, the Unit could help the National printing and 
national 

packaging industry in setting specifications for the imported 

paper and board and testing it in accordance with these specific­

ations. This would improve the performance of the printing Bnd 

the packaging industry SLd protect them against defected goods. 
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Paper Expert with 
research teams 

Return mission 
of the consultant 

PLAN 

Ordering + delivery 
of equipment, appara­
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ware, books etc. 
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Study tours 

Fellowships 
training 

Research activities: 

- A1;rnal feed 
- Fiber board 
- Energy/chemical 

feed stock 

Review meeting 

General activities: 

- Extension of lab 
bL.ilding 

- Availability of 
perscmnel 
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-41- ANNEX III 

List of Main Equipment and Apparatuses for CCTRU 

For Ra.,.. Material Preparation 

1. Chopping machine for agricultural residues 

2. Wood chipper for wood 

3. Grinding machine for wood and agricultural residues 

4. 

5. 

For 

1. 

2. 

For 

l. 

!riquettor 

T~chnj_cal ilalance 

Diges·ter Room 

Laboratory rotary digeater 

Laboratory strainer 

Wet l,aitorator:z: (Beater Room) 

Laboratory lydraulic Press 

VallE~y beater 

3. Pulp disintegrator 

4. ireeness tester 

5. Pulp mi ...... and sampler 

for ltinderfree briquettini of wood 

and non wood. 

range 0-120 Kg. 

for fiberboard 

6. !ritish u ndsheet machine with couch roll, drier plates, 

drier rings and ilotting paper 

7. land1:1heet press 

8. Drying oven 

9. Fibe~ classifier 

10. Tech11ical ialance 



D- For Physical Lahoratory 

1. Strip cutter 

2. Circular cutte~ 
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Range 0 - 120 g/m
2 

range 0 500 g/m
2 3. 

4. 

5. 
6. 

~uadrant scale 

~uadrant scai~ 

Tearing Templates: 
sample size lOxlO, 20x20, 20x25 cm 

Electric 9alance : 
range 0.1 - 180 g., accuracy t l mg 

7. Air conditioner for constant temp. (23°c) and relative humidity 

(5()%). 

8. Precision micrometer 
9. Brightness tester (type Photovolt or Elrepho) 

10. Sizing tester (type Cob9) 
ll ~endsten smoothness and porosity tester with accessories 

12. Folding endurance tester for paper (Type Schopper) 

13. Tensile strength tester for paper and paperboard (Type Schopper) 

with attachment devices for wet etrength tests and zero span 

tensile test 
14. Bursting strength tester for paper and Doard (Type Mullen) 

15. Tearing strength tester for paper (Type Elmendorf) 

16. Puncture tester for 9oe.rd (Type TMI) 
17. Crush tester for liner, fluting, corrugated beard, etc. 

18. Microscopic fi8er projector 
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E- For Chemical Laiotatory 

l. Vacuum drying-oven 

2. Water distillation apparatus: 

4o - 18o0 c for cellulose drying 

capacity 12 l/h 

3. Rotar; vacuum pump 

4. Water llath unit 

5. Laboratory PI meter 

6. La9oratory centrifuge 

7. Sieve shaker with wet 

screening 

8. •ottle shaker 

3 capacity 1.5 m /h, max. vacuum 

below 0.05 Torr 

with temp. regulation and cooling 

and time switch 

range 0-14 Pl, co~plete with 

buffer solu. 

max. speed 5000 rpm, with speed 

control, tachometer, ti~er 

0-60 min., electric brake, 

safety lid. 

Electromagnetic drive, Yariable 

villratjon, with 5 sieves and one 
pan, set of 5 sieves of mesh 

14, 30, 100, 200, 300 

9. Viscosimeter (TypE· Ioppler - falling ltall) 

10. Viscosimeter (Type Ostwald) 

11. Analytical ial8.llce 0-160 g. - 0.05 mg, single pan, digital 

12. 

13. 

14. 

15. 

16. 

Technical b~1Rnce 

Muffle furnace 

Platinum cruciable (2) 

Platinum dishes (2) 

Calorimeter 

Top pan weighing, range 0-1300 g. 

precision 

l000°C 

0.05 g. 

capacity 35 cm3 

capacity 50 cm3 

for deteraining calorific value of wood 

and agricultural residues. 
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ANNEX V 

Table l 

Land Use in the Sudan. 

Area 2 100 0 ha 

Land Use 
FAO Production WFI 19702 

Year mook 1971 1 

Ara9le land and land U11der 
permanent crop 7,000 7,700 

7; 

Permanent meadows and pastures 24,000-' 

Forest Blld other wooded areas 
ll0,334

4 (Forest land) 91,500 

Forest 28,749 

Open woodland 58,534 

Scru'b and irush land 23,051 

Other land 127,981 119,399 

Land area 237,600 237,503 

Total area 250,581 250,453 

l. Information from 1968 

2. Information from 1970 

3. Acacia short grass scrub 

4. Forest area include pastural land as the mode on animal tenure 

is nomadic. 
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ANNEX VI 

Table 2 

Eetisated Annual Yield of Sawn Timber 

in Sudan 

Species 

North Sudan 

Acacia nilotica 

Acacia albida 

Anogeiseus leiocarpus, 

Khaya seneaalensie, Cordia africana, etc 

South Sudan 

Khaya senegalansia (Mahogany) 

Daniella oliveri 

Isoberlinia spp. (Vuha) 

Khaya grandifoliola, etc 

Montana forests 

Other species (approx) 

Grand Total 

Estimated annual yield 
m3 

7,2oc 

5,000 

5,500 

2,500 

1,250 

128 1000 

800 

1,000 

4,000 

154,760 
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Table 3 

Main Agricultural Residues Available in Sudan 

Crop 1978/79 

Crop Planted area Production Agriculture 
feddan ton residue 

Sorghum 7,202,000 2,408,000 Stalks 

Cotton 1,036,000 407,000 Stalks 

Groundnuts 2,328,000 798,000 Shells 

Wheat 586,000 177,000 Straw 

Rice 20,000 10,000 Straw 

Sugaa c•ne 

- Geneid Factory 12,498 36,097 !agasse 

- N. lalfa " 20,383 64,1550 1Saga3S".l 

- Sennar " 6,000 18,177 Bagasse 

- Kenana " 27,660 Bagasse 

Grand total 

Source: Current Agricultural Statistics Vol. I No. 3 

ANNEX VI.I 

~uantity 
ton 

8,283,520 

1,036,oco 

279,300 

244,260 

15,000 

43,316 
77,820 

21,a12 

10,001,028 



Year 

1974 

1975 

1976 

1977 

1978 
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Animal Weal th in Sudan 

in 1000 heads 

Cattle 

14,720 

15,281 

15,367 

16,305 

17,299 

Sheep 

13,775 

14, 494 

16,222 

16,676 

17 ,143 

Source: Department of Agric. Economics, 

Goats 

10,707 

11,254 

11,300 

11,763 

12,246 

ANNEX VIII 

Camels 

2,750 

2,782 

2,361 

2,441 

2,524 

Ministry of Agriculture, Food and Natural Resources. 
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