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0 Introduction and Methdology, 

'The main objectives of a renewable energy as&sment, 

for the, Sudan are toass the potenilosera rnw 
* ''' 

able enIergy;' r,eso,urces'' solar., -wind, andlbibmass) identify, 
and analyze renewable energy project options' which 'could crea'te 
' positive impact on the,.Sudanese energy sector in the short

f the
tcreation i'-o - - - 
6 naional renewAle et-gyprogram which wilI. encsourage


the'autilization of appropriate renewable energytechAitog~ieste 
by addressing technical, economi/financial and institutio'najw 
is'sues. 

The as,sessment is primarily concerned with the, identi

fication ahd characterization of renewable energy projects 

which have the potential to displace imported petroleum pro

ducts resulting in substantial foreign exchange savings, and 

which would reduce critical defrestation rates around urban
 
and rural communities by displacing a substantial fractioxn
 

of the charcoal and firewood consumed in the Northern and
 
Eastern part of the country.
 

The assessment consists of thelfollowing five ph'ases:
 

Phase 1: Overview of Renewable Energy Activities
 

In this phase, a summary of renewable energy research,, 

development and demonstration activities is presented. In 

this context, in-country renewable energy documents and pub

.. experimental renewable energy stations
lications were re..iewed, 

meetings were conducted withseveral Sudane.e
 ...were visited d 

dand in-countr foreign renewable energy experts. 


Phase 2: Renewable Energy Resource Assessment
 

This phase identifies the magnitude, geographical dis

and temporal variation of available renewable energy~''tribution 

context, several in-country sources wereresouirces., In this 

reviewed ('data from meteorological stations, publicatins, etc) 
to develop three separate renewable energy data bases~,
 

* ...4% so as 
(solar, wind and bioinass)".
 

Phase 3: Preliminary Identification and Analysis of Renew
able Energy Combinations
 

In this phase, all combinations of resources, techno-'
 
end-uses which can be fully' integrated into. Sudanieselogies, and 

~' technical, 'economic, socio-cultural and institutional conditions, 

identified. These combinations which' were selected after
 are and re'so06rces,
a preliminary review of Sudan's basic energy n~eeds 

the basis of similar renewable energy resources
 ~ .' .are grouped on 


as follows:
 

1) Biomas's- Combinations''. 

- 'Improved charcoal kdIlns for1 charcoa]e production 

rural and'4ufor -(o g e 
inl industrial boilers 'l 
Ethanol pr'odtctioi' from sugar molasses 

y~'Cha rcoal'prodtictionfro m banana residlti 
Anaero6bic "dig'stion of animal resi Idues anfd 

urba householdahouseaol 

wa t r "hyacinths for. biogas p'oductionjfoT 
~ ~ ~ 

4rural ~c6'dking, aZnd l'ighti ing " 

",'on 
__________ rrd~ t 
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2) Wind Energy Combinations: 

rWindmills for water-pumping applications
 
ahWindmills for crop grinding

ewahle enprgy assessment 	 -. Windmills for electricit"'generation
tilof several renew-

ad biomlass), identify 3) Solar Energy Combinations: 
-

-' .. ~ 
Options which Could create 

Urgy sector in the sot:-	 Solar waterr heating for low-temperature commercial 
whlchwil h shos-or t-n '-	 and iniustrial applicationsi ns encourage Solar drying of agricultural products


ble wnlergy " - Solar stills for water desalination
technologies 
01cla and -	 Solar photovoltaic cells for remote small-scale 

.	 applications 

" oncerned with the ideltl-. 	 4) Hydra Combinations: 
'wable energy projects
 
imported petroleum pro- M
Micro and mini7-hydro plants for electricity
 
n exchange savinigs, and generation ,
tion rates around urban .	 ,"ll'" .! ./:'!:'' ':".substantial uractboa| These 	combinations were compared and screened according
 

il the Northern und 	 to the following parameters,
 

-Resourceavailability
 

ing fiv 'phases 
 Potentia imarket (number of potential end-users) r" 
- " ... .|i,. ,. ." - Economic viability (system capital and O&M costs,;': 


" Activities 	 system life,'energy production, cost of competing 

energy sucs 
renewable energy research, Socio-cultural impacts (especially for rural ap
1cs, Is presented, in plicatibrns) 
ergy) documents and pub;- -Existing Linfrastructure and technical capability 
renewable energy stations - macro-economic 'impacts (foreign exchange savings,

ted with several Sudanese 	 employ~iet generation, etc.) 

gy experts. -. Technology appropriateness (availability of local 
material's and labor) ' 

sCssment 
In order to guarantee the quality of this selection pro

. n ..de, geographical dis- css, several Sudanese and inc 
I rcnewabe errgy institutions invailable from 	private, academic and governmental


the R&OD of appropriate renewable energyytechn-country sources were 	 ivolvedn 
ratons"nP I cat ions etc) nologis, participated in the screening process and class
able eneg da ified the combinations according to their overall utili

zation and market potential. ' ' 
r
nd Analysis of Renew-	 Phase 4: Renewable Energy Project Identification:
 

This phase provides a detailed analysis of'several
"ons'of resources, ecre- 'renewable energy projectswhich have been selected in Phase 
ly Integrated into SdcnSe , ' .
3 as having the best potential for'utilization in Sudan
 

;d institutional conditions, oecflw i e a e d
 
iwere selected after Fo e pl
 

energy needs aid_resources,
 
enewable energy r sowrces: 1) Introduction, 'including project description,,
 

. : assessment,
- .".. , 	 . . " 2,..) resourcePro ject:: technical'andetc.p r o m n e ' ch-: rc e i tc 

3) Project esm aedost characterisics 
4) Economic analysis of the project (micro-analysis-

Archarroni prTodtigtion IRR-macro-analysis -charcoal, firewood and petroleum
stoves for lnd products displaced'
 

g,riurdcookl Implementation Issues
t orakIgrs tco 	 'and 
-5) institutional), (technical', economic/financialand market penetration estimates. 

bA'n h a'hrd'' 'Ol' 
Phase 5: Recommendations =or a National Renewable Energy 

gar mlassei ':Program 
aninLnt residues'' 
mal residues and ~ . A set of recommendations related to the creation ofa J 

A' production for national 'renewable energy program was developed. This prograr 
will encourage'he utilization of renewable energy by address

wood production ing technical,' economic/financiaI and .institutionaL issues 
'A A A 'A which Will'rhelP to overcome the obstaclas'limiting the in- ' 

A 2 'ro~ctioof 	 renew-rAA,,AA3A appropriate, low-cost, simply-desi'gned 
aberrg' techn'ologies~3 "''AA, 
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d'Solar;es gnit Refriger!ation:;aebotaTechni" A 
mntdttechnical, performance and co-Rt data, etc.) wagdeivefrom a review of several technical and economicfeasibility studies,'renewable energy reports, and meetingswith Sudanese and in-country foreign energy officials.

For the purpose of the report,' a simplified micro-economicvestofuanesIa e oreach enewable'energy c .Lr~flntifed.~The project' internal rate Of return was asimplified discount cash flow analysis which did not icueteanqjedepreciation and debt services, . . ..... 

h un asdoand olui:Q
C~-/moi'n poui
tested atthe Mechanical 

1vestyo Khrou)'' ,7 
hatum2'iXY

npr0j 

wi't NRS o FIine oin 1978,'foranothe,' 
agreementttwo Sudanese st 

' 

2.0Ph.Ds~20overview of Renewable Energy Activities: 
This section supunarizes -past,. present and future renew-able energy activities and projects in Sudan, The informatibnwas collected from various publications (see Appendix 1:'

list of references) an' meetings with several Sudanese officials'involved in the researn and development of,renewable energysources and technologies (see Appendix 2: list of people 
contacted). . .. '... 

"ir theifield of sol,SQFRETES,.solar thermal' putwere installedat Soba'IWj 

-hydlat-aamaI,0kmfosystems (thermalydra
vain l eakage inumeber' 

valve h g t hauea~w 
t he 

'Research In renewable energy sources in Sudan started uin 1955 at the Physics Department of the Universityof Khartoumwhere work on power generation and solar energy measurements 
was underway. At the same time, some 250 Australian windmillswere installed on boreholes inthe Gezira Province for pumping .....drinking water for dispersed small communities in the area. 
in 1.958, the Deprten o'ahaiclf-gieein a the 

Unvrsity of Khartoum began conducting research on solarwater heating, desalination and drying. Solar energy started :'ireceiving government support since 1970 with the establishment 
of the IJnstitute of Solar Energy, currently 'Institute 'of,' ''
Energy Researc, 'as part of the Sudanese Council for Scientific 

' 

As 'part of the, "sm.l-Sca 
Pumping systems" prbject, 
by the World Bank with te 
ru, three" hotovoltic 
Si p eHahcoPr 
tri.(30 km south ofKhar 

installed at Sobs (IER Te 
Energy Research is coordiJ 
Suda,. Technical and perf"four pumps are shown.in I 
courses and reser.ch work 

pc 'king,th e scf~rdepcth Mecoing lectizr ' 

4 

d Ta 
'n a Table 2.1 summarizes the research and development activitiesin various renewable energy sources (solar, wind and " biomass) which are currently underway (or would be inin Suda. f e a academic, and governmental institutions 

2.1 Solar rEnergy' ' 

' 

desalination, drying and
Universit'of Khartoum. 

' 

Two ...additionalsolar ene. 
studyi 

1) The UNIDO Solar Commur 
2. S l r n ra iUm 
SeveralSeveta solar energy projects are Underway at theInstitute of Energy Research, must of them in collaborationwiththe Mechanical Eqz inee Departjdent (University of10%)with theeringKhartoum). 'totalinstalled 

... 

' 

afari (North Kordofa: i 
National Research Councilinstallation of larphc 
energysystems for pumpir 
greaer tha lO' 1baciE 

, 

awater c 
Several flat plate collectorsusing galvanized steel tubes and absorber plates are 

being tested at the Mechanical Engineering Department(University of'Khartoum). 

, ' 

!will be produced b,
and electric energy storltelevision sets, refrigei 
fcie1982 e "r 
19''2. " 

Sb) SolarDesalination: Several solar stills '(4-6m2)are ng n ocations such as Shambat (Food -Research
Center), University of Khartoum (Tnstitute of EnergyResearch), and Wad Medani (Agricultural gesearch:Corp-oration) producing an average of I gal/m /day distilled ' 
water. A'pilot plant (40m 2)'had been operating since 'TV1975 at the Institute of Energy Research testing center 7In Soba (20 km south of Khartoum). The plant area is ' going to be extended to lOOm2 

. 'plant 

,i 

'' 

2) The German.'GTZ renewal'
in 1980) whic 'includes t 
'Pvsyte.(.5K;f at 
heating system t55m 2 

of 
the Maridi 1."'TheTh 

Bets (oeoby Pvc,
television pr_ .,'an'd I
gasification pl nts"intl" 

for the Kagelu 

'' 

'~ 

c) SolarDryn Several solar air dryers using flatplate collectos have been developed for processing ag-ricultural products: an indirect solar dryer is bperatingsuccessfully at Shambat (Food Research Center) and anexperimental direct solar dryer is being tested at, ' 

.i 

plati a oodprocessiy 

F'' ' ' U~LMDome. '" ''. 

~~t;_ A. 7V w!.~, 

r '~ '~ 7



d Sbl'ar, Ref rigeration: A solar refrigeration, unit 
dsge by-the Technical Univers-ty of Denmarki was 

fgrantedto the Institute of Energy Reserac in' . 
The,,unit, based on a~solid absorption syst~m using 
caC12 /ammonia, and poducing 40.Kg of ice/day, is being ~, ,:§~i 

tested'at fthe mechanical Engineerg er 

ve6Uyef h ofu) 

e) golar Water Pumping: An agreement was signed, 
with CNRS ofrFinance for four years in 1974 and ex
tended in 1978 for another four years. Under this 
agreemenst two Sudanesestudents are workingon their, 
Ph.Ds in the field ,ofesolar energy in France and two' 
SOFRETES5-solar thermal pumps of 1 KW capacity each, 
were installed at Soba6IER testing center) and at 
Hillat-Hamad'(90 kmfrom Khartoum) in 1977. Both 
systems (thermsal-hydraulic press type) stopped operating 
in 1979 due to a number of technical problems (safety 
valves, leakage in theboiler, gaskets) partly because
of the high t Zeperature and high salinityof the pumped 
water. 

' 

,An part of the "Small-Scale Solar Powered Irrigation 
Pumping Systems" project, funded by the UNDP and'executed 
by the World Bank with techncial consleilting services from 
Sir W. Halcrow& Partners and the Intermediate Technology' 
Group, three Photovoltaic (PV) pumps were installedat 
Butri(3O'km south of Khartoum) and on'ethermal pump was 

i~nstalled at o.a IER Testing e . Te Institute of 
Energy Research is coordinating all field t 'ials in 
Sudan. Technical and performance characteristics for thie 
four pumps,,are shown in Table 12.2. Lectures, training 
courses and reserach work in solar energy is also taking
place at the physics department (passive solar cooling, 
solar cooking, lectures on solar energy., etc) arnd at 
the Mechanical Engineering Department (solar heat44mg,-
desalination, drying and refrigera.tion, etc.) of the 
University of Khartoum. 

-

' 

' 

Two additional solar energy projects are 
study: 

still under 

4 --

1) The UNIDO,,Solar Community Development Center at 
Um Safari (North Kordofan Province) proposed by the 
National Research Council. *This project includes the, 
installation of solar photovaltaic systems and wind 
energy systems for -pumping highly saline (salinity 
greater thani 10%) bracki'sh underground water (estimated 
total installed capacity-"of 16KW). Salt 'and distilled 
water will Ibe'Iproduced by solar desalination plants,' 
and electric energy storage batteries w~ill operat'e 

Stelevision sets, refrigerators, radios and lighting 
faclites Th rojectlis supposed to start"'in late 

, 

192. 
~" '< 

, 

"F 

~.~7 

in The German GTZ renewable energy program (proposed
i1980) which includes the installation of a-solar 

<PV system (7.5'KW~of rated capacity) and a solar water 
heating system (5S' 2 of flat plalte collectors) at 
the,,-Maridi Hospital. The program 'proposes to use solar 
TV~sets (powered by"\?'v0cells) in~the ,Gezira~educational, 
television project'. andthe'intallat .on'of 'two wood 

&gasification' plants in',,,th southF of-,'Sudan (a 180~KW,~,5 
plan~t~for, the 'Kagelu' foresr-olgean a 0K 
plan aw 0 an 04 W' 

~o 

- -

''-' 



Wind Cnergy: 

W0 
I U1' 
____- - - 44in 

'- e 
Widmills were first'intr a 

l950's, with abotVF 250 systV
the Gezira provin,ce. These 
pumped drinking water'-for,4di 

the area , They wereproj 
- ~ 

------
*adequate 

M 

windmill had been'dismantlec' 
windmill design (0:

of spare parts and the very 

LI ~ 'costs oftile systems, ,,'~ 

Research work in wind mill c 

10 
a4 a 

0 

M 

>1 
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.. ---

. 

had been underway at the M( 
mont (U.of )C.) in collaborr, 
The Australian Government hi 
Administration for Domestic 
with 'five wind mills, as a 
sions made by-a team from ti 
Assistance Bureau on tho fet' 
for, water pumping applicatic. 
stalled shortly in the Kharl -
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A wind energy program in th 
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oping Countries (SWD) Iin cc: 
of Energy Research, IvcurrK 
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which can develop'and intro,
technology in the Sudan.. Th, 
(2 years) is to design,.dev.
wind mills that are suitabl. 
the Sudan,,and to preparea

. The program includas the~cr,
-center that-'will'Itrain'engi'-
in topics such~a wind data' 

.- rotor, pump -and 1tower' desi. 
and analysis..In the nextp 

pumping 
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'out.Sudan,K and problems lim
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~~Development and construction of. a floatingb) a 	 uaresdeUtia 
and a stationary cropping device. 	 Residues Utiliza
 

Laboratory trials with regard to the Sugar residues areicuv 
potential of water hya inth (one kilogran of to extract ,liquors or-as, 
dry matter gave[ 0.976rm of~gas, 0.537.kg cf 'molasses). others are use 
charcoal and-0,045:k9 -ofheav -oils)0bler 	 Sf sugar actorie 

- "''' , ~ . .. Sudan Development'(Corpora~a-Investigation of the weed's nutrient content . ' aproduce gasohol motor,,fue 
with regard to Its utilization potential as. and alcohol distilled fro 
animal feed and soil fertilizer (fertilizer .. " "Molasses of the United Ki 
trials showed'a 31.8% increase in agricultural of Tate and Lyle) has'pro
yield bydistributing 7.5. tons of water hyacinth missioned by the Europeanash/ha on light soils , , a plant to produce 15,000-2sealihSa"sis 	 (estimated cost. of $20 mi
it)1968-70 several biogas digesters wore instafled as 

a result of the experimental work completed on primitive b 	.' 
units. ~, '. 	 As International, Inc.(

pared a similar study for 
(alcohol' from molasses fi 

- "continuous fermentation' a 
for the construction of a 
(rated capacity: 105,000

.. . .. 	 • year) which will produce
Table 2.3 Technical 
and Performance Characteristics of 	 .liters/year),'yeast (ll02
9
Biogas Digesters Operating in Tawila 
 methane (44.1x10 - 66.2y

"- Diete Tube-Type .sr... 
 costof' $20.5 - $25.9 mil
 
.Bogas Digester Butyl-Rubber Bell-Type Dome-Type'. . operating and maintenancc
 

(England) (India) (China) a, 
 Another 'company with a,$! 
established to produce y " Number of Units 2 	 1 ' "'' 2 	 .'r lasses. The Mechanical Er 
toum University is coordJ. 

Total Volume .2.5 8 12-18 Program evaluating the pc. '1
 

engines and studying thie'.
(Fermentltion Space) . ' ' . 'alcohol distillery e'As,.pi. 
(m 	) (2.5) (3.8) " (8.1-12) performanceof two popul"' 

I 504 and Lan'd Rover) wasi ' -'A 
Gas..roduction 
 mixture of 45% tops, 45% 

/day) 1.5-1.8 2.3-2.8 4,9-5.8 Road tests were conducte. . 
'for each'car. Results; shl

Amount of Wet. 
 sumption" (6-8%) easier'an"
Water Hyacinth with regular gasolineINc

Needed (Kg/Day) 60 	 '95 200 . prolems were noticed" " .

f founo on the valves and
Cost ofUnit ' 3	 ' incomplite combustion or(Sudanese.Pounds/n ) 224 210 
 265 .	 used.. "
 

c) Agricultural and Anim,
 

'Animal residues such
 
a a water (typically l:1).an,
altsuts teg prue pet.blogas
units producing a.. , , ..Fora all these unts, the gas producedaspumped to 	 a'.0%methane content) whi , ' ' ' ' "5,,ad)olning households where it was utilized to operate 
 ' ' households for cooking

modified gas refrigerators, gas ovens and 
lamps. The gasrefrigerators. Such
 
technical and performance characteristics of the dif-
 in Tent (Southern Regie ' 
ferent types of blogas digesters currently operating '- Norwegian'church Aid-Sud 
in Tawila (Kosti) are shown in Table 2.3 (above) , toral Provincc This'si 

"One proposal from the Institute of Environmental Studies t fermetation pace of
(University of Khartoum) suggests harvesting the weeds a fereing
nteatio' Jubo
 
using booms to deflect-the material to the shore, and 
 to its science laborator
compressing the sun-dried water hyacinthintofuel bri
quettes for direct utilization as an energy source in A Methanization of, Ag'i
rural households and small-scale industries. Laboratory ' project is currently undA 
trials are currently underway'at thle College of 'Agri-culture (University qf Khartoum), d o 

termining tle optimal 	 Energy Research (CSTR) U , rthe 	 'assessment of availa'

conditions for biogas production from water hyacinth 
 " waste materials and the
 
(particle size, stirring, temperature, and sli locations 

tent of:mixture). A total biogas volume of 0.75m 
 lotnr.t

(60-80% methane content)/XG.of dry matter was obtained 

using a 5% solid content mixture kept at a temp(!ratl~u rf'	 

' 

37'C and at a PHlof about 7. - r 

A11-) 

1' 	 'a 6 0'.,' 

http:content)/XG.of
http:e'As,.pi
http:44.1x10-66.2y
http:0.537.kg


b ua eiusUtilization: , 'A 

Suga.- re sidues are curretly 'xported cx ,used locally 
to-extract . liquor sorj' aan animal feed in the case of 

tudfolasses).Othersare used as fuel an dburned inthe 
bimter s '°factories (inthe °ase hof bagasse)a 

Suda[niDevelpmitCorporation 'is "coIsideringtasi1 

of Tate and In}.awaii)irha.-as u --7 --, ' 

f ae andLyle) has prepared a tfeafsibiity study, corn
missioned by the European DevelopmentFund, for a,,, 
plant to produce 15,000-20,000 tons of alicohol a year, 
(estimated cost of $20 million). 

Aba International, Inc. (of Hawaii) has 'also pre
pared a similar study for the extraction of ethanol 
(alcohol from molasses from Kenana molasses using a ,. 

*. .continuous fermentation system. The proposal calls 
for the construction of a molasses fermentation factory 
(rated capacity: 105,000-157,000 tons of ..olasses/. 
year) which !will'produce ethanol(32.55-48.83:million, 
liters/year), yeast (1102.5-1653.8 tons/year),adnd 
methane (44.lx10 9 - 66.2xlO 9 KCal/year) at a.capital 
cost of $20.5 - $25.9 million with a total annual 
operating and maintenance osts of $6 to $9,'million. 
Another company with a $5.8 million capitalhas been.. 
established to produce yeast from Guneid factory mo
lasses. The Mechanical'Engiieerin Department at Khar
toumn University i's 'coordinating a National'Alcohol, 
Program evaluating the performance of,gasohol-fired ,. ' 

engines and studying the possibility' of building an, 
alcohol distillery. As part of this program, the 
performance of two popular cars in the Sudan (Peugeot 
504 and Land Rover) was investigated using an alcohol 
mixture of 45% tops, 45% plat formate and 10% alcohol. 
Road tests were conducted fo ra distance of i800Km 
for each car. Results showed an 'improved fuel con
sumption (6-8%) easier and smoother driveability than' 
with regular gasoline. No overheating and no starting 
problems were noticed. However, carbon deposits'were 
found onithe valves and piston crowns due to either 
incomplete combustion or to the quality of the blend 
,used. 

c) Agricultural and Animal Residues Utilization: 

Animal residues such'as cow dung are mixed with 
water (typically 1:l) and digested anaerobica-lly in 
biogas units producing a medium quality gas (60
80% methane content) which can be utilized in rural 
households for cooking, lighting and operating modified' 
gas-refrigerators. Such, a unit has been operating 
in Torit (Southern Region) since 1979, as part of ' 

Norwegian Church Aid-Sudan project in the Eastern Equa
~torial Province. This simply designed system made of 
three sealed 'drums has a total volume of'0.6m3 , and 
a fermentation space of 0.45m 3 . Another similar system 
is being tested at Juba University providing,biogas .:' 

-'.to its science'laboratory burners. , " "'i',' 

A "Methanization of Agricultural and Animal Wastes" 
-roec"s,scurrently underway at the Ins~titute of 

. Energy Research (CSTR) with two objectives, namely, 
e'theassessment of available-agricultural a.ndani ma " 

Swaste~'materials and the identifuitibnff s' 
location ne pracin. . 
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VInlused 	 an to de termine m1onthll 1110e1nda iv s olar radi lti on
 
which is tabulatod for Over\. month ol, thle year and icr.
eV0ry yearV 01 the reocordi ngpridTaiL 11stmnhl 

2imean11 d a i Iy -So lnI- d.i a t ioil (MJ11/ /vear) and total, annLIa I 
Sol,11. rad intioln (G"m/~i) n a 'hori:on1tal sunrface for 
each of7 the s15mteorological stations.* TFie 'sotar radiaItionl 
data in Table 3.1 wvere *avorzged over the entire recording
per'iod of the stat ion ( upi to .23 years). Direct solar 

adiation (us-eful daita inthe c ase of s's te0ms Ius in1gC
C c oilct ra t ing colIleoctor's) canl only~ be obtn ined from Shambat 
aInd WadL MOLuall 110IW'UUI1LU±~a stations. 

The0 'arI-iZIt ion1 of .an1uL a1 Me0n1 h1ou rl s olar rad(Iia t ion (totalI 
a nd d if fuLise) for Khzirt outm (Sh amb)a t sta t io n, 19 79) 'i s s hown 
In Figure I.1. Th is 1"igure indicItcos t ha t di1f fus e s ola r ra
d ia t i on i s .typically 20'0-40', of the total solar radiation: 
cIludineOss, san1d r-ising and sand storms (haboobs) are the 
1Mjo0r caue diffusion direct solar radiationi.LSVof the of 
The solar. coiiccntraiting collector systems, canl utilize only.
the di rect portion of' thle solar, radiation, reslting in aI 
reduction of, the pcirf'rrnanc& of such solar systems. The' 
figureY also indicates that' aninual mean' daily sunshine duira-

' 	 •.
A ''4'':;, tion is' "~~about'••":"12 -hours. .,,L•4(4380.\ hours /year)."..Z5 •• :[and•,,:,•:that: :annual2 . ,•'• ,' -
'' 

:-;. •:: :": •' : ';,:. ;;,•t> 	 :,:...,.. . ;>
 

i- mean,::->.>peaik solziia powe i density is::,:,;:W ' .i: ........,:. 1070WV/rnm-:;' -,,,: c . ?'.":'. ,L " . .:,<". >:'"::: :.-< > .-. -.% 

A;. . ' .,::,v:: ! ; ' >; .: : > - -:K: . 9 ,- : :> k , I : '73 : y - .;;:L i •:9 / / -i; ,.- .., !: ,: I::i : •; . 4; ; i : .:,. > i?,,, ; , .' %
 

" x	 •
'
fraction, of°-.;, '. '_ :2rlatvel ;,:,' v b ! o.;solar' ,.-
livn> ? >, .' k< •wth; ,J 'jt, ..; ;< hgh :/. .'!.- ' : diffuse, ) -. , .; ra- . ! ,., 	 .- .:, ,.:; i . .
 

eii 
ba;SeWith annuaIl1 total solar radiation ranging between 6 .88 
to 10.1I G./III /yezr onl a horizontal surface ,(i~t should be 
noted thalt the amlount of solar energy received on a surface 
tilted by ninec-tenthls of the latitude and facing 'the equator
will he, iii averaige, 10'0 higher than the energy received' 
onl a hoiiontal'surface). The annual total solar *radiation 
'is low in the Southern region of Sudan (Juba) and increases 
as we move to the north.1It reaches very~high values in 
the Northern recgioi (Dongola) , Darfur region (13l Fasher,
-ailinge), Khartoumii region (Shambat) and Gezira-region 
(Wad Medani). 

diat i onl, Suda njoys a considerable solar energy' resource~ 

The VaILueS for annualI solar radiation ,obtained from th e 
rlec Ord i ng staitions are similar to tho e obtained from. the 
Re la t i ve Gloha1&,Rad iation Map for. the, World deve loped
by the Neteorological Organization: this 'map derived
 
for- the* United Nation's Renewable Energy Conference in 
Ni irob i (August. 198 1) shows t he dis tribut ion of" monlthly

Z1nd1annu,1 global radiaition expressed' \as a percentage 
o f the 	 astironomicailly possible global 'radiation. 

4 
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3.52 Wind Energy 	 Da ta Banse Sraewd nais5aliso colic. 
~ The objectivcs of' Lcrct Ing al wInI rer ce~ha.ti i I . S udanw< cup anemomietersocated,at, 50cit:

a1re A 5 	ollowikSm'sain (hma,,a e
 
loae 	aet vaiosVeihiW 0
I Il1i1 I ' tile 	wind elel. y ik'nt ia I a Suidol us Ili!fS 'm-b v' o n :T bIe;.2 

~ LII i .bl tu'wndlet~'I ~iutik'irl~nt wiyn~de i cl v t o Thi~it.i io 	 d~m t' 
S4.YK(2) Re 1*1i C~rkic ded *gl.(reco do t~l4rli LI ilp : c Icur.ltc' esti mate~ i;nsiting a WECS~ ~;

ol, global wiiid-cllergv Ivai lahi litv ~j il ;~,". 
t'%JFinally dalifrajno 

''Wid IOilen rit C~fi13'~WI('~)namely Khartoum, ,Port.Sudan, tMn ?~ 
MetIhodaLO .y .,. 	 Juba. Th'eyKwi 11 operate ~for 6 

(up to iscveta thousand meters',AVa I fablec Wind LIata I II 0111tile MJCtCOt'tloggian Depalrtment (Khartoum) '~ .. ~ ~ ~ :2wasI~ ident I lied andI %ifl~miri..ed biy Ii d, The data was. subsequently in OIata Rtefinement ~ §'4strot i d LIUc0rAlingl to (Juility, based on tilefollowing pctogrs> 
ofthei~oldingequipmenccnddtchniquoI) Accuracmy of th eodn qimn'adtcnqeJority 	 officiaiis ,from thi(of the 	reording anemomc.- .21Type ol' data 	 c te - where the distance brtween the',~3) 1:.1)o III,v1 o f lK Ihercording equipment 1 l5-Zm).,and: obstacles, such asti41 Record~ing prilod (),Cars) ol 5-7m) was of 	the order, of 2151) RecItLordling rate/inetoval 	 hould'located, onman 1o0en- t(; 

'~tr~iI cdiu wq LI 	 lowIisturbances caused,U lo(':Strt itqtowi tien 
~ 

se 
t 
t providec description of the defined as an are wI ore the'&. ~ spat in) 	 oInd tI.'II1pti'lIvaia In' available wind energy,~tions thle' 	 an-bsrcto isa Jeat1J:ThIII cpIi CtC II ."I I'.0 tlie wInd resou rcs represent s a synthes Is tion.'' '"'1'Air' 

11 Ti Ibula I ion, Ci:IniioiI iiid wInd, speeds (ave raged over the buidin o hneig~hnthatite'zorLoid~ng 	 period) [ar all Pictenzolorical stations obstcle 'Aso h efetso
 
in 'idl.alobst'ruction
,ofheight h .inc
1111 	 wind2)Anno ii(ivn spoed duraition Curve,- and annual mea~un and result- in' increased turbultwind "'peed 1ILLTlul~y d istib 1011ourIIve, For all' ieteoro- muha 7,1 a-i oww'i lsIogIcilI stoiti. in Sudln , Cor ii typIcaIl yea r ( 1981)' for. nobuil'ding or wifith'4h eSI -v'~"W)~indpower de'nsity inap for a typical yearr(1981) at' a 1experience'd with' shelter, belts -' 

StoldllI higt.frnn..pyIstlng'sites.inSudan a . 

Windenergy at unobstructed'sl~All Wind d'itl wahs recordled lit a staindard height of 15.2m, ,Annual I 
mea wind speed duration curveC consists of a graphi'showing- the numn- Wind speed''as'corr,ect'ed-for dicr of* hours per yeiu that the windstream attains-a specified hour])y poorly exposed meteo'rological ' mecan wind sliced-at- a given si .te and IaItagiven'height.j , - Istics;'and well exposed sites 1 

Annul ncanwin sped shws ilewith1 iowroughiness charncteris',reqencrdit Iribtio cuveAnonl man wnd peedfreuenc~ditribtiocijre s~oi~ th ." 'Js&''speed'cxrapolaticin factors de,,'J'''freq~uecy of' oiccurect of mean wL~id speco values at a given site liton~W fictor forits-ia\ . This~and at'aIgivcn hig 1 ht. Those curves both 	 la'~-otioeswill determine the wind 	 aoratories Tis ~A-apower lciiusit'-ifhp whitch shows 'Ifltterns annual wind power'-"thle ofC 	 - based, onl logaritlimic.Wind. pro f 'over Sudan (aIt a g~iven height), and tile'powcr output from a1WEM~'''' 
~-' ~9f '~ "- Since information on surface4-'~'-'1I Available Wifnd Pati '7 4' 	 23 stations, ,two'caises, creclc'c 

Widoeg aafrom tIL Metoroogial Departm~ent. consists of (1)Iligh groughness case 1(I11mcan hour Iy~ i nd Speed and hin idrIIect ion measureCd at a hei ght''"'< aiwindspecd extrap olat;'-iof- 15.2nmets -dbave griound, frot .3' meteorologicLal -stations ~ -~-	 '-.throughoult' SLIIIul '(Table -3.2) :Data was coilected by -re ]aIt i 'etI'y-
*3 

I Low' roughLuoss entse~(mlaccurate and properly' minita inedl Llnenomc~e's . blue'sS l)ssuLic- ' 'a windspeed 	 extrapolati -i'
'-tube anelmog-ra pis. were- used 'to record iouirl% wind, 5p1-d --	

,.~ 
-mcLin v ki s~, Far most Of ' 	 stations the' recordinog period was- greater tbIn I'li e surface roughiness or wel-l,20 years,' 	and the averiagi~recording intervail of anl hour was ' -'that of' low grass or fall1ow, i:satlsfactory;'(close t.ticWKS response time to thewind). Th c 	 1 

m~-" 	 - tap)olIatIon IIator of 1'.2a jor parameter 	affecring tlie,'accura'cy ofr thle data' Ias, the ex-5iiie'A' 
'titposure of' the recording equipment." 'J 	 c I e ' 

' .,-	 Monthly wind speed frequencY disti ibution is also tabulated. 'Thi s ' d'f-~~
data was utilized to determine annual wind speed frequency distri-
' I
 

,,~'Abution, a major, parameter in computing wind power density at a~'"1 site. This information determines, for a given ycar, the~'given 
total nuimber of 	 hours the wind was blowin within a specific~,,, '----~- wind speed range (0-2 m/s, 2-4 m/s, 4-6 r s, etc.,) ' '. 

'' 4- 1 --
o''I'' 4 4 

~ *,i I 	 '' ~ 4'" 

~P'~'~_, 	 , k**,- ?01.11 
r4 	 ' 
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~ Sijrf ace& w4ind: dat a is-al'so collected at 21 agro-meteorological sta-c#;t4ions., ttbese stations"  mean 7hourly w d s~ d""i recorde us4 ~ '~:7~*77cup, anemomrn s'Ycated wat 150c ni or at.,2 c~aboh ound level,~4
Somest qtton 4S harnat j'iadl ,Medan'i an aig 
 aeomeslocated*~ at~ various lheights, -3/0"0/15/0'i06'7010/30
1'550 '-cm. "above, ground'al 3_2_______' ':t is e+T'f
dterinne~i teshapof ,the_ boundary Jayer' (t]he~ariaition ofjJ&ind wped'ith e leatb 1h f±.~J~ga-kao 

1'" 

A_'U Thy o'.' -w 4TS1 Dg a" ECe'~>4, I 

"& 'Finally daily information on wind sped,ad-Widdrcini 
~i~ffv"'aailblefrom aerogram data'using 
 oaibson1~'. hs~eer-r 

.'~~ ~ log'ical instruments are available at'6'sites throughout Suda'n, 
;~ 

I namely Khvartoum, Port Sudan, Malakal El3 -Fasher, Dongola and . i': 
Juba. They will. operate for a pressure range of 10-1000 milliba i-'7 

JI.Wind Data Refinement
 

According to officials' from the Meteorological Department, the majority of the recording anemometers were' located in urban areas,
where the distance between the,'1anemometer (atz,a standard .height of
15 9rn) and, obstacles such as 
trees and buildings' (average hegh
of5- 7m) was of the order of 20 meters.' Wind measuring devi'ces_
should be located on an open-terrai'n 
so as 'to minimizethe wind"~~~
flow disturbances caused by' local obstacles. Ann petrra is
defined as an area~'where the di'stance 
be'tween the'an'eimointer, and '', 

. 

an"obstruction is at 
least fifteen times th' height of the"obstruc

Saesonthat-',the zone of disturbed flow over.
3 'building of .height' h extends to a distance of 20h dp1wnwindrof the 2'obst'acle. Also,,the effects of~an undisturbed air flow 'enc'oun ' ' ',n'obstruction of height h increase'with the width ofth 
obta.Vin
.~-.( '.and result, in increased turbulence 'which reducs'id&power' bit as'Imuch as 74% (at a downiqi{' distance~of Sh),, 36% (10h) nd 14 ,(2hKfor aKbLuilding of width 4h. Similar reduction in 1wind, powe wash~>exper~ienced with shelter belts~iand trees. Thus, the, measurements-.,.from' exis"tin si 
 'nSdn are underestimates of~?the actuial 
availableKi\
wind oner 'y at uinobstructedsites. 

'~rrced or differences in 'surface roughnessr~ew

poorly exposed meteorological stations with high'roughness char'acter'istics, and well exposed. sites suitable, for' wind enerTgy. utilization'with low roughness chara'cteristics). utilizing the ,table cof, win&,'-Speed extrapolation factors derived by !,om'Hieste'r",(Batt'ele','Pacifi'c l-..I-thIwest Laboratories) This table esciiates ' ind speed etao3 .. 

Slaion 
 factors for sites in areas 
of different 'Surface roughness ~ basod on :logarithmi c 'wind profiles./' 1 ' 
 ,''3'" 
 -

Since information on 
surEace roughness was no., av'ailab'le for the'7-3 S twostations cases were considered: j.'VK."' 
' 

- ' K 

I)"FHi'gh roughneIss case (High Woods with',,many itrees) with1' a'windspeed "extrapolation factor of 0.815 '(at -15m) 4 

0ghnss case
(2 LOw ro1 (Tall row ciops or lo~w woods) .with'a , '.wnd s )qde xt rapoIation factor o f 1.08 (at I~n)M < 

Ti-newsuIr fa'cc. rouLig hn ess o f wvell -exposed (sites ,was assumed, simi h'r tota'1t o~f~g rPs ~-i- a low, grud, wit h a cor~pnig'win c-,speed1 , 

Cxrpoa ,njc ' ,I is A ,- veryyconservati've,' 
-

0 s tI, II,) t 



-- 

I~ f, 

44--T 

~~Hie roughness~ correction factor (wind speed correction fjictor). is 
-Wind,~-PowerDPSLy. ~ ~ ~ ~ n dt, 
 f toro well at 15 2 mterscposedsits by thatofthe ts sIt Ias metes 

~Surface~Roughness Correction l'actorx~f 
Nidspoecl correction';actorJ.I j -~ C.ase IPas1.19 Ies1A J'. < I-1~2>~---

I 

1 ri30fu 
-- 4 0-95> 

--

fi 3gh casei K I7.t< 0froughness

Iow,,roghncss cas:;jIZl0~.l,~ 
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.I~I 

11 
1 
- enhourly p.i tofii...ro 60-901 M onS nir>-4-a I 1 k t 0 025 8o1thy 4190-2LeWC-709r :fl5"5oupe d__irn-sc vera 1-.wind-c Iaisses-a, d.-tIle i-r-frequency--- e Oc~utr~-~ 

t -- - - rence was ta ua ted for 90-120 125-165,:-iithe 23 meteorologic:aI ta .(1....1a.
annual windc 
 lyear ( 9 81 ) s
 
developed ror Sudan (at a standard height or 15,2m) ror
(Figure 3.2) .Tijs global 1981wind onorgy assessment map is the flist ~---
preliminary estimate of avalable wind 

-

ocry ever pleted foi-Sudan It should be clearly stated that ths map should be u
only as an indication of wind eneigy availabilltyon a global scale.
There may be mail) high-wind sites due to-local -conditions In IoQW, 
0
 

wind lreas,. und cicvesely low-wind, sheltered 'locationsIn- highwind regions.- For,-any -sitecific project on wind energy- utIlization,it. is necessary to undcrtake sitc specifclfkdcoiled-wind resouri~. nP 
iJI~~
assessment. Values (if men -anul wind speeds (averagd-overrecordingperiod) , and mean annuai wind thepower density (roi, thc threec 

n......a:'7 th tables1 fI nd~o ain n ue w nr npowea~ r as~ea : ma ) , 1y,given-tca~ ~~- s I;t yi s ub qle ".... +: 12....65 20~ besvral Ime tat calculated on the basi of maann:ul wind spoed (0, 6 0), is duite tothe cubic relatoion be- ;eneatweenrwind power -ant wind sped. Hence, isoventiapsInd icat ion of avaIlable wind power ,in Sudan. -I ~are ivery poor. 

it Is worth ment ioning that the, moan annuall wilJpower density
 
map In the high roughness case gives a similar picurof thGaz
wind energy potential inSudan to thatOr the global mapeddsid opcdd, -(s
by Rattoi I ciflc- Northwes t 
 Laboratbr ies. I hismail of' worldwide wind energy resource:'-istributionu estimates uses 

1 

wind data recd ivedfrom Nat ionaI Metcoro IogIcalI ServIces I n conjunct ion %,wit upper-i Ir!,data and- topographical data., 11w enlarged map rot Sudan Indicates- a mean-annuial wind power de sJty spatial (listribution~ quite similarcaein-1 l) o thee Zfinmagnitude-givensiteIcalto bethate% ui shon i,:: S high roughness 1 5:,< <ee-roeglalsttlo:'< Table+"3.3. of theLi e case map, undcrlying3.3, actual the .okingat Table:i~ the peweravailab a a can... :Iiportaince of correcting wind-speed data 
rromn poorly exposed meteorological site's. - - , 

Refe r rIng t o FIguire 3.2, the Northern regIon or Surdan -(Dongola) ;has - -a vcry' important -wind energy potential -with annual- wind power den-V
stinexcess of .100 W/inZ (Case 111), In addition,'- the Khartoum
and Gezira- regions- also enjoy. important wi-.'5,regimes with wind--;power-des t anging between 285 and 380 W/ 
 a -

For a deta iled MiCS desigcn, other wind ciaracter sties have toI
be .considered -such as; ~ -%-~ 

,-- X 

(1)Vertical distribution of mean wind speed (or wind profile),
 
This'inrfo i to selIect- the height-at, which' I ~ ~ ~
ma LIon s neededhe wind turbine will be placed,- and the length of 

~ ~ 
Srotor blades. -la I - - -- - - theThis Infor-mation Is available Fiur Poer Iponly at n-small number of---- ~ f agricultural meteorologicall stiitions (see previous section)-1 igr ~IWndgrou- loev-en.y. ip 2i~tanIce-~t~-~-;I 
I') Exir wndspvd5rus rqur to lIofifla tiincrodynnmic I>Iloads on the rotor and support- tower. 

(3) Characteristics sue'h nn: turbulence o- short peilod~fluc- -- tuations !Cc: iatigue analysis), frequency of occurence of
 
brasive and corroslve 
particles are also needed(sand-trrms, etc) 0I 

Da ta on maximum hourly mean wind speed and maximum gusts are -- 114 
 -- I -- 3I41--aloaalbefrom most mteorologic-il stations.2 -I 

-- I~~~~~ *-~ ~ -
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"'Motn ihM.:E "Tayeb Moussa head of' the &at'a collect ion 
-~i of. the.nI'processin;,g section 'Mtooi ca'1I Department,",jebruar 
15' ,ind 16,,:1982. '~' ~ ~ > 

'7,~.Wind energy data provided by Mr. Ahm~ed .Mohamed' Sadek ,head" 0 f*..Arcu 
<* ~.'J.>'~the, wind energy data collection section of.-the Meteorologi'cal 9OTC 

Department, February 15 and 16, 11982..~~aa~ 
ge. Macines", The MTECroain a "n''~"~eu

K-PR. EIdridgc "Wind MIRMachrtoVa 
-- ,.Nostrand Reinhold Company, 1980. 


.,- "Meteorological. Aspects of the Utilization of Wind as an 
Fegy .Source "J'echnical Note No. 175, World Met oroiogical, 'm' as~.an,

Organi:aio,~ M 'N.,55 Geneva, Switzerland.I 

1 ;Re'sidi' ' '. 

aer.-~~% -. 

. ~ ~ igesJ~ 

10g1
 

-field
 

In w 

4 ' an 

e§~I~ 

. K' ln'
"4 

-t 0 

""k 2 
32',34~ h 

3in,, 

' '4 ' >," 3 

t. 11 M44~~~~~~ K*' ,'' 3 .0 
' 'minth' "'2'"'4 "'' 

lie' 



4 '"4 ' ! "i' " i	 "'44'"'V i:"'i-4;% '4k' "i'"' ""i 
' 	

7 

i... .. . . .. 

Y-Yy', 	 ', ' 

A 	 21 

3.3 BiomassData'Base
 
idof d collectionhasbee... 

ological Department, Februar) As In the case. of'wiid cnergy no attempttisbema o
 

4ed' Mh'aac~l 	 .~ estiate thle Sudanese agricutral anI nmlrsde resourco base. 
onMofc e 	 Agricultural residues 4Include, residues from field crops .(cotton,th hega of 
io oafs'thedMilses ad ground-nutS etc) , residues frmtesgr nutynmely".4ee ofical 	 and 

manureITRE Coi))ation. VanAnimal 	 residues consist of from the arglvestoc 
>,.resource in Sudan, j' '... ' : 

,'Ition nAuti~ ~ of44 ed uhs aidawater hyacinth were also included I~ 
of their good utiliZat ,ion pnOtentiali75, World Meteorological ~ this resource assessment becai.'se 

iw .tzerland. 	 an energysoorce''as 


Most of these residues can' he' utilized For energy purposes:' 
7 '' 'Residues from agricultural crops call he-hurned ,Is, fNet' hritqettes 

in rural households and in small-scale inldstries (brick making, 

ba ke r ies ,d e tc .), 

blagasse. can be dried (xecreosing,.Its calorific value) and 
.... .. 

'4. 

Utilized as fuel in sugar processing Industries, Molasses have a 
potent ia I for tie industrial production 	of alcohol (ethanol)4very good 

Animal ;residuies can be e-ither dread~tndin" rural
for power ose. 

J households,> or- mixed with waIter to form the raw maiteria ffor 'blas '' 

cooingdigeestrs, proucing meodiuimni qality ga 	 which Can heused3s 
3d lghting fuel in-rural reas . Sin I.l ){ te r hyacinth can b 
d..r led and compresed II ilet briquittes,' er Len he digested in rural'"' ; F" 

hiiogasc producing olnits, 

43. 1 Agr Icil tutra I les I duej43. 

' AgriculIture' Isthe largest sector of 	the Suidanese- economy with 
f ield crop, such as cotton, sorguitim, gotundniits, Mile ;I'ridwheat 
accouinting 'forthe largest portion or the couintry's agricultural output.

'mx' 	
lable 3.4 shows anntial estimates of cu..tivated area production". 
aIndl average yield lor the major crops .in 5crdan durin the 19,75- 1979 
period. (eeographical distrihut ion of crops podutilon is also avail

cicl(1) 'a or I- Ie~tailkld onloyisl. In 19'?8/i979, the sharp decline
 
. . . .i n wheat and cotton. produi t itn wai ul to t i seerec ncriti%coil
 

dl Ions wichhave i ma In'l)rod I(I)' (e
1reva lId the lg rs z ira
 
444 nd liifa ll Gilida) ii tho ;;int year, I roundu iiroductIon also
 

a reas re I a ted to ) rob I ems 
c Ie I d hec iu oF tle d rap I ii ii va t ed 

I 	 wiIcdd
in Itrsport Ii thle ci arp itto kidafi 1977 /7, madeS m u to eltIIit .large Ireas (s eItc to nt a te 	 4' 

ttr c444"'-' , . .	 annIul croured n9tield ac t os I (i t haebm n/NdaeI n eroive 
)4 4i torel, 

'mited ) type~s oi' dy cloped 	 for ofied safety (2)r everac wete he

4 

til 'lhertotael'e Sid-i notexa'ofdata on
i c g ~ o id theSid annualn s amountwofeagimacedturing i iIt r l 	 c n i 

j 
of 

o' o h	 mI exesvl'9gat in I41 ial,uslIcaeri.ire iuIlanIts ae bre1c~ fo 4n 
In ad I~uidron rhiy t( mt of producwttiii thsid tre copa tie tIedtmae 

reide m;idhu arcu tural esuieRScrop 	 to toa faos0 sevrl aseci 

or tota.,,a; Fation/~dn tie 	 .4 
44 4.' 4'~ 4I' . ana c t..1oreidue ield fto t' 01(I only 

forweitys ~niHued-n an soe (meninly'Inarps g
44I 444mnd 

4. thu Ia ac roypt asInIac ant. ~u iuotiona'4'~~~~~ 	 I'Id'US Ne if u e. ted I pati 

rvst beinguewutth 
atong aso t eatr -yuoeell ta 

>1~~th'-' 	 grou ndaddiin tyohea Igcins cmaile e100%at) 
4.'toesidu madevng, ut Upoal igcn cesicar-ny. 

1(4) r4-' ic In '4 	 iin-''"'" n 4ee.nd 
44 nut.' ' so"117'-444~td'.11 ei''4' '" r 

11Id IO L C.jc t aII4 t reu dts ed'5 (qHL
444 	 amit4444I ngof ! icafti ma.e i 



- h r f r ~a ,a% i 
s uch a ', aw 	 d ca

Fp fl JA i ~ P, e 	 crops (5)soas_ o-
set -r'~tr~i tye, of' field 	 for~~" T1'Jfor 

, 

-dtr n te actual,~ amount of ingricultural'Lresidues, avail-ableb, 

b:sncws etimated toredeamount o~f agricutua 	 g f0l1.'K' Th e total 	 E,'mhich 15.9 x10 6;tonnosI ,e'F' 
27 .4~)X106 merc tnout, 0~~i cambe e , lto 	 en-- i h a c rresponding total 	 r 

0 d-e aa 	 ls 
'(Table 3.5) .However,' 'the mpajor.,

of ,2Q 0''x, 10 Jou es orypoond 	 a fuell in. rural <
uitilijzation, as. 

Spobl'ems of' agr~ul tUral residu
es 

pota-o No infrastructur, 
area,,; are in Yes laues. N,1os a5 

c 1r C1nt I 1 ex ists for collecting an nsport1ng the 	
""'1if,lfOf~ 

the soil' 01'oburnt on the spot- Ias 	
1andsIare either returned toof tholl 	 and burnt" immediatelys being removedcotton stalk-i 	 p~~~in tile 'case of 	 bladck arm cotton 

is'picked because of the risk of 	 energytvc4the cotton
aifter 	 cona, realistic figure for the 

~j~ase'Tfk ing 'this into 	 with ltl 

50 x 1015 J. 	 ''and ralpottilmott or 

'collO'C,
 

3.. Sugar Residues 
Themoun ofsgar residues (bagasse and molasses) has boon stak 

incrc9aline during,
%with three su~gar fictorieS coming on 	

, < amouhtincrceasing, steadily 	 st.arted back 
'live years1.5. The 	production of sugar 'inSudan 

thle last 	
of the Guneid factory (designicapa-yerf

with the construct~ioninl 1902 	 It was followed by the 
of 00,000 tonnles of,,sugar/year).,city 	 of sugar)inl6SasaFct v (60,000 	tonesNew Hal faIdenit ical 	 95,000 tonnes, in 19~68/1969. asepnded to


Its dcsign capct 


adesign capacity u,00 tne
 
Son 11,ar factor)' with 

iiV 1976i, followed, by the identical A5salaY~ ' ' 

~dr)started production 
in 1979. in 1(980, production, started 

factorv (110,000 tonnes') 	 i n Kenana (design~capac ityaqa
factory located 	 maiMiat -AfriCa Ia largost 'sugar 	

Melut~sugar' factory, . The completionl Of 	
,, tp I t330 ,000 tonnos/yefl) 	 . Tableof 	 tons is ,exp~ected i'n'198 2 

tv"of 100,9000withdeig caci amotuit of sugar, molasses, bagassemsoa 	 TI,.

'3.6icae the 	 a al 
in all s'ugar' factories. in:Jbthree year'sp)rdue durinIli the, lIs t 	

f:', 
nis, C"-

,'-f 

numero 'f-Careaois, th induistry as whole is not 0 f-
Io
For 	 ides ign: calpacit)'below 


ficient anid all the pl'ant~s are producinlg ,far 

due 
, 

'to in'suffi-ion't irri -is 'a 


In the case of the' Gunid, fazty .tIs~is hi e k- ~ W't' 
stiffneoss, ,res'ultin''gin coit inuous on. 

gatio6n waZter,' cuiig canle 
h0 'ta fm n o e and lack, of 

a ii1 	 ' 'addownis in the'gr ifdini 	 11al fa 'factorY'. 'ColtillOS 
spare parsws 	eperienced at the 'Neiw 

,lzibUI at. 
was hib m d Of'in1;,l d Sudanes 	 J' 'mahifl"V breal.dowfls 	 of 0,h

to' thle ilndividual 'problems 
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a6 sol id 	
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',"'gas- (wenusd 	 'Of 'ethanol)" C~ol. 1980/81l
for Ol proftduc tion1

(when 'fermented
1 ,olasses 

for bagass, baglass~e\VhSmitlC' 1015Two cases were considered 	 I~,of ,9'.3N
esponlding' ene'ryitO
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w'aaps,,(60 -x.10, km. in .area),, the .Machary masean the Gha za1' 
siY a ttone f eddan (4200amp.I siae mI) of papyrus, generates, .~

48. eric , tons ,o a'rbon'e v ery' yea (23) A 'very'- conserva tivie esti,mate
~2Q)~ouldplace the dry,,weight~ annual" productivity at+hanh'"'
 

yy 1:the White Nile. of tou9i _har i~o nn s
 
~From 'April1 t'9 July, 'winds llow 'from the' South raccumu-n1atin atsIof
 water hyacin Ith at,,the INorth'-most limit of,Jebel Aulia where thedr 
acts, as'Ka phys ical, barrier. Concurrently,,'the water'leivel starts 

dam

* o'e7de l1eaving huge amounts o&f, the weed on the-shores of thelWhite
~Nile be'tween, Renk, and Jebel Aulia. Every year, quantities 'of water 
("hyacinth are collected, 
dried up under the sun, and burnt down so as,,
 
,to prevent reinfestation. According to t~its (19), 7,7 m 
of water hyacinth have been removed duringthMc teo a period " 

(1974) FfromV Jebel Aul~a to Renk(4 0 m. in May). Recent. statistics"~$4 
<(24), indicates' that a total amount of 30 , 7352'm'.has~been removed 
F'from 
 the White Nile between July 1980 'and Jiune 1981.~Theeenergy -:. ' 

potential of the g~jobal aquatic resour'ces,' ( aterhyacifth "and papyrus),'"" 
' 

is estimated at 135 x 101 Joules. (25) when"used drct~ly as, 'fuel' 
briquettes. Considering only the annual amoi~nt of watey hyacinth,' 

"'"''F00collected f rom the shores of the lWhit~e Nile,0.57 x 10" 5 1jous 
can be obtained by fuel briquetring the 'weeds, .and 1.,32 ~x Cl01 
Joules bycl.igestion of' the weeds for the' p'roduction of bi ogas :(6) 

topnes /ha/yar (very conservative figure when compared
 
to the' 73-146- tonnes ', /ya value derived in: reference
 
18)
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'Krt n4~Agicu~t~~Eod'~an 	 -NtriR6ices oum~ Thii& 979 

) "Mohamcd;Iam id Ab1)d al . fh Encpro) Poten ti £Ii.fro1 Cr~op id
 
CT 0Qro0iShIidt Depa r tmhon t';fV0 g ricu It u) a]I
1eide 


3'o"Ibo Enrgy i n F ypt)~ t n Iy s ofS Opt io0n1 UM TI Co~r 

(4 	 A, 0 'stiiia tos o f Res idu to0 Crop'.'rati Fo I Ric ~ w',.~4 
(15) :,and lWhe,-t 2. 3) ~
 

Todde0r' and Pasture Depratmcnt, Mini St I ~I L1cutuI. r
I 
sIrna~t c-s o f residlue to clo ratio For 'wit'In( J.4),T nd 

sorghum111(3 0) CoLt tc p*iti 
, 

Sudan Oi oeds Co t.:estimates~teiu 
' for gl7oundnuts (o. S4 in wostcrn region 0 7~ "In rcnt ra-I1, 

~ reg ion) .,' 


Mechanized ACTVirC I1 t 1r al Co1-1po ra tion , M in st I-,of 'Agri~cul tui c ~'
 
Cstijnlates 'of residue y iel d factor, for sorghum (2-5 met 1, c tonl/
 
I-od danV seosamIIc I S .1an d cot ton (3~) .. ~1J1
 

(5) 	 Tfata prvddby Dr. Sulejiman Jab r , I~e3 1 of C"IIL Ce 110s1111cnS t I
 
and Tec hnolIogy Un it, Na ti nalI Council for Researdhc Mhito
 
Sudan.,,
 

(6) 	 E/Dl)1 Memorandum- oii Energy ConVersion Factors, Qctobor'!i 

Khartu,* (7) Department of State Airrm Embassy of iSdi' 
SuLlgar TlISt July 8, 19 8-..-;0 

(8) 	 M MilIuka s /Thor-ne . "'An examination of the~ Tmpa ct, oF, iEne'ro
 
Supply Piroblefs oIn Sudanese' InduIstry and a Reoyvi ow of1Ehne r (,
 
Use ~and -Energy Ffficiency"', for- USAID ind the NEA, 'Gbv&errment ~ 

OF thfe Democratic Republicopf Sudan,'by Enoergy/Devel opment
 
I nt'6rnat ional , Nov. 1981.
 

(9n"ulisedcIta fromn the SuLIga'r P ro0dlu 't ion Corporation and
 
Keil'ana Su aactry
 

I0) ) Assumlp t il s:
 
I j ~ Case A: Ba g Issce'with 50'%floistlire
 

- .,content and, calori f i ci ;I 	 ,value of 
8.2 	GJ/Tonne (6) 

B: Bagpise with 30%0 moisture 
, 

contenlt-Case 

andZiFcalorific VdILe'V OF !2.0GJ/Tonne (),I)
-

()Assumnptionls. ~.-
1-Et h anoI-product'ion= 310 liters/tonne of mo2la5s0 1)V 

- Eth anoI ca Io ri f ic vaIue of 3.38.GJ/bbl (6) , 

(12) "A Plan for Ethanol Production-at K&,pna Sugafr Company-

1)A s sumptio'n: Aniima~l mantire 	 a,6k1*%-.'f--: o 0 1-availability, 

-"''~(14) Assu mption: -Animal, manure. ca r fi Cvahue o f8.9 ,Jtonnle 
j~ ~~.~-'> sated (6800yais)a~~,s, in 

'V 4{'VV.' 	 11 manure' -'e s is Ki.~V'.'~kA'-""V~V 'VjV.4~V .06' 1~,k'' 0 (10) 

''Calori'fic v~alue' of b'ogas ~ '-'~1,'M'm'V;'-''Q; 
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Bioas a~L,ios <K 
 Dr. Farouk Habb~n
 r- ,Improved charcoal')kilns 
 for' charcoal production~Jbrh'P4
-- Improved charcoal uirban ", Suleiman-. houseold1~ applications 

,an&dwoodstoves 
(cookling, 

for 
etc.) 

rural and .: Dr. ja, z. 
' 4-~-7 ~K 

'U0 I br4.guetuig 
inrural' 
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and 'urb~an households 
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and 
fore 

in 


n ' -V 
pr'cio 

Dr.--Anthony Eagan ' ~i* ''" 

Etao 

-~utIIL7.aion 


fo sugar m a 8 esDr 
Eis
-Charcoal- production from banana residues~,~' 

iETayeb Idria 
-Anaerobic digestion of animal, residues and water SL~ 
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Dear. Sir;l ~ ~ ~
 

is ndetakngar
renwale~qergyassespent-for~the.,Sudan 8'S'
part of, its0 cyprall%Natlio,l Energy As'sessirent project ; n''thiip.s~

context. sveral" Qnbinationslof, renewable energy resources, (solar, A0i 0
 

4 .win44"bionass and hyr3 " 'appropriate,,technol'ogies '(improved woviod 
co ,wtrlctn ae pumping,' lighting,:etc,)'have'lbeen 1Identilied as 
having, a ood potentia for application' in the Sudan.~' ~ .~ 

Your~contribution is neelded soas to hielp us screen and analy'ze V '.1 	 )~'AA~these combi.naitionsA based on tbe following. factors, ~ 4' 	
, ~ 

1) Resource aviablt (amuno--available solar radia- ~ tin'wind ergy,agericult.ural .reidues 'etc.)-~~A~2)'Ptentia makeeneriT.IA'.r of oetale i 
b3) Economnic viability (system capital~cost,.'O&M costs, ~ 4~'~ 

4 
'system life,7 cost of competingA energy' rroircesf- I45.4,j'' , 

"' 

,,
)iSocio-cultura iptsho'oltecm 

. ',

Iipcs(o combirinations
elthe oi U ,...,.. 

h 
onsrinuacterilsg, intalig 

A iA 

)JYisppr'o Sdatnese iofra trcuadtechn icn'(oaaalcability ' ' .,f""'"
oaf' r an maitaiin 0 ~.'~,'''

alelssalthe
comnbinations IeItI 
 Ied I
toehrMhatoecorresipadngseaonto fiacrs balarncut 

A,sceeinl 


>~~~~7 poss Apdrpitnes oourtherayahs ofy(oa avareneilabtryac 
 '' dee Ofnenstructonratmj of ,eal 	 d ehA A 

,'4~ 

A4'AW44AA.A 

acreanlnwinagatable
for ts havry~ll onation -i wnirfithor 
 >I
teewnth tAh'ooln',opoin (evenscenn input, 
~ ~ ~ A 

Aatr.1or 


procss. aed.upon 
you ev~ea yea rriof exprwienceijl haersarchqdeouen avalamnstilion ~eewlentpniergy- re or ecndtc-''--~ 
.. .' 

iat,'excellent ods3,oropootra(C) o 

for''implementa~emi; , arid that the 0xis'ing Sudanese' Lifrastructure' ' ,'U''Ais 	 poor, but lthat.Lilah combination will have ao excellent -mac'~ro-,~ ~'economic Impact '(wildisplace 	 ,a large amount of fuel),' anid its, U)M 'I: 	 technoloqy approprtat~uness is excellent (allcomponents are locally
avaijablo;, ,thoe result of your screening ,procesgs should ,look ; ) j4 .;~~A
like ..

. 

A ... ~sc~' 

Combina- f,snurce Potential Econo- fo n<.'Macro Techotion Avail- Market 	 'I , 4mic cu It u- 'Infra- E~conomic AppropA, I., 'ro. to in -b1,13 ' 0 ' 5''i ab Ili ty Via-~ Impact struc 'Impacts niate-X .c r.~ 14> W Wo )oiWiiliill 
U 0 14',' , ) 14' 

I~.rrigation B 	 C0 A. Ai' A", 0~ u''A",'),; AA 13 ~.,,A. 
.* :J''1,(a rAAAA'l4' 'AC 

Any additional remarks are welcomed. if you havc>any question 	 ~'0*4~L'~.AAO"0 .. A.,..,. Aor 	 if you' need any Informat Lon do not hositatu to conl'act me, at tLila ~. c ,W 4'.ANational Enurgy Administration. (Phone 73315). 4 

o -H 1:3 04~O'4''i
.1. , 	 ~''AM) U40 4.0A''A .' 

I am loo~king forward to recaiving.thae result 4J~~AA'A~ of your anlss0 	 O 0 4 31 
4before 	 U 44JSunday.4atch 7th 1982. 	 ~~'>

A 	 r0ML111 0 4'41Ar "a'0 CP. 
Thank you very much for your coopertlion. It will help back-up 	 E Cr-A, 0a 5 0, 5~~AC A~? "L i ngiqanltc l oC I31proce~ss basedc on technical. arid 0. 10.4 rCI (a . . '~ A A ' econom ic a qses srentL o f each combI nauin, Lthus p)rovJding 'a cjlrbal e3 upicture of thu renewable energy marlct. potential Ii~tLhq Sudan 	

Ln 0r, Uj A4A 
0 :a ;_ 10 A~ A 'A'' 

Gaafar EI-Faki , SisclrlJ-17,yourt, A' 0 H CL 0 00 JW~'"~~ 'A 4 4Acting Direct-or ' Constantin bmbe
A 	 m'li ' loI~~~~ncrgy Consultaont ,~o i4I0I1 A A''A A4 

A" A 

A ' -.........
 
A "A ~ J~ ~ 4'' V' ~4iA ~ 
4	 .'i_jAA.*A' 	 IDI 

' AAA ~J..i 1 ~ i A A' A)'l ~ "A". ~; I.7o!.A 

A'A..A~~~~~~~ ~~ "''A.' 4 ~ ~ ~ ~ ~,' A4, ,,1.~" A ~.' ~A ~ A A A l A l ~l I 
4 ~" . - ~ ~ 

,j"'~ 	 J A i~~ ~ , "A 'A'~' "'min=" 
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Project Identifica+ton'
5,0 Rennwa cnin+irn L 

5.1+:+++Eunol+++'Po ut n F mro olassso in Sudan-Suga a-The nnua amurn 0 f4 mo b1 o n-rduc i n~ Sud oah hap ro5p c~ aa 

b n n en gstadly t hii sugar f ctorie
coming onf rii 
 *fer+entat
lin dulq te at five~n ai Tbl 5.1~tQ~hetafln .y 

oi plaindiate r 
450QO ~nn~o::~i ~ ~ ThoseseryLa an ce1and td convrha~ 

amunof grcntyas 'pope molassesrmo~h rfcou eta inh iesg Sua. , a 
d A.lclyfoAemngCtc n ur o -pn.. 1 - . i- ton: nes r+e..anm, _; Ce at.io.Lclp.idet,- . pr, iedfr''iI o r 

<~A. ~~fowve~w~hth~rcqt ro i te enainapc 
 of stV. theplemenlasuehs
. ~atione fa y tardThas(555fnnn ory 0an, w 8,., 82)atandiwiththe ' Vf 

disoal sga prol'le. pusin .18he92 to 

industr.' '''' 


the 00 o f moasses animoa n sugar onftaci~lrtiesng tm lases xr 
' p~nte ace bean ±included nth 'i ' '' 

pouthion cicproj ct e ubtance000cann edumped in2,00te s Loive orsse prhe ield dct . " Id by-ro majoranApre 16el' rmnsrymiroonmi .~h. .. .,ea80-1:sns+:o l+ i ta t n co1 ts of molasses0 ro t h ......e oanoual misoe cs,(israc erit~'-................. e....a....ermetationdeetin 
:+;t+++j, s+u+ar/d earn diiienl g hiY]S 18rnaon alol 6dhy rate returnd~ato. suaryer>'u) toaPorts n During~~~'1983te(nno'dponding u projects 1 tac interna ofto~oasefacoresnasbe dssd:h£d+i'tmnd y.".'solr' een colasseringrdaigan:t:aethe s d u Y e m d utoa ns +'mid e+I'inAyiiut ncn ti2p++ponib iityof an gaoo (1-0'ethn,,+ 8 p:dii+70 a.
 

Howeveyrodc, with the reetdo cos'ololase g 'IVn~. b Issing5uems ~'
nteinternational i oin ' enad lit'''
molasses~~~'nnaly
Oreagnifica8nMrct8)'ndwih 
he
 resultingeinw 


paytng thednruases o /npnie o adm siition,s s tonnesriafrafn a 

'~pat 'aebe nlMOig.wt'rcsamaeldi
belfurer
tohe de1ia
This chmally aive hua e exntensie dused duingthe. nat 

h' 
il 

e 
e)tn.~~Adlsy~Tk 4~past ers in cohnties suchots iauiln whoreomaor'ca cn- C A'popnyMrelimin.ayMicr-eonm efordi 
 8,
e dsugar mol sses asei imotantlprb'mctassicalvirnmaedntol cverutmd sugaristn
develop. alrg ethanol indstr based on fer sugaractories s ol t e s tra
whc
inut , )aurnc+anhd'+A ain ai


ThKon StgrComnyi catoniplangth pl~oletmassibis
eve'fcn 
 of~
 

4
andhisbyprodct, ifeamonterfationtel gsolin sec aace,
o pamurthededce. tr ging ''atml etdofstac&igramillic>A

an'~
nually,""' ultig,i significant'.

payi'ng Uisptad Mob gerna t avinegsass signifiatmt 
 to heag of
s so Idu n add++ + ; used in e'c nntionl' automao. tie.. t ioni onaloma++:>.':.5"~iydous hic996ach can'ntunbengieswitou any mehanialnnd.~ +l blended with gasolineJ+nened'foru p~ to") eeenc: ++.A"i1 v P 9.- '+ - *-, -.-2usead 'din conventional e
'automo~tivewithou an*,dfo ehnReeecs 

and cassava.'
pas ip coun ...................a-' .
y a re nc ystm 310zi r iocn- ' and.-' 28whe teaof eft bepay ar..a........................... 1 24.-
Sugar molasses csan conv ''- A ,' etrated to dnevelyo to l classicalsungar cae2le fthmolseert ed stryasedethano by( o fernto sugarI oeaetnIibh'ietro~ 
Thr~entc~n stmct of
-on -, '~emnttopln wils eteImlse,3 APa Etanl'o' Prodctio 

modification
 

ofIp a dditiondfmthae' is podued rom he'tillike'(rsidg) '
 

e Ternal-fuel r l 
ir t. " enie, substituting 'oA rM 

leftafe olasesjis ca'onre to thnlb
fermentedantion.,dfrm heA
casi l
yeoas is adedro the mpolasses'qawh icieracts sos'to ceanre-:A-"'V" 

the moilasses bf distillionandf evpoiotnt.' 


hyros tal (ethane ae'oproducd- Typically 0.42ct 4beable n ewith maolasses to,.an."A' " '" '~A'A .V- A1 .Ak 

. . .. . a yia~emnainsse,301 -e af r a ofthano 

exrate tonn of molasses processed.sn a
10o5Aerg/ 


'continuousA
 

f~rriant~t1A
sysAo
 

in aditon 1Mehn is.AAA~ Ardue from4.A4>th stlaAXW (reid u) 
left afte tho ethanol' a h-~"s" bee femne a"nd ditle c t
 

thrug prcs "aof inerbi dieto so 
 cleA
 
A.AA 

the-. ~ . A A ' A l' A ~ ' A" ~ , ~ . 'i ~f '' A
A-,l ag of po e t a l har fu po luAn s Ty i al y 0.42A- - ~A 

x'Kca '1*'"a"re produced-~ ahtneA4 'fr"'hnfo oass 

'Exes ye 
s is als 'A ra fro
1 A '/tnn of 
te th a- 4
molasses processed.'kAAA ' ''lasA'A'A A-,aA V 'atA'of'AA'-~ ~ 4.t 

A~~ 
' ~ T-4 

-' i'A A ~'~' ' 'AA--' AA~AZAAA, '~ * ------------- A' A-"'lA 
'A' - - - - - - - - -~ < - A ', A' AA ' ,7 
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I II 4 Technology Cost Charactrstics 7j 

& The performance and cost chriteitc ofa cotnos 
molas fernenationplant-t cpciry..'f 6_0zOf~ olse, 
Ya)-aeshown i able ~5 2~:'The~'pta-c~t f sc aplant includ i~ 
th cs wa te-&sea an~d electric'#tV generattngi~ytm ?" 'IK$,
 

a d.d&hydrA "-kfr 'yeias,,r t nt tha'nol soae, pump-~ - on, ank 

.0ngfa ite"ad-si1aecneso-fclte.Operating, and4 

'-*,m'aint'enance. costs e~a~~ 5/onVb~7include the pi'e< f, eds ock" 

gasohol.-il0-20% 'ethanodl, 8090 'gsln).; A~iinl ai~sare,--~->
 
dbtained' from "excess ye'ast extracted from the molasses 'and from taIn
 
produced from the'stiiiage. h
 

IV..Implementation Is'sues: 7.~ 

Theolases fermentation plant wil.l be ,lolcatled near. the major 
. '<rolaszses
producing center namely :the Kenana Sugar -Factory. The costr 

Ao:~ rinsportil;0 the, molas'ses, exra I e tnabyf'tre (Sennar 
an-Assal::ya) and aQNew Halfajand Guneid fdctories to the'i fermentation 4~ 
:pat hav~e been inclu~ded inAthe O&M costs. 2 

-t~hncaLan~c"&ateisic analysis~of th pro ject -usingth 

project ±nternal'rate of.'return to be eqa to 34.3% 

In addition, on a macro~~conomic sae.the :mlses 'm'nain-plant will be displacing 50 lites imorte gaso line. ~ 

annualy, result'ing in significar,'t savingsl in foreig. xchange (LS
19 r,_Illion for, 1982, alone). It will 'also generate, ernploym6,nt-and.'help 
sucar ,factorissolve, heir-molasses disposal, problem, 



"''-

References: ''-'--~ 

1), Meeting with Mr. Csama El Nazir (Director), Mr. Omar Hassan (d'. ~ 
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5"------"-U-.-uu'blished reports-from the Sugar A'sociation,'and Kenana Sugar
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LE 5 11 ~ANNUALJ AMOUN~p OF M4OLASSES PRODUCTION IN 'SUDAN
 

, (0 00X,;,,,)-

> >
 

Fact or y ,I19 7 8/ 7 9 479 / 80 - ' 8 / l 81 2 ' 2/ 3 ' 8 / 8'4 444 ' ' 

_______3 ~_ll;&z: 0 84.8 4_ 8~ 4 -- C, I 
2 4 2 > 2O 6'22L8 ~<o22.8& 2 8&>.22,.8~ 

Senfiar 9l184 19. 6 194''4'' 6~ 9' 6 '''~4 
As a a a 
 '4.3.496' '<_3 : 444i6 '" 19~. v>'6 . 4444434~44474 

Of I4 

KenaflaTOTAL ~ :4 6 .6 4 1~ . 7 82 . 0', 2 .0 151.0of'64.6 105.2 .145 5 189.5 214. 5 

Mo'asses 

factories is estimated to 


1z production for Guneid,, New Ha1 fa', S4_,nnar and, Assalaya sugar~
rema~in coi'stant' to the 1980/81 production level ~es
at tough-the ir design,,capac~ity is .2-3.0, 35.0O. 

~ d-~-
'of,"Molasses/year, respectively. 

43.0 and. 430 :metric' t on'esK~ 4 '~ 1 p1ic 
'is4 C. 

Kenana sugar factory is expected4 to produce. 180,000,,tonnes of sugar in44th1981/82 season, 275 ';000 tonnes (1982/32)' adrchthe design'capac Ity:'Of 
' >" >-<'n 

330,000 tonnes in 1983/84. If 'all, sugar Sa vfatories were operating at de-34sign',capacity, iec.the total amount of 'molasses produced in~1983/84: wi i ltbe
 
2 9 5 1~00 0 tonn e s.4. 


4 , 7, 

TABLE 5.2" ~ ' 
,4~44 4 

4,4>'"' 

PERFORMANCE AND COST CHARACTERISTICS OF A MOLASSES CI c4d
 
4'
Performance Characteristics* 

4 
, <~ Ope l 

Design Capacity: 
4,, a 

160,000'tgnnes'of mlasses/year,
Ethanol Production: s r)0'49. 6 X 10 l1iters of ethanol/yr.,4 
>443Yeast. Production:,'

'<Mcthane Pr d c i n4 1680 tn ~es/erProduction:6

Construction Period ' 72 4x 10 'Rcal/year 4~73 years
Equipment Life.' i 

20 years ' 

44,pmn
 

'4 
4' "4'' p'costCharacteristics (1982)* 'i 

7is,o
 
44 Capital costs: $31.8 million
OPeratingand Maintenaflce,Costs: the$10.4 million/yer 4 4'jpe~ 

Etanl
Ethano. 44 4 $1 .an4
4Me tha'ne 44 44443$14.6milli 4 naon/year,4 

$ 1. 3 million/year
' Y' e a st. ~ ~ 0 '. 7 m i ll io n /y :4e a r 4'4 > 4 

44 ''Total Saving's r 44.1ilonya n 
"Internal Rate of 'Return (%). 34.3. 

(OMcosts escalation(ta)11prices rate (10 %/yr)escalation rate (12%/yr.) 4 the4' 444 441'4-'4... 
reL4'4'"One tonne of molassgs produ.ces' 310 4 liters of' ethanol 1,10b 5, kg. 'o~f <444 444yea stand 0-.42 3 10x Fcal of,, m ethanel. 4 . 4 33 4 41 4444 ~ 

540,ts2 1/*0o ie / te a'of l'th ro prodc annua:~4'4,>ly>'/.4ed 
S a i g'',,g i ce.,44. as o l ine p r c e , L S 

I 
a r o u ''4 >''r(K

4444"depot 
4 4 Nov. 1981 , or $0.295/liter (exchange C) 

r t $1 = 1 35LS)'
44 44444'f4

44 >,J~ ':>' ''4' 4Q1 Yeast
4 price .=~-~-;4Y44-4'34-.- $O0.4/

4 4'444 4 ~ethnepic =$20/million ofmehn
Kcal 4' 4'X44474~~~4444~~~~' ''4'44-"4. 4 



. WndilsFor ,Wateripumping ,),pplications '<, 

icei~alarge potential fDr win nrgy, pictos-i
Sudan, by' 

I 

,V,riue of.'the' very_-high, wind ;,regimes- rvaI'ii ± s ra&
 
recliion s the, country. According pwO~f
to 4 ,'the,,wind"pwrdensity.uilapy 

Sl.i'-rein such'as Khartoum,~Gezira an1pe iePoicsK 
asw' s4 the'-Red 4Sea Coast and~the- northern part of" the Wite
 

NiIo -and Blue-:Nile provinces -have annual. wind 'powr ensity in excess.,~<.
 
of i150 W/m .:Most of these regions with highyind reginmes consist '~''~K..
 

4
~of.4 Jlarae agricultura'l schemes w4here irrigation,is carried.iit, y~

norJQ1 Lhan, 12,500 diesel' engine driven pumps 'with an festimiated in
~sta11kd, capacity of l27MW. 
 , . 

tes11 0 regions, there is a large potential for appropriately,
 
de s q d and locally,'ianufactured windmiills for water pumping ap-

Qpli-~ rs.The inrd~o'of these systems in~agricultural area
 

is anM Lnteresting andeconomically Justifiable energy project: water
 
Spumrn n %,windmrills which, are more economical than conventionial diesel
 
'o'crintc, will result in employment generation and in'considerable
 

avz>s 'on4 foreign (by 

dioscl e 'ngines fort water pumping. 

j .. exchange displacing imported fuel, and imported 

4"'
 

~, I)hcholoy,'Description 

%'_terI pumpingl windmills that can be manufactured locally are 
)~'( rulti-blad(d 'windmills, which have been used for-,
"'~rian-tpe", 

ucac for-pumpinq irrigation and domestic water in rural communities
 
?in' OC. Gzira area in Sudan. Although most of these windmills Are not
 
,oper'.', presently,. due'ito a number of mechanical problem' ,th y... Wlc


M~t-lddsystems are best sutdfrdirect water . ' j 
" pplicartions, because of their simple co'nstruction andt low , 1c 

"pU2~4 
,S pe'Ll , high' tocrquie operating characteristics.,Maintenence is easier with
 
:.~spare, pai-tsm
s uatue locally' instead of being imnporte'd.'
 

III Tchnology Cost Characteristics ' ~~4 '.., 

Q..performnance''and cost characteristics fatp a ae
 
pur,,.:.,, e mainta'ined
,id~mllwhih an ocally manufactured and


iss1,o,,n in Table 5.3. The system' capita~l costincludes he~ cost ~' 
 , 

of'~ calvanized' steel tower, 'the' rotor, the water storage tank and, K
 
,tecsZfor manufacturinq,;"'recting and installing thle system. The 

2ote craiJ and. maintenance costs ,include labor costs' for repairing....., 
41 

manu: ac~red sparo parts. 4.,,4, 


Anulsavings aire calculated from tHe amount of diesel fuel K 
4~needed to operate a diesel engine, which will have the same annual 

, 

~~nerY 0eutpu t .,4 

Th-micro-economic analysi~s of this, energy projecqt, based o 
'.,the cco7 characteristics shown in Table 5.3, gives an internal rate of~ 

~'44rL~h 12.05,- 28.9% ,(assuming escalation rate of diesel'pr i c~s = 
12' r , 4 and that of'M'ot 1%y.vdpending4 on the4 annual',,

in [poz,,er density at the site. ,' ,' ' ' 

,, 

c,4ecpmsr' oae i giutrlaes:il'hg i'n . , r o.4 

Lhreisabu an0,eied~l P si anups ing Sdan,,s1 eng'~nosf.',, 

oring, lyner wavr~1' ,.4, oes ~ ,,the
up r'om ros'nc"':.aicorfngibo 4 ot1y 4 4 4 ' ng ,'. si,"eY6s ~ ~ ~ ~ r" f1 e~~rl~dn Lsi'n.Easternt and ,44 

'7' 4'~do CciVia'n of - 35i 1wL.L 
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*3 8 

in :,Iorder to-h r~c,- uur cotitt wind'mill fo'"of 

:1a~ter. pumping aplctin':n 	 t hree ' lm''a iosen~. 

cosi~W
~ ~wee 1 ao-a.;e medium .cas-An& h cse sae & W~depennding an' gvernment';policies an(:incentives, n an iist *uto'', 

nosdrtbn'uc~ at he hbL ;:ld1 go avlnEnergy Center; Table 5'., Pesumnmarize t hree, scenarios, and "identifies the,. fractioh'one
total 4 Sudanese water,,pumping mark'et (162.,MW of intle c'Wi~c
 

_,tkhat. can be, captured by windmils,' n'1985, J990>,nd 20Q00. G r_'<~ 

in the medium case scenario where'the projected talmre'Me-= 
' 	 pen~etration is 0.4% in~ 1985y 2%7in 1990 anc'!6% in the yereOO ,hK~i ntotaI savings on foreign 'exchane AnK'l982)is LS 1.3 Million for, 19851~y 'SwEjLS 6.5 Milli'on for .1990 and4'LS 1l9_5 ri-,llion forth_ 'a 2OO0.*& ~ Mea~44,44 	 1 

S The introduction of windmfills for !water pumping according, to E
tho, scenarios identified in Table 5.4 requires .the-6reation ofla',.:

1nd 1E; n( r gy Center which w'illdesigndee,op, test, and' disseminate ~ Co 

Wathe-rIL-~ig idil that are'suitable. for local manufactureK$;<<;iL 
coaleraiveroaam etwentheEnegy)Researchi: Council of the National,~

Counilor eserchand the Netherlands-based SWIS Steering Ccmrnittee,,,
Wind Energy DevelopingCountries which will provide the requir,d>technical ass istance.'4 
 ~ K$~ 

4Sal
 

such'as wind datal analysis, site...selection, Iwindmill design (pump,,
 
-roto~r and tower:), windill cnstruictionh and installation, output x-(

prdictions fr'om windmills; and win'ilLsiga~doio 

4
* '4n
 

;WIindmills, man~ufactured inla wokhos wil be.'erecztd, 
n
 
well-exposed' sites and prbeslil 
n th iesra tlzton4
 

wi 1be~idenLified, analyzed and~Isoled.~ni~n
 

~ 0Wnml~iis(total installed 'caaiyo-0Wwlldsac

30 to'nnes of diesel/yelir (LS' 331,85'/tonne )and one .10.KW ,caac

die~el pump (LSlO,000/pump). 
 .4 

4 

Referen,.es: 
441, 


1NEA Memorandum. "Status of Water 
444
 

Pumping .Systems in Sudan"L 
April 1, 1982. 

2. Y.11. Hamid and W.A. m. Jansen, "WIind Energy in Sudan". SWDV Steerina, 
' <Fr, 

4..4~ Committee W~ind 
Energy F~eveloping 4Coun~tries.4 
 4D
 

3 NEA Memorandu~m, hVind Energy Data4 Base in,Suda. 'February 1982. 	 F,

4 '- 4'' 

'.'W4 ' . 44 44 . ~~ 4- 4444~444 
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44, ~ 39 

TABL 5 -3 PRFOMANC.,=COSICHAA~aRISTCSOF
WIDML FORK:WATER' UMPIN.PLIAIO
 

44 7-~ - -- 77 --- :''74. 

Performance Characteristics: 

.. utid il~ ld "T d p "m ri a y iz mle, o'4'. 1.4' a is "''. wi 

~TALe 5. 0>. etrHegh: 


MeanCofrfiet'o C15cefU's Prfomance :,0, ~'''* 

)Aal'Win d Power b~ensity: 150W/rn - 300W/rn .,"'.>m


f~xSwopt"Area: 38.5m2 '~K 

42. 

Mean Power Output: 0.87KW- 1.74KW 'V'"'" 247"r'4Mean: .-%n'nualEnergy 4Produced:79 W/ea- 15180 KWI-/year 4
 

Equipment Life: '15 years
 

Y'Cost Characteristics (1982): 

4 

<Capital,,Costs:Tower, 
rotor & labor LS3 600 
Water Storage Tank 3,600 

.. 

LS7, 200,
"UOperznting and Ma'intenance~Costs: LS, 360/yr


( of capital cost) 
'
 

Savings*,: 
"
 

'~LS 857.5/yr.'.-LS1715'/yr ' 

~Projoct' Internal Rate of Return: 12.05 - 28.'9%'
 

(Ecaation 
 isate of diesel prices 1 2%/yr.~
 

!U 'nd hatof 
 O&M Costs =10%/yr.'

* iesel engine producing :,n equal amount of energy willbebung 

2.6 -5.'2 tonnes of diesel per year (efficiency 'o f diesel engine =215 % 

<,and calorific value of diesel 42.3= GJ/Lonne) 4
 

U PricQ-of diesel' LS 
 331.85/,tonne (Khartoum' Depot,.Nov. 1981).' 

4 T r4- _7 r 4 

4 4 4 4*
 

"WATER PUMPING WINDMILLS IMPLEMENTATION SCENARIOS ' 

'4..........19851990. 

. . 2000'''" 44 

'Low, Case' Scenario44 

47'" '
 

;:Fraction of total Market 
 ()0.2 1.0 3.0 c "'
 

> ~t~~ of" Units*' 
 324 1,620 ,,4'18 6 04 4 4 

'' Dispac d diesel** 972 4,8'60' 14,'58044 44 '4 
<T'Fuel (t~onn 4 
 '4 

4)
 

,Medium Case Sceniario4444
 

'j~~iC~4~ 'of 


4 

t'otal 'Market (%M 0.4 2.0 6.0 , 
 44 

N em .o-Units*f 648 3,24 4,09,742.0, P244"'" ''"" 

'~p~'& i~' 3ese1, 
 1 944 9,720 , .29,160 ~ ,,444 
 .. 4."4 
yr
 4 

44:.4(oes 

Frc inof 
 ~total.Mrket' :%'4 60. 3 4"j' 0 9 . .~': ."''4 

i p aced dtese'l** 4 2,~916- ~4,580" ~.,2,1 44,4'>42 

Ttl ltrPumn Markt' l62MW install~c,'ca'pacity:Man'4we44 ~ 
2 

~ of '""<'png 

ouou from 

* Mar~nr~a.eqrgy, 

wi.~nm1-

p 

P,.OV 

dcdfzv 

(Annual 

w 

winpd 

ndm±4ll 

power '4dnsity 

.=,8.76MWH/~yr 

of 17W 

eq ialn 

. 

to tortonnes 

al 0 - 'fl 

of 4diesel4 

c 'value of 

fu'el/year 

diese 1.fueil, 

(EJ ciehcy 

42 .~3 

of 

'4GJ 

diese'l 

t onne s') 

engine ' 



5.3 Charcoal Prdcil FrmBnaaRsiusofAia
 
1) In roduction Fro 


*(~ '~~~ 1) oIntrod iuction of ni a' 

In. Suraeswhc narouca d a n , -bana n a s , a re 'cu 	 h a~*I digestion ot iv ate d ,i n f ou r' a econsumi g s w i h a e c o e 4 ~ ~h ~ r b c i og~re,'charcpal cosmig 	 proues a gas pxure. ofe t ' Q~ urban cent~ers' (lhartou~m, 	 ethanocWadMeaiadsnn) 	 Rassala'wrn ~ onasbo~pawikThe wasteiprodu ct froni, banana processingkon'sbogs 	 hc.c ar'bt' ~ I ar9 UeftI~to~ot in the fields. Thne'dfedc~~rf
~~f~hesorsI o~±~hw5i5~ l The surilly~of.charcoal to 
 n ,o-s*"biog.24~4hoe~ 9ge atpio~~n cuers becoming a major problemwithd in- fes~ieavnac 	
~~~~~ 

o6upinused ~ 
deetfctorsligmainly 	 "for- cooking,''d'~~i~,ruof displacjir

from'fuelweod on carcoa 	 mpi * areas and prcdu~lan,&'ridue r'* ~ 4'Iand 	 (slgpvdctin tuigint~o a natio l'ise sarutof' curn 	 be used as, a fertilizer,' ant a s'oilrtcleoetto 
 rates ,around' lreSudanosertowns.,, 
'' 	 '~.~withi transportation' costs ~ m re th n 00 )dinataccount~ing 	 add itfor nearly~a third of theinarket 	 lon ;,'t e l r s a ~ Pr'ice.. 	 in biogas dietrswl 'oiea'
 

, , qutt. dgtrsw'lproje,. 
autcweed thoghu "~In an' attempt to~solve this charcoal' supply problem, banana 

acin'hs whichi are' thr'eatening IeWht 
a Inuresidues 	 na'ilgation'? cransportaion shincan be collected, sun-dried and utilized In'improved stationar 	 ~i 


kilns for, the production of charcoal. This will result in 
an optimal chemical compos Ition ic


in deforestation rates a reduction 1")forboa rdcin

transportation costs, 

and in charcoal prices duoto the drop inorbgspo'umn.
 

from the 	 ~II) ~ 
11) 	 , Resource Availabil'ity:~:;.S TechnologU 2_escritpion: 	 7,~ !.,"Sudan 

aanstme'lv 
(1981) including over 20'million .,tiolds and utilized I, improved stationary kilns for charcoal 
 gorpia'~tiuif~fcw

mrdutoisture oteo hot andth~ nv recneto dry weather' nrn.v414'., in. NothSda, u
(from 90%' to 101) if thesebananaresiduesresidues 
are will drop significantly 	

to the nomadic nature ole~ft outdoors for a period of smnallfatoiftettlaon
Tikcperormncocharcteie~cs
oemonth. 	 f a'ropromno'hrceitc fa impove sttioarannually tato o htta aon
mrvd ttoaywastes 	 can be utilized in biogas

kin(masonary kiln) is shown in Table 5.6. 

is 'very much'faci'litated~ir
 
This kiln made out' oflvstc
cement, clay, bricks and Stainless steel can be located in the banana 	

iskp freendpe

plantation and provi~ded with a continuous supply'of' banana trunks through-

I al . it~ao'ar farms"'

total~amo'unt of''cow'.manure which c
 

111)' Technology Cost Charactoristics:. 

In th ase.of~wateryalr',

tivity of the~ weeds in.,the White N\The oonnasoary ilnhas
Th msnay asb lnseveral 	 be equal to"9 million~metric toin usitqed 
''to 


and can bo readily mutnufacturod frican countries 	 o f water:finSudajn,' Theoestimated 'cost.of'a single hyacinths are collected Iuinit is L.13(100 	 (between 'Renk and Jebel Aulia), 'su'(1982). The construotion
of 	 of 36 units (total cost.LS 106,060) 'will provide aheut' 3200 tonnes 	 prevent rainfestation. According tof. charcoal annually.(90 tonnes/kiln). On a micro-oconoiic point of 	 300 to.500 thou'sand cubic meters cview,'this energy project 	 haE an internal rate'or ro.urn of 364.51 (Costs breakdown for 	

from the White Nile during' the Marthe IRRanalysis are shown 	 .in T1able 5.7). 	 v 

IV) Implemont ttio(n ssues..' .	 

a 

III) TechnologyDescription:
 
- The? Lhnlcal Issues facving charcoal production fhicht 

' 1,;as 'novor been' 	 oaaarsd ioaniareiArganicmatteaddrosuted in duvolopina' countries before. Demnstratonvtd h'rgaicma
;iidnta 	 tbio te (aial'sea cshmuld b0 COnSrLlc~ed and tests should be conducted so asminu' factors such as: ' 
to deter., 	 productoi sipratt t
to nit'iden),rtJio' 
 ortanttouti 'I hrolproduction~ yields '' ' 'nmatterain ' " 	 the di'gester chargeto 7i QuialIity anrd handling characteristics of charcoal briquettes,, 	 ' 

itI(Calorific value of charcoal briquettes degree'epraueofxpya
tr'ance of'the' biogas di.gest.ers. "'anIV rffuCt oIfVOiSLUre content and size of 	 tomporature; range 'is 35'-38*.'an.'rd-quantLy of charcoal produced. 

banana trunks on quality Is 70-8.0.o 	 '~; 
,'-'" 	 For, lar'ge digesters,, rr: ntl~ o~a t rvr~h h 1- I f t h e c 'h r c o a l " ' ~f
It 	 a e of t h e s~l
haroalbriquettQs 	 urry , proh ibi t i ng ' t he " "he pr-oduced are too brittle, 	 they 'canbomiedwi Ia[Adigmaeralsuh(6-10 typically) 	 s tachsand molass~es'and compressed In small manual presses, ' (r Jioga digesters canthus Improving 	 be ciaused for'coliccting~thet~heirea roaclend 	 gas, name]cener Ilg chepac r at~aThe cnretonofa
rode~ln 	 "Chinese"'fixed damo digcChircol ont,,rwil 1011 -ccooraoThe Inra 	 typo (orImproved klie in bantana planta'io,)s. 	 itonofaThis center, will coordinate'various ac:LiV1L~Jes involve-d in the construction, maintnnce and op-	

.(o "Indian" 'dige'ster with. or with4 gas holderdiges ter.lamun.ry
traionof rikiinsthrotuJIli the 	
' 

training'of Sudanese'uigi hinoeatin of digt "''' 

cuin In,Chnaan, nda 

14 9, 
A~~ 
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Idues 5.4 Anaerobic Digestion of Animal IRestdueq and Water Hyacinths
 

'34' , ) introduction.
 

hichare
in fur aeas loseproduces a gas mixture of3 methanc (60-80%) and carbon dioxideers (Khaitoum, Kassala,' Wad ~h neoi ieto (20-40%)
faia'rsde'adw'e 
ycnhombanana processing banaknown biogas,ashe gogrphial which can be' uset to operate gas 3ocves,"gs lightsistibuionOf 
 simpy designedi, low-cost, 
bigsdgsesi 
ua cortlunitiea
The supj~prole wit ihnc-lt 
 offers.the' advantags' of displacing conventional fuel such'is'kerosene,
n7 a r onmtion-
pruloo used for cooking and lighting, reducincl fuel wood conSOiMpion in rural' 
national issue. As 
 eaan n reriie~iduea result ar' uiwd'as a (slud)ichon nirgen, whichel canaround large Sudanese towns, heue a'.eriie and a'soil 
 ondiione. ' ing more than 500 kilometers in addit~ion, the large scale')utilizati~n of. watr hyacinths
nearly a third of the market 
 in biogas digesters 7will pr'ovide a way to control 
the spread of this 

aquatic weed throughout the White-.Nile~andc its tributaries. Waeur hy
Oal'upl prbebanana' acintha which -"rc threatening a number of national intereots such asutilzedin
mprvedstaionry navigation, transportation,istillze reul inreducttionar an Optimal 

fishing, irrigation and health, haveChemical composition (carbon to nitrogon rat.io 
 of 30 to
rices due to 
thledrop in1) orliaspoctn.
 

11i)ResourceAvailability: 

4 

Sudan has an estimated llvotock population of, 56 millonIlected from the plantation (,981) including ovur,20 M,1IIlIon hoeads of cattle. The 1975/1976ry kilns for charcoal geographical'distribution of cows in Sudan'is shown in4'Table 5.8. ~r pnevaiingNo th S danDue to the nomadic nature of the livestock resource, only a4ill dropsitgnifjicantly 
 sall fractilon ofLeft Outdoors for a period of thle'total amiount of animal residues producedannually canl he utilized In biuyas diqusters. ThLe'collection of's Of an Improv.ed staltionary WcSA-S Ie'i animal 4'very7 much' facilitated in places where a"'large~number of 
.6. "his klncan'1be mde'du of.livcoatoc.
located in the banana Table Ism.Jkept for. extended pilods of time.' in5.9 IiSLtS major dairy farmi; this context,in iNhartouin Provinces, and]4Supply of, banana trunks through- Lttal JMaOnt of tho estimated '"''c"~cow manure which, can be collected from these farms.'' 

' In the case of'water hyaciniths, 
thledry weight annual produc- ' ~ 444'tivity of thu weeds 
in the White Nile South of Khartoum, was estimated
 
'several african countries j to be equal to 9 million metricitonnes. Every year, significant 
amounts
Th'siaeoto ige 
 (between R~onk and Jebel Aulia), 
sun dried,' and burnt 'down
,f 36 cst so as
(otalnits to3
''~ prevent reinfostation. According to
)nnes of'charcoal annually- 300 to 500 the Plant Protection Administration,' "''
 
nt Of view, this-energy project 

thousand] cubic'meters of water.hyacinths are removedanuly
3 ' rm h White Nile during'the'zMarch'to June'period. annall '"' 

(Costs breakdown for'h 1RR,,
Rfo the 


'4' ' ' ' ' ' . 7 ' ' , ~ 111) Te c h n o log y De s c r i tio n ; . 4 ' 44
 
al pouto robaaaresiduesi~ ' 'Ariarobic digestionis a three-stage biological
unres befonreobnstation proceas in 4 4.3.which organic'matter (animal3 residues, water hyacinths, etc),~is conuntres~efoe.oinnstet~n 'j. veted.tobio~isin the'
3 udboconducted so as to deter- absence -of oxygen. I.",guarantee optimum bioglsimportant't'utiiizeIra


'production, It'Is Imotn ouiierwMotL'eals wt cro

'4 4'to nitrogen) ratio',of 25-30/1,'arid tokeep tile concentration of dry.
'matter 'in the digester carge'Wto'Th9%..'Inriaddition,.'factors 
such as3
cs Of chrolbiqueties ' 
 temperature, degree of.'ecidity,'and mixing rate'affects3'the~perfor- 3
~tes charcoal
'br 
 mance of the biogas digesters. Experience. has shown that'the 'optimum''' .4i'""-'': . eOf banana trunks on quillity temporature range Is"'35'38' C, and'the~.i~i~'' 4. 'u'i " optimum PIlfor biogas productionis 7.0-8.0. .For'large digesters, mechanical means of stirring must be, 
 '''
 '4.3 4 
 ~~installed so as'to.'prevenLthe Lhickningj and caking of 'scum on. the3 
sur-
d'are3'I" tho ' '
 face' of the slurry prohibiting thlees~cae eof gas into the gas holder. 

mnare prsse u imroin Bfioga'di'gestrs 4can beclass'ified according to th"'arragment'
Atics .nThep re as L us imprva ng us d for coli , t ng ,th o gas,tics namely com hined dig eter/gas ' 43' '
"'"'4-''"" rhe~'coatbo of atype hold er
(or "Chinese"~ fixd dome digester),' tilefloating gas'holder type 
 34 4.. 4
 

etrwlcodnt (or "Tndian'"Idigeutbi'with 01' Without 'a.water sual),and teseparate3 3 "
 
Oct ion maintenan~ce and4o,)'43


3' ~ he'training of 'Sudanese' ' 4
'4 3
 
4 4The 


34)')44 ~ oper tion of 3digeter upnits for both f~ly(digester v.olume'-.l~3) an~mllvillage (d e~,rvoltime 4->!0m ),use has-' ~ 4434j~33.434.4 deionintratLad in suveral1, devu lop ing countLr I. 
been '

q withLle I argest3L u seL OC 
4
41344~ . "' 43'4'3" curing. in China jahdL India 3 >' .3.44 '4 
 34 43""'" " " '4 4343 .' 
 "4''
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.,TABLE .6Y6jPerf or-nance Characteristics of an Improved Charcoa.l Kiln 

v TnternaJiVolume . 257~3 0mT ;: .. ,.j	 IV;),4,~24~~ :Cycle 	 Time :10'd'ays 
W%~, 

Output: 3 	tonnes of charcoal/cycle

Number of 	 cycles/year: 30 dq 

(kEquipment Life. 7 years 	 but
 
Efficiency:30%-'dp

Annual Capacity: 300 tonnes of banana',trunks/year.
 
Materiial: 	Stainless steel (24m2 ,of sheets, 3 5mm thick) 

Standard Bricks :(7,000) ten 
clay or cement (500 Kg) 

Cost (1982) : LS3000 ($2000; at l$ES LS 1.35)
 
(including material and labor) .'
 

TABLE 5.7 	Costs Breakdown for IRR Analysis 
 . , I 

Annual amount of dried banana
 
trunks available for ,.....
 

charcoal production: 10,642 .tonnes/year 
Annual capacity of ~charco~'l Kiln: 300 tonnes of baaatrunks/yr, 
Number of' kilns: 36 ti 

, .Annual Amount of Charcoal 
produced/Kiln: 	 tonnes/yr.
'90 

Total Charcoal production: 3240 tonnes/year. i 
CapitalCosts (1982) :36 x. LS, 3000= LS 108,000' 
Operating and Maintenance Costs 

(18)(5% of Capital Costs) 	 5=LS 	 '00 

Transportation Costs (1982): 	Labor=LS 11,340/1yr .'F is~ fo
Truck-- ,LS 2,0/i 

< 

TOTAL 	 L32,9 4 0/y.4~
 =S 

Savings(2) (1982): 3240 tonnes x LS 130/tonnes 421,200/yr
=LS 	 ,., 

5Assuming that O&M and transportation !costs, 'and charcoala 

prices escalate at 10% yr. 2O 

1)one medium-sized, truck has a capacit of 6 tonnes and will 15'
iK9require 1 man-day worth of labor for' loa'ding, and'un loading operations .s. 

Labok retl S4/fra5 km trip, whichr-epresents the day, average.Labr rte LS21/day/average distance.NbetWeen banhana planta'tions, 
1.S 

-'N 
"' 2.>and towns). 

()The nmarket price of charcoal varies-depending on the distance ,se. - t'N: 

4
~diaigsupply frtes.Lom
large t~n-S~	 ~ ''~ 3. 

'Khrtum, adMedani. Kassala Sennar>N'sean'v
 

Pice, (LS,. 124 j5Qe)150 	 1'~~~ ? 130 ; p~121 	 i2.5 

5 5 ' 
s'.'~N'.5 '<~4ssN.' ,.<~ f ' N'NN «<~:s. N ~s' 6.5
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TrABLE 5. Cow Distrbuion in Sudan (1975/1976)'A 

~~ o~ ~Re~on~Num~e~ CowsFraction 	 of. Total ()~'e 

Khartom 	 6 71 0 	 Tylj 

"Red Seal .36488 0.~2' ;.'3~ 
Blue Nile-,. 899558,- 7'' 	 5."7.... 


ite 	Nie 1563568 . 10.00 
'North Kordofan 937128 6.0 1i 

<'South Kordofan 1467367 9.3 1 

NorthN ile - Darfur ..... '6.19520814- 717.... 	 , 

South Darfur 3735360 23.8 ' a 
Upper Njile 9.1lA1428092: 


Gungli 1053- 8.9 	 A.m 

BahrEl Ghazal 1227707 Ar 

Buhairat 700714 "'4.5"....~' 

Equatoria 78003' 	 0.5 ~" 

TOTAL 15,697,244' ~"A 100% '"", )~<'/ 

AVTABLE 5.9 Major Dairy Farms in KXhartoum ~ProViiie (1980)''.. 

,Annual 
 Ant'. of cow,~ 

'cxLocationNumber of Farms Number, of Cows :Manure' Produced(1.) 
A 	 "(Tonnes/year) 


Khartoum .
 

S 	 Safia 113 142.35 ~
 

Sharnbat 1 
 225 2463-.75, S"' 
'~r'" Halfaia 12 301'" 4171.95 

El Deroshab 1.2" ',29 


~~"Kadaro 1 38 \416.1
 
i :Q ,ii.1 !' ,1i!!!.i!)1 	 A".'A2A' . A' 	 .. . .L =11ii i i!I .;sl, f iL: ili , ¢= ;;]!:i:i i! l !S i : I,! .;i i~ ll ii i@ , dSiiiiLi.ii}.A" ' ] : !.i]i Ai=~Kafory 1 	 1040 2.51~",950: 


Kuko 5 20464 224080.8
 

SKhartoum - *''' A'', '
, '" A 	 ' 

~A "A~.'~Bur r2.±El Larnab 	 299, , 3274.05d !; { : 1i !{ i''] : ';","iiiA'A'A'ili!'AI,.. b ,.A!! '1A.':i ?AAAAi~i j...; ''"'!=, .A A'AA ',.VA:A.!i A A 


! f. El'l ME i=hia' ! 1 8' A ' 87.6
AAA' 

de'l,"f' Gharb. 7 ' 	 150 , 16 4 2'.5 

.... , 	 >.,...72 >4"Soba, Gharb .. 229 6 2 514 1.2 ..
 

.,'El Kalakia .. 4 84 ~ A~1~ 
 -AW,,AEli ! 	 9 9-55" A'.-" ,' 

AA ,TOTAL 1232.06i 	 2761,005 '7'A~'''V'"" 

1) l Cow (45OKg) produces an average ofAA30KG' of wet2manure'daily'''~~'''' 
water content 4 of 80790%) 
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Technical and COSt; 
of Br ick Digester 

Chaacteristics~ 
~ 

Ty ) l i~esteir:. 
V1mofDigester:-

hh' 
£0nM3 A 

brickbioa 
~'' 

diqester,_'4 
'''~ 

Cement, 250Kg 
Lime paste....110Kg9''~7 
Coal AshW~ .170Kg 
Sand = 4'00Kg,''''~'~<. 
Clay paste =100Kg 

~ ,Lime = 40Kg3 
Crushed Stone = ,0.2.7m 

Brick= 920 uni~tsBiocas Production: 3m dayAnount of raw materials needed: 

''. 

j . .' ti 

': 

.!{'ii?<;%. 

K 

"''u 

50 Kg ofcow du'ng/day (we t basis) 
or 75 Kg of water hyqcinths/day (dry

Calorific Valu~e of biogas: 21' MJ/m" 
basis) 'Y< . ji 

""' 

Capacit- Factor of biogas Digester: 0.95 ,,'tA'"(4' 7i 

AnnualI Amou.nt of Energy Produced: 21.85 GJ/year i '" y 

ninu"~al Amount of Charcoal Displaced boastv 
~ tef'f.t.Ancy 60%; Charcoal stove efiiec2.7t2n0yer(b6;,s toe:CIIzIrcoal Calorific Value =28 :9GJ/Tonne) , 

Annual -Amount of Kerosene Displaced:' 0.76 torines/year, (ke'ro.sene 
Aistove efficiency 40%; kerosene calo'rific vaule 43.1 Gi/konne), 

-t"~'EquipmentLife :20 years.'-"' 

'"'' I 

>~otCharacteristic (1982)' 
CCapital Costs ,LS1000 (Materials, labtor, and gas 

QaaigadMaintenancejCosts 

o Capital Costs) 'LS 

~ 
50/year 

Savincls ILS 295 (when displacing charcoal, a t 

'. 

'7'"'LS, 

"~':i ~ 

, I ~LS 375/tonne'Khat 
26 (whe displacing, kerosene, al" 

i~'iDepot, Nov. 1981).' 

, -3 3 ~ r4%3(displacing, ca o,,1)' 

33.09% (displacing kerosene) ""p 

7IiIJ 

'&'assuming escalation rate for,"~~"' 
- MCosts7 -10%/year , and that 

4",for >charcoal..and kerosene prices 1%/year,' 

1 4Ir Ji j 



< TABLE 5 11 L Im~eetto Scnai fo lcaDi ~ersbr1iquttinapplicationsi an avellh 
~ ~ ~7; ,- ~ .. ypeof,- field, crops-. OUtCof total ~ 

I.~1985 1990 2000 ~>million~ tonnes*of 'agricuitira3. 'resI 
cow~ 0X~L ~ -. ~ ~gf' briquetting aoppications. 'V 

F4rctio of- Ld 
 111o+II)TechnologycDr&lAtiOn: 

Number.'of ompcd it rdus~ofhigher IN~ ~ nt (01)Q" 150 '- 2O0 ~ 65O00 uniformity il'both size and materia 
___________'aer I ,i' I YaI.c h ~resiues interhtr'sae'.-

Frcto 

* ±ftei nt l t 

i 5 L1O 25 Thebriqulettin; mIaking pro(;Number of Unt 770 1540 3850itered tps2~ 
Tcota D a1eodnQ, 6 20,320' 50,800 2) Chopping an~d/or ,st
(torose c 'Natural, dryni

(tonns/yer).' ~,, *'from 

' rain~Total Displaced '30,350 ~ 60,700 15175 ~ Mlixi~ng the driu'di


-such~as
Charoal tonns/yr) animal.mat~
C h '2a c o a ( o n n s / y . J 
 "~5 ) ,Compres s in s th a'M , 
l)As sump Aonz 10l of the niumber of cows in Sud "', :ar fIr ', 

farms (2 rnillJon cows producing ,xl* tonnes of Cow Fe rqutig f arclua&manure annually) f clu'*inqt' 

(Assumption: 500 thousand mwater hyacinths ar~e vdfrom I),,! 1' Gtrater buandens 
- WiteNil eory.yerwith a total market pCti'ntial 1')Uniform thermal ia
 
Of1,00 tonnes/year. ,(water hyacinlth defsity 
 ~combustion charac . 

ulDiu~igand5. ailfication of Agricultural Residuesfor .Ut 1izatLionI Ru ra 1 Houseo d3 and ' A2Industir.i folo i, 
 pile briquetteswhcca 
I)~ ~ IoVInro7c 
 nd/or plst n' extruder~devices,-ar 
 ' 

t prosset consistinoftodusw11-c production of fuel briiqucttcus from agricul tural residaesof-compaction.provides of 0 5 Pona-soujrce fuel aalblatwith improved combustion claract r swhich can be and seasona resointd valabilitutIllzed in a variety of applications in Sua sund4.,cook sasna~eing In-rural households, -and steani generation in indns:~.r±-aLarg brqtitting' plants c
bollors. In addition, the utilizaulon of fuel briquettecs Inrural.households willI reduce the agiulua rsdeviablthuman costs Incuried by ruirl'sCL~L~t-'(mostly women and small simple briquetting press canchildren) ,which ar~e spen~,ding anicrairimoitcuitirlesideaalblt,Of Lime collecting scarce fubl-0SOur au.O!sl): at. fuel Wood. ItwilWJ11 
-- guarantee a continuous Supply Of Vnergy sources to tho~so rral - 'v TcnogyCsChrtrsi'
communities while limiting prevailing deforertation and desertification IV Teholg COIst ch 'A'eiStJIrates around these communitios.- in aJdditlun, the utilization of fuelbriquettes 'in industrial Techn3cal and cost charactboi-lers will displace significant .vuiount ofsmlbrqeigpe'fuel oil resultityig n substantial foreign exchangjesavings. pl n aasml rqetgp(! 

,~,- -, -- -- -, 

11 ii) eaorce'otetial, 
~plant hias bn annual production of'-, -'- -(18.6G~j/tolnne),Reouc Po-

-ll 
with:;a potential t'

(41GJ/Lonne) burnt 'annually to in(
secorh~ lrges
Agriculture lthlagsseorof. -ic - of charcoal briquettes, (28.9GJ/tolwith field crops suc'h as Cc~ton, . 
the -Sudanese'economy households. The' small press produtcocgyhum, groundnts, millet andaccounting for the largest portion whoat: annually and~has a potential to d!of (I,(! country's agjricultural Output. quottes used -inrural. commu~nities. 

Tettlaonofarcluareiueoproduced. in Sudalnjel;inlmae usingq'annual- crop residue was in the case-of a ilre Cut , yield factors (inmetric t0,nr/csfeddan) derived from Egyptian Agiulua dat 
ft o cletn giu
(Tbl 5.2) 
 cos, fo ricoletingt the aoricl
 

Thoropatos, wi~ere deemiower frdoeimnr'j -coal consuming centers,,a micro-wcahichppio 
 fo several types of fieldSudons arLtrapldLfcl sincet 6 ' aeof returr of-l93.88'and 215C the(casetofoSudanfnit conditions,- lan ad Igpta pqudaiey, agrcultra codtos(lmtlgclcniinln fuel oil and charcoal br quot'es,tily, CtCmi)arjnd prcie i gtinIhretn, etc.) re re)--
rate for O&M costs 1'0t/yr.) andLvlsiia.in) addition, 12i /yeur). in the casethese factors are compatible with'qsti,,ates of sma,rural comnmunittess -theon crop to residue internal r, ~--factors madly veaagiutrlanccIniI

Sudan. - nprjt14s098'(ima, 

aV~i 1 h~V~Isignificant amount of agriculItural residue .lused 11as V).Implementation Is sues: ' ' 

t-ilioraand anm~l I~neds nd Iaud~rufw Is and dutnnentir objvcts cun~rw~ ~ matoi,,s (md JThe major impleai e pal Ltly inade of residues such: as wheat i.metto
straw), only .- function of this telal s'- -.amiout can be utilized for fuel. 

v 4

of-

'-,-,'--- ---, ---------- ------ ------ ------ --------A- --- >--:~L 
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-~ ~ Y7

o o igsDgse ~ I briqueLizg applItations; an availability factor was estimated for each 
type of field crops. Out of a total amount! of 27,4 milliori tonnes, 15,9

1990 2000 million tonnus of agricul'tural residues can potvrita1 y be, used for ,, 

Sbriquettilnq applications. ,-
III) 1Technoloqy Descriptlon: 

201 rItue IL±ngiisa process in which residues tare mechanically ' 
25200 ~ compacted into products c higher bulk densityt less moisiure and greater~22065000 
 uniformity In both size and material properties, than exhibited by
 

residues in their natUral,Btate.
 

in25 A' K The brliquuttinS making process-typically,6ecqsists of a series 
1540 3850 of integrated steps;1 ~ ~ 

20,320 50,800 1) Collection of agricultural residues f~ ~ 2) chopping and/or screening the residues -~-413) Natural drying In well-Ventilated places protected ~ 
6070 151,750 4) Mixing the-dried residues with binding materials 

6070~Isuch as animal manurea; sugar molasses. , ,*> 

Sdanare5)
Owan Compressing the mrixLure in a mechanical pressproducing 21 .9xi tonne of cow- Fuel briquett-inJ of agricultural residties' Offers ssveral advantages including9: 
 A2 

~~f ~ hyacinths are removed fromn the. 1) Greaterstoageandensity, minimizing transportationi,
 
arketpotantal. :2)
'Y~ ith atotal Uniform thcrmal andIphysical properties,. Improving A' ''A

* (waer hycint ~combustion and ,.
densty characteristics with ,morecontrolled 

even' combustion- both In industrial' boilers and in:' 
Of Agricultural Residues'ua oueod

.15~ Inusral~ C
L andoileI Fuel briquatt~es which1 can be p~roduced with a inrctoscrew' AA AA 
and/or piston-extruder device,are usually manufactured inrolling 

--- profitics conS'iating of-two drums i ith half impressiodns which line up'P'S frm agiculuralresitlosat the moment of compaction.' Pli% 
sadle is closely related to the,

cobutoncarcersiccollecrtion point and availability of, residue Supply which are scattered 

1WlctosI ua eland Seasonal respectively.-'~~
*ppLcaton, In indanisiLh j

A-- 1f fuel briquettes In rtral -iuo~n Lag plns nbe located in areas-of concentrated '' 

-isp.re si nian IlTV1 r fo~o.~A
- - amounfiton TechnicalandCost Charct i t ics ag~bi~ tn 

Agn exChang savingsln and a-------'rqe igpesaeshw nia~'.3"7 ag Aml1 

plant has allannual production o~l0i000'tonnes of fuel briquettes'A
'dg (18.6G/tonne, With a potanLIal'Ato displaca 4540~ons ffe oil' ~ v~:W' - A(41G.4/tonne) tv Idstriailboilera, or 6440"Atonneas ~ ~- hurnt annuallyr'o'h.ISlaof1 Chrolbiute 2.G/Lut)Uv.'i 'c~lgfe nruralYI4f2~~~~~~~Q ~4 4 d n a ' e o o y '~o ab o u t d17 t on n oe o f 't ' u s h ld s . -The s ma l l ' p o s p o u e . 3 % s fu ol 'b r iqu e tt e s 1-~,groundnuts, milflet and whoa,' 
 onnually and 1husaoteptal to'diracoe'4.2.Lonnos of charcoal Li-.Ii:he, Coumntry's agricultural output. qute sdon"ua
I mmlinit.iea,.'-. A
 
,.--resi 
 due produced in Sud~an was A' ln. xldn~te'-'' 

(Tbl metric5 #n12). costs for collocting' Lhe 8 rcultural zesidues, ~and for'Lransportiri'A'' 
'~~ - Tabc~5.2).--,the fuel bri tutLS "to emjo, Iidisil, boilers and/or~AW '"K to the-char

p'-vr 1tps ~ an -AA
i r f jj I-----co retnting.i r a micro-L%:nom'c- analysis indicates intcirnal "~ 
,0Sudanof~~ since Egyptlan' and 9f-l9;U8a 2I iei!hfu1 hrqote
tIA-a'oniios lad fue oilrod and chrolbjjvt'' Sriplcrsiout ive,i (assuming -that- escailation'n h~,avestin , 4.arc r'at frO& css L tha- fo hroland fuel oil prices ~A 

2 ~r~re~m~aibiA~itest,,at 4 
'i- 121 fps 'n tIc>casAv fAsniail~fuel press inbzicuettintl located.~.., 

>ral a(jrLcult.ujral'sgencies4 linAA ~-I, 4 u~ lhite ag lnQ ' --A4 


- ~ all I tio ' v or l I ri s mojor ImplomenAA. ~ ' Ao wAt thiV y jr JC L I,A La ,~u 

~of 
Anr 

reiue~'s suCh a'sWrle-a'tA'A-'~ 
aunliUtilized tor fuel
 



4 ~ An48 

:Cleto and tahsprA'Aio oftearclua rsde.Poiig 

the, in~rasru.u forY~ this--~ "cllcto funtio inrra raol, 

ns oiff , such~' ~c~let~n~ rynsodtto the agricuituratrins' daw Ag 

f~or, e1ivered: ag-ricul tural1 residues, tra~ing: and renumeration of<uprting personne1 and pricing' o-fue briqu~U, 
' 

U, *A" 

The potential ofag'icultuyal residues Afor fuel~brilquetting K 
applications is v~ery large J(15.9 :illion:tones/yar)A. However, 4 duetto the institutional problemsn associated:'Pi~~h c11econand,' 

A ransportation of the residues,,oA~ .smal1 ;fr'acti I6n of these 44e
residues can be uilizedAforA the,pouto!of fulel bri'quettes'. 

Table 5.14."summarizes'te three' scenarios use&d,tov-proJect -' 

the' fiture contribution'of agricultural residuesjfr riquetting,,, 
4 
W
 

applications in Sudan..The fractionA ofA~th 'totafamount of',agricultural~A~~
reideswhich can b~e collected in 198S,_ 1990,,A and'-2000 ''was. in-,A'AA.A 

'A dicated for each scenario. r --. A2A~~ '~~~~ A 

In scenario 96,.193'"and.3 86"
InA medium'cs h"LnAdred,,tfou

sland tonnes of' charcoalwill" be displaced. in'9,,Ll90Aanb20
 

A 
 respectively.This represents2,7,A 5.5, and 11l% of,the estimated ~ 
curr~ntannual, charcoal'consumption Am *StudaA;(35 milj-inA:t6Ajfies< ~ A./ 

4W~.AAA, ~year).. In addition; 4540 Atofnes Ubf fuel o6Al1AWwillAbe displac Ad in~ 

respectively, 4.5.%,A,9% an 188,o~h 
 e iae~~rrn,-ana 
fuel oil consumption-AinPi'ldustrial boi'lers ,ifi Sudai.- (1i',,OOVotonnes/

yermanyinsuiga'r, textile', soap- and-oil fact~ories) 
AA 

1A' A. 

VI) Alternative Utilization~of Aricultural ..Resiues 

...
 (mainly cotton, stalks and~groundnwt; shells),As 'their conversion into
 
producer gas' (low BT spligh f6 ans ineng or c6 t

and Athrp vi diit on' 
' - production of,'electri tdrvy cro n in g'erna or'c cottonti* e :, 
ton~engine Land an electrical generator'.' ~There' is ,a signifiCa II't~market for' such compact, sys'temisproduc'in g both':thermal' energy. .(pro 76 s. 

ducer gas) and' other textile factories, 'o il1 mill s nut processing'.Ai A " 
plants, food processing plants, etc. 

A The majorityof these fatre r ae n' i Khartoum,~AA'V 
area and in Gezira provinc~e. b"AA"AAA,'~''4~ 


A ' A4.'A"Atypical system consists ofa gasprdc can:untgac 

ing equipmentA (gas scrubber,A dust collector,filAter/demster,,and
 

~IA'%'AA~AAA~A a gas Aengine aAnd ezlectric-q."-Asnertor$
pesur'bowr) an
~$~'~ASAAThe technical and Cost CJaatrit. ia_37.56AW nerator ''''-'VAo 


"tlie
hasben inA'several counitriesA i shown in Table 5.1SSV 

'~A4A'~AA~ 'A -"This system utilizes about 1000 tonne'sl:of agriculturalArA~AAAA A"A' 

AAA;ASA~;As idues/year, to produce 263, Nilf/yar' ,''d lacing -90 -tonnes-of2'~e&.AAAA 
sel 'fuel'annually. The internal a
is: 13% 

rates of, return :for, suc ""project" "'a 
' .'A'-J'AA 
 ' A " ' A A 
 A A'"A4'' , ''A' 
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TA1_LE_5.13 Technical and Cs Chrceristics ~ ~ ' 

4 4
~ ~, A, '~~'A ~ ~> *i TABlLE 5'.14 :Fuel-Briguettlnq ImP A 

C a a c i t i t g6~ 1A ':vh C a a i t y 0g o,An ~Sc n a e.I~ u n 0 .e ip/ a nt L o C a s e" i 

Capaci Ly' Yator - 7.1V 4. Capacity Factor. Q95.>4''<,~ 

16250 hours/year) ~action Fr of.ATotal 
<'A?..4A~:'V 'Of~ Fuel.Briquette -5-lot'~~J ~ <'' ' r~' . 

i' q~t~ *5-10%of"Average Calorific -< -Average Calorific "'Lag4

,~i>. valu'e of Fuel' Briquette. Va Lue. of Fuel Briqete ' sallge '
L'm 


186GJ/tonne 18.6.GJ/tonno p

K ~ Ana Fuel Briquette Annual Fuel Briquette ,, ' Displ aced Charcoal >.<~i:4:
 

Production 1'~0,00 Production - 17.3 tonnes/y'ear t. 5146>.
Oftonnds/year (tne'ya), 


Fquipment Life - 20 year Equimen Lie-1 ersDslcd
 

Cstsz.Capital '
 
-Building and $'-briquetting 


-. Captal Costs: 
press -L5675 ($500) ~'Medium Case Scenario'c,
Site Prprto LS 54,000
 

k''~($40,000) ' -binding material 
 Fraction of Total'Market (%)l$'.~
Equipment *LS148,500 - mixing unit . LS675' " , ,. "
 
A '' (4110,000.) ($0) ~Numbr of Unitst' I <~ 

'$500 
Large~ :':
 
4 a,.' LS 202,500 LS 1350. ' ., 

Qpcr.rting and Mt'llnenance >Operating and Mainten'an Displaced/Carcoal,6""'.,<,
Coat a ' 1,s 270,000 Costs -LS 135 (to- es/year) 9 64 66,'

($2000 ) (10 of total Capital Cost) ' . pae e'i$ 
Savings; H )-1,5'635,000 (when dis- Savings:(l) LS 1450 (hen' dia ~ '(Lonnes, /year)' I 4 ' .'A 4543, , ' . 'v-
placint) oil) placIIng charcoal) >IihCaeBero' 

placing charcoal) Fratio ofT,,lMretl 
ElR7RL (2) 83,200 (when dip Nube of
FrciniTtal: AAA~> 

fuel dslacing 109.4%Cwhen displacing '"Large ~j'~ .p,. 2<"(2)) IRhl(2)
' ''' (ul~osl)charcoal) 
 al
 

I1tonne of fuel briquette from agricultural residues (1 /< ' f Dslce 
Chrol
'(tonnos/year): '~>AA
tOnne~wilI displace 0.454 tLonnL of fuel oil (41GJ/tonne and,, 192922 >
 
IqO/onn,, epo It will displace
3hareum NOV. 81).


0.644 tonne of charcoal briquette c28.9GJ/tonne, LS 130/tonno, j Ditespad~ Oi 
, '"'~ <AFuel oil98O 


average price for ,main urban~centers in Sudan, March 1982.): (tne/ya)<"' "A......
9080 


(2) Fscalatien rate' Of QAM costs -10%/yr. 
and that of charcoal 
 ''VI4.
and fuel oil p~rices *12%/yr. , . 1) Assumption: A ' 

-Lreunits, (10,000'.ton
 
- , ,onl displacerfuel'
 

, boilers at a rate of 45
 

'A - ' -,Small,'units (I7.2'tonne "
 

enydllcccaca'A
I,'arate of'1ll.2 tonnes 


,A 
 A AL N'A4 

J,' 
 1 'A ~ I W 

AA~ ' A ~A A '>''q
 
.1........................................................
 

A ' A * A"A <A AL
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.2 TAL 5.1 Fue BrAetn OO~ato Scenarios ( 4..) 
Sml Briquetting'Plan
 

1985 190 
 00
 

t~u 1. r o Unit 

'oristiona 17. tonsya Lno/er:544'66 
 99.

iupmn LieDspae Fe i
 

-riquetting' press
(50naeiurCseSonai
 Sc6 

TABLEg5.14ia pmn..o
Fcoofuotl mrkett~c 


LS15.Small 4rgotn
ln
 
0.051 Senri
 172 34452s 

SLature Con3n5 
 9G46 .Marot (1ye) 0. 199 

t Co 0%Nt)I 


&lU@ OfFuel Larl
 

0% l l i tnial cap ue ta - of m e 1 286 
riquette 


18gs6 140
1 LSton wendi-lins/e 1091 16 
ulc tt Ii I' 

1 
a Pn i ch rc al p a e CIrc a 1 ; 

bducton .l?.;toneFraarionn/ea) Total Mac1292 5146 2 

Ln' 2ue 
Small 172253,440 2 69080 

rutti prdes (156GJ5 ($500lacdiu ChQSar o 

fueldil 1Jton Frto nya)Total4 

charcoal) L0yasDago~j Oi4
 

matria of92 
 7a7t17218 ,*' 

ILnSua,-ac 150.) Smnal r 9861 18225 3442 

/r.antin hat o atenc I i aedCaca
 

(tonne/yua):Latg units 9666tone
13500 of 38864 
0il ofl Cfpita usdilnutiCost totalac 

(tonnes-boler a rat tonnes. fue oil,/o 15f6 
vin952 (1) LS1450u(when(di-.2Dispaced FueltOils/4540'o,' -w905
 

placiag chaol 
 onl chrca use In ruralse'Scenarl i
 

Fratioa o oa 11rkatonns)o2 
 8 1444dr/ui
 
One~aqe,'uit ,s thosandsmal
buit fo~ever 


units.
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 5.6 	Solar Water floating for Low-Temperature Commercial and 
I dustria I AprilIca Lions 

I .- I ) Introduction 

feecding gas producer 
 --	 solar water heatingwill. displace the utilization of conv'antionaV1 , 

to)e,.ga sfrubbe 
stagrs ga crbe 	

ands suc diesell, ari d fuel oil in commorcial buildlnqs (hotelsand 	 food as n in low-temperature industrial processes (Lextile~~ .~<~tor an food roces iIndu.stries). 
e blower ( KW) -- The relatively-low temperature requiremdents or' 
nesoappiain
ssioiniioigas engine (60-70*C fr commerclal biuildings and 70-900
Cator Industil o
 

-reu~atng 	 ,enraorcessus) 
 tht abundant- solar radiation prevailing In Su an~(annual ~ ~ -reglatng
gnertorsolar 
 energy Incident-on~a horizontal-surface ranges between .7-lOGj/m2;'
ues/year. bine to create 
very. favorable economnics for locally manufactured, 
 ' i-

Lion ,65t:mecchanical power 
 -
-The


4' aa~on - 20$: electric power 	 utili-~ation of these systems in commorcial and Industrialoiland, transmiss Ion- 801) 
 -~applicationsawill create an in-country manufacturing base providing 
omplpoymont-and boilding lipon indlgejnodis capability in- - -- - ~tuchnological 	 a growingfild which ha-sthe potential of reducing the fcoeg,exchana"JI- c'orpolntn of conventional fuels. 

6cnerator- LS 33,700 T)WatuI.:floating Ruquiroments'luccr I's5 7,425 	 of Selected Commercial and Tndustrial 
-	 -- plctos

Minnj System [5 7,020 

,;Cvsories 1s 	 V.1101 woteris 

---

used InIseveral institutional and commercial buildings-a 

I's 4,000 

(hote li, horpititlu, schoolsa, etc. ) linSudan. in hotels~1-is Used III the rooms, the lkitcholl, thle laundry Section
111i the Liwimnming pools.. -(ilton) - -

hot water,
and, occasioal 

only 
LS 27,000 TIrbie 5. 16 indicates the hot wat~er requirement s in' the five 

Cists 

Ilts 
iris 

__majo--

LS , 65,n10-

i LS S0~10-r. 
LS 1SO f/yr. 

.i's 2,700/yr 
[.5 _2___ /__ 

a 2~~~IH/Yr. ~ 

-- --husInYatm.inlet water temperature ranges between.25-27*C In the w~inter and 28-30*C in the'summor. Water in heatedto 0O-65*Ceither directly Inadiesel-iu orf - ilfred bolg-r -.
ifraak and-?Iaridien hotels) or, indirectly In a-heat-exchanger by athe, steam producod from a. conventional -holler~(Hilton hotel and Friend.-
ship Palace). In Lhe Case Of the Grand'lIot~ol water Ia heated In edcctrical hot water -systems (capactyof 50- liters in tile room~s, and 500 ,
liters in thu, kitchun). - - --- a---aa~a 

a aa 

-a -

[.5 Z5,IOYr -Hot water is also utilized In several low -mpraurindustrial . 4 

a - - . -acids-

aprocusaus-. 
9Q 

0 
C) 

Oil and soap 
for thea treatment 
(neutralization)~. 

manufacturing 
of oil withacaustic 
Food-processing 

farctories useu hot waiter a(80
soda to eliminate fatty

industries utilize hOt' water 
a - -" a 

aaaa "of 25% requires about 89.5 
to poduce 262.8 ?4WI?yar. 

fatojllepot, Nov. 1981). 

In washing (65'C) and pasteurizing 

preparation of bveragesa(7.80*C);-3 
,tensivL amount of hot water 60,J*C) 

proes~ses -169-65 

TexNtile factories 
-in the following 

C) and3 in 

utilize 
processes,. 

thle-' 

ana X< 

a cyar, anti tl It of diesel 1Singospnyarn[ 

~aa
4 ' 

4--a-6. 

a.4. 
a. 

Aa - a~~~~~ 3 

Wauhiing of scouroed, abpachod, 
-WahIng of~ dyed go~ods 

Washing of. reactive and "naphto1". 
I'tnparadlon of "naphto1~aion"
PreparationI o f fini shing liquors 

and m rctrized 
aa <

prints ~ 
baths ~--aaa 

cloth 

knd An ima I Residues Data Base, Ia .aa3- 'a aaa 
a--.1rktng~~aaia of-aa. Makein 

1;;avad.-ood andaltral 

aa 
Reeac De~ 
Resources. 

-a 
Table'5.171ipdjcates 
Of Industries 

aa-
,withalow 

the 110tawater 
temperature 

~ a ~ 
requiremnt 
processes.a 

> -a 

o,'aselected 
4 

a~'a~ajj 

numbe 
'44:-I-

is;A lNew Form of,: So] id--Iuu:" a1 aa- solar Water -heating system) is a wellQodern stratd4J'aaaay 1978. ,~Ar 7i-aa~,a---<- iwhich~already has-widespe ,aoiata 	
teoloy a 

onaa~worldawide'.basis a,-a -' a aa 
rri UsingAgiultural' a--pu- solar.fr to~ar~circulate v e I o -jpp-fi;tafoundation- 4 -a'astora 11a ~tank. through athea collector,-isa most ~roraei~oioca 

ya~aaa~aa--~a~aa ~ - a aad industrialbuildin~gs where electricity-and runninjg water aea-> a J~~~ ~aaa~&, 'a'--4 j p-,' a MPal ablea.;-A' typicala flat'lt.ofirtonohss4 	 of a glassa--4AaaaP-aa.A--a- cover jilat~o 'a as br'plate Wihcnbms ,ofrom a varietyaof '-" a 
3 

>a 

7 
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~ atriis(ste'ell CoppIer or, alum inum)-insulat'o.adawoji~~~<Th tlercompo~nents, of the solarc~lcb 6thi'lo':Ian~j waiter heating syte 'oocasin g.~aesiic uW beside ih'~ K 
mounting, piping, Pumps 

e storage tanks,, structures 'for c'ollectoI' 
'and~controllers.-


IV) Technolo,8y Cost Characteristics, 
 ~K S.*jk~~> 

The performance and- co~t characteris'tics~ of a tpcls~r~~Y
water, heating systemh which can be manufacue lopcalslashown
in Table 5.17. 
 i 

Aone square meter collector sys Item' costs LS, 180~with annualoperating an~ maintenance 
costs amounting to LS 9/m2/year, resuting119Ll 2 /rIYear of savings" when displacing fuel oil, and LS 42 5S/m /year wheni displacing diesel. 

The Imicro-economic, analysis' indicates *that, such
4\ 

investment project has 
an energy,


an internal
displacing fuel oil rate of return of 8.85% when
and 20.6% when displacing diesel. 


.V) Implementatioi Issues; 
 '' ' 

The manufacture' of 'solar- water heating units inSua. nolre no significant technical 
constraints or" resouirce
neairly .1I limitations withthle componen~ts of, thejse sys temsThe requ irenmnts' for' techn ical, 
being locally produice'd

1abor Lfor
are also wi thin 
I assembly and 2installationwell Sudanese capabilities. Training coursesdesign, manufaicture, in theintlain prto n maintenancesolar 1ater heating systems w1illbe needdo form a 

of
'o technicalteam o~f Sudanese enginieers capable'of introducing ;these systemsin theo commercial an'd indusrial 'Sectors.  '" 

The extent of Sol,ar water' Iheating utilization 'in'Su~dan de-'p.0n1ds Iarpelv onjgovernmniont 1)oIicie s. Mahrkct pe iet~ration
tjon of fuel costs and supply, ,sola&r sys temn 
is a <func-

bility and costs capital availagovernmeit" actions (tax de'duction~s, subsidies on' solarVsstem costs, nd'xteiit"of suibs'idcies on conventipna fus,. 
labeI , 18 reflects the nuzmber~ of solar heaters' (andwaterSqJUi.1-
 meterS Of Col11~tOr aa'). installed by 1985, 1990in thQo low c, m~ediUM case and 20004 

In the 
and<high caso impleme.ntation scenarios.mled iuml case scenario (mairket p~enetration: 2% in 1~985, 41- -in ,ndl0~
iqo n hevar 21000), 836 sjolaruns (22 wuit1ill be,installed io 1985 di's'lacing 10. tonnes of diesel/year and' of o/I)car . In,19 90, 1672' uiiits:wil 

210 ton''ne's0' fuel0 
dispIace 20 t'onneso6f'dis /year. and 420ton'~nes: of fuel'1'il/yar', "andc;in"the year- 200.0,J IiM0Un its w 11 displace SO tonso 'i'e")er and 1050' tohnnes~
Of fuel oil/vciLr. 

<4'

~"'< ""'94''4. 44444 
4 4 
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TABL 5.1 Hot4 Water'A Reui.mnt of Majo Hotel I - hr 

crstc'o4 
ai tyia Soa Hilton', 27 203 ul i RosKtce 

cturLd is showloal WLe eurmnsofMjrHtl nKaunrynd 

hetinLS s1ym b ese ing Pa oel 21. el2oom0 FDiesosmpinRoms Kitchen,~u
 

J~ isl rn 45 4 (t27 nl/yr. ., (1) Elcrct R m and Kitchen 

Lritis olr 2745
f'atpicl Hlton 
 26.5 FueelOi Rooms, Kitchen,
~.turd loclly shon4 

.Laundry, s 
 n
 

asstoly and/y r rns ting Pancsal Wae Cosmto
.Teraiin iSw roms, 0lier
oosse inth e Friendhipn Wnnunr ithe D /a-50 slitros , Ktcen
 

t*odcingfu eli syn sms 
 4Lunr
 

thtet ~~SotC5 Hachn Sysnerem' 
ufrturzanOf 8.8S1 whe Pefrand nce 1hrc45 7.MW/r 1)Eetrct'oosad ic
 

teacgos el. ia vea -:ca , ooe Ktca, 


it!imlemeunt in sda rinols, Me1n Annuatiosr Aeratie noccupancy.r ate 70hr~klrresiourc imitat1o8S w1ith Mea Anua Enrg Produedou 3(.wajm2er'caratr 4 ',5r u ins( oc2 l producwlle I nulAonto uldspae 1 .32Lneo.ue i/2ya
f asesel/ye andi 10tallione ; ae.osmtoi om 02 fltnes /diey2.' .. 

ecs.Taning thours 0thfe 15 yersoamt~'nKthn*50l /ainipen

en/yaand Inen ones
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thshaytractABE 
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tiens, uh~ldlesolr . 4 oasoletrpnl 2m/ae).. -

4P~ng
soLS water2/~a u(edrsispacongtr ol at LS4185tn
 

2
;'*~~~~ imleenato 8c.naios.disating fQ oil)' .(onAnalSlr/ea "tfl(Khartoum) 


andfiese/moyea~ ~ islpi~ ~ 2/e0.2 ttnat 0!~ 
~~car,~(1 u n15yas 

4n 

in Bandoen 'efficr200ie 80% 4-~~sei/Pipinone' and~-:
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) ntrobductibon : 2ji 

ca~ori~1ie woo~ n~pCsdug1. the, ground' o~r nr.L'&I, sid of'
hIpiTikt ns ) or~ to cover a'pile of packe firewood with ert '' 

c~hao1 producton methods require -,alIm~ost" no,, c,1&al~ and'i cab 
t~ entre b'i-I4y, from ,1locally-availbiinaEiiais by-peple

<~lcJ~z~4tdcnca ep r1c. tHwV e IradLrition~al p i, and 
r>-JkIns h~~a very, low, yieold_(8-10%) an6 eh'"quality 'o ficharcoal''f 

4------ 7 1,f~t ftrch-dtGfi7t~b -c:irEo E.YF77-di7fE Lonh, ) F&reased1 -tI'''~~cu~t~inq -rigahringof woo' .for fu'el1 in h&fom fi'd5Y 
d'V~cch~it,:oal has, led, to~increased deforest'ation,,rates a'round u 

,a~nd la'rgu r urail co'mmunitieS, 'resu lting' -in,"ddser enroachmen t , soil 
'4, 

d e .riiora tiorn4decline" in arclua output-,and food: pro~duction
sand degiracdaton of the, range lads 

I nanatemt; o edceeising ,.zi'tcal deforestation4 rates,%~:~L$'imroved kilns 

in<Lrtodcdin Sujda'n. The wide-spread disseminatio 


nil charcoal (s tat ionary~an'd potal 
,,of Lhl'se in 

whc have'a much kihryield: 175) than , "L~ional -kls.,.
produce bttr uait arcoafl 'c orific valuchdo (igher


-Itror~f ubste ial less woanwilgenerate significant 
 e omnthroghhe ssoiatd frewod collection, pr'eparation,:and burning ',j and charcoal' ditiuinan aktn activities. 

Imlprove2d charcoal kilns include f ixed or stationary. kilns" "'' ' 
which can be miade of brick, cement or cla'y and. portable metal',
kiJlns. The two most popular improved kilns o1nsist ofthe stationary.7
Mas~onry kiln (deri.ved from the" Ame~rican Missouri n'djthe,~ vakl ~ 
portable steel kiln (Mark~V Kiln) . 

The production of charcoal, by the masonry.kiln, is the highest.~
In quaiity'as, well ;as in quantity (2%yield)". The uiialn.o 
thw-so kilns is restricted to places with abundant, and-contin'Lous~ 
.uLpply of wood suchis atgoigfrs pceEclu't 3oliain aigan annual allo'be~cti exes o2m pehvng3s at-rwgfoe

hotre. The construction and maintb'narice-o the masonry *kaln .re-7~
trjsents no difficulties. Each kiln--has an opening. in 'the 

~~~a~tin ct-sp'ece s (Euc,'Ompe '
 

center 
( the floor from which the gae re~'veted ;'t ahiny The , 
cover is jcainless steel, resistant to :high, tenperatures,, the . 

-' 

pc
~fIoior and walls made out of bricks, 'and' twodoor.'l-low easy 
 ~ .loading and unloading of' the kiln.,The only maintenance -needed,
consists of paving mud slu~rry to seal possiblecracks due to~over
heating- A mixture of clay an.ortand cement,-or. cement alone,

Ljor, clay alone, may be used as a binder. One"masonry kiln' may be ,i ~ 
Sbuillt in one or two weeks by 
a mason and,Thwo assistants..~
 

ste'Portable steel kilns consistty'pically of two cylindrical-'"
selshells, a conical lid and four chimneys. Thei'r mainadntg 

is that they can be used to improve- the, stands 'of, th'e'tro6al i'
 
:;2~;forest, utilizing 'the non.-commercial'specI e.s1:an,1 re,lacing .them ~1.
 
Swith commercial~ones. However, they rqi back-tip .. ~"
maintenaInce ,


suhas .Steel-~plat'e welding 'and heavy' sheet-netalr work inIg- I aaIbiiy
Iadd io, hyare subject" to teoccurencejof hot, pots s
 

a, ~sl of ',local 'overheating) leading to "buckli ,a
d,,.o 1 Lp"seo ,

'~sections of the shell. 'The ',low4-'n'sula'ti'on:'al'- t. -kl
ngjsad
<van: slow .down the exthermi'cded6'comoalue'of - the d'seate 
,kiln 'wlls: (action', of' rain:'and' wi'i),'rs igi n'xessll
 

~ produc6tion~i of. partl'y' carbonized.'wood,:,.The', 'od a to he'"rdced,

,"tobl"6ck~in(tyically" 5b'ci 
 in fengt w4ith dia eter not exceeding

-20cm) . The&'steel, euie odand c~6harco'alqin ehe to be" loaded
and unoddoe h t'op rzim of ch 'm section of 'the ut Is 
an mcoeibros netkn thnwt hm'asonry,kl an a cph i able 

,., osnand haraesh n n s 5.toar:msor.ae 9.i an .a-p~a 



V B~ echnology' Cost Characeristics 

< produce 44Jtonnes of bch'rcoaliannuall .,-fi m 416 tonnes~of firewood
 
s'hilor le f a4ma- a r f or,, collectin g.
n nu2al, 

S' preparing~and burning 'the ' firewQood. !Aportal*i&eiAln"cstn
 
650LS:'(i82) 'Will uce 44,tonnes ofchroa anua 
 r
offirwoo of ,annual labor.220 onns requirlng~ 24~ man-monh 

',on, a,, micro-economic' point of 11.iew7,,, theicconstruct~ion and 

Sw'iqil have a.n 'int~e'na'17ite of' retur'n -of l1070.5% :and,"'5 9. 4%
~~respectively i(see details in Tale5 2'.I>y,0 

IV) Implementation lIsstes,~>' 
' 

at The annual consumption of charcoal in Sudan was estima- ed.'>500,000 tonnes wi'th about 90% of the chrblue i r1~V>
 
and rural households and the rest used in small scale industries ' A

(,brick making, etc) . In order to project the future contrlbutioh ,
of improved kil.ns for charcoal rduction in,Sudan,- three iinpJementation scenar s were considered"'depending on'gove'rnment policies,
and incentives, and on'-institutional considera ions'such 'as' the 

creationof a charcoal cenr.~i 

' "
 

This center will train.Sudanese.:~
 
personnel to build, maintain, and operate ,se'Ieral'types of kilns
(fixed ma~sonry and portable stee.~kilhs)~with good utilizati&onh ~~
 
potential in Sudan. It'is desirable also to creat'k mta.,workshops

in~highly forested r~egions so as to 'provide'maintenance back-up

to portable steel kilns (with steel-plate weldinq and heavy! sheet7
 
metal, working equipment) . The activities of the training. center,.

.and worksh'ops should be coordinated by the Forestry Department-
 ~ 
in Khartoum.' 0 

'Table 5.21 summ~arizes the.1thiree scenarips 'considered and '"j

,-Idntif ids the fraction of the' tot'al sSdan<charccal market 'which "'
 
cani bi '>ppjttred by improved charcoal kilns 'in 19851, 1990 and 2000i
 
In'the medium case 'scenario'.where the projected total marketE pene- j

tration is5 l%>in 1985, 
 21 a,18 'i heya30,9000 42onefix'e 
kilns an~d '4 port -. le kiln wll , tvicabou '0,000 ~4 fixed woffirewood in'1985; in'-19902 twicc as much, and in.,the year 2,000, eight,'~
times 'as much'.> ' 

TABLE 5.9 Tochnical and Cst Characterstics ofla St.ationary'K, ., 

M~isonry ad Potale metal Kiln '" ' 

''Stationary
Type of Kiln' Masonrv Kiln Portable Steel K42n'i " 

'4 Materials 
' 
4..sheets, 


4 

4 

Internal Vol (m3) 

Cycle-time (days) 

'Charcoal production444 

~4~'4 4 '-(tonnes/ecc e) 4 4 4 

Typlical yie4 (~44 
Li 6 ,)f kiln (years)4 

'Labor' .q'uirod''' ' 

(man zmonLh ), 
Capaci'ty fa_ t'or' 
Annu'al4-cha'rcoal~ 

Stainless steel' (24m 2'ofAflat 
5'28nm thick). Stan-

~dard bricks (7000o), clay ' 

9oi cement (50)ug)
Metal rods and.~ bol1ts.. 

25-30 
10, 

'6 

'2 

"'4, 

3 ~.0.3 

25 ''4 

' Stainless steel 
'Met'al, rods & L 4 ~~' 

4b4.4l4 

i 

'- ""'''
 
"'"'' 

2'0' '"'4
 
' 7 ; '. -4 4' 4 i "3 ' 4~'~ ''''~ 

4 

4- ' "4i "; 4'' ', '' j"4..V4 K 
1.2 
 ~~ 2 4:.~''0 9 '' '' ' ~ 4 :~''i' 6 ~ ~''"-'~~'''4& 

4 4 4 
' '4'< 

.- ~o-c'"produc6tlon (torrnes/yij'4 1044"" ~ L.~~<Iv InvestmenL Cd's't-
'' 

- 444 ''~44"~ . 

(1982fS), " '&6'~~ '~~~ 0750~"~300 
'4~' 4 '" ~ 

4-44 ~~~ K 4- .%4W4'~K''3 44 J14V~-~I' ~P '4~<4~~ ~ '6 

4 



andL art-~ Rei~qonal4'Advisorm for Carcoa Iri s 

"arcoal~ Making fo SnL~lS' 

.4.Uhart, 'hroaeeomnL:i ey United4 Nations4 Economic 
V~~fl~J~F' CA/FAOFrs Idustries Advisory Group;~
fc'A'iq, ddisAbaba , 5~~ AJ~uU.95
9474~-' 

TyL u, _ MaonaSteel~fStationary 
~~~~~~~r'il - PoraPotbeeatKla~-

~ Production (tohnns/yO) /104 4,'~44". 
SAmo,,unt of "firewood required,~ *~, 'v 

Lon 416(trr.e s/YPar 
 220.,
4Anoun c of 'firewood'required"a''
for, traditio nal kilns '-''4'- , " ' i~-'Y 

a>.(tonncs/year) .,(assuming 

'"' Amiount of firewood sa100v4ed<'~ 

-&~~(tonnes/year) ". 624- 220 4~44'b.'
 

.!ILjfe of,' Kiln' (years) , 7 
 3' ''.
 

'invt'stmecnt Costs. (LS) , 300,0 '- 6750,
 

Operating andManenc
 
Costs ML/y
aineace)'r
 
(1 r-an-pt 400LS) 6'0 0'A 960 


'-SavinTs (LS/year)4 

zssuming 5price 

4
 

1 of f irewood= r'..
 
.v4-.6OLS/tonne) 437440 -- 13200, 4
 

k"Ai(assuming 
4 O&M costs and 

:at 10 s/year) 1070.,5 59.4 

4""Ref 6rrnces:, Same, as' Table 5.1944a. 4'.. 

4 ,,...TA-BL 5.21 ImrvdCnarcoal Kilns ImlmnainScenarios 
Low C's Sc na i ' 198 19 0 2 0 

'~'~"~Fraction of total Market a- ~~' < ' ''--'''i' 

~<'Numiber ofa-)',Stationary 
SUnits.. 21 42 168 
Number of Portable . 

"'"4Units 71. 14~ 16a a1Amt. of 16,'Annual-'4, Firewood14- - -"44' 
4S.4:;aved,- (tonnes/year) 14,644 29,1288 117,,152 . ->.''(U-'''~ ,'44'' 

'~'"4Fraction-, ~ ,, 1 2,~ .a-~8 - "' " 4''",4-444aA4''>*
 
4Nurnber aof 4Statio'nar~y 4 .24. .4a,,''t
 

'Firewoodz Saved 29 54 7'' 304~4~-4? 4f_'4 288 8~4'4~46'4 231 

Stationary, Units, 8468 67 

Fieod"Savd-: 58,57 6'- 7;'45 2 468'6O 

http:AJ~uU.95


i 

Assumnpt bnS'- Estina ed c~acha'ro pr Icd o ~ 
m. . 0 .,000.0 
 gtns/ya
Numer "of Staionar'y t three .mea greater
 

:n1A.'amoun 
 of 642
"tne f'oirewoo Tle~ an20 

A Iportable "'kln sIaves 2210tonnes of, firewooId/yearA
Swhen compjared~ to tradit~~ional charco 1 proddUCtion~ 
Smtho!a s( able 5.20) 

6.0 .Reoudatin f . nea Eeg Program 

The marke £potentia l of rerSuan aper cs jijIto be signiificanht,.' y..,,rtu(.? of several factorsu s ,thearenewabl il~fa"laity ofc oen esouOrce s,,soar~ energy,windeergy agricl tOral reIsd ,U etc,Sof energy consurptio'n Sudan the 'd..entralze.d ........
and',thejcountryl's,,increasedY~4 de-'yi~1~.-pendence on 
import~ed p~etro&leumn products.,~Rneable enerysourcesu

canmake 
 sicni 
 ibtion 
 ingfutureSuda
ienergyi
'si i
ac , in' a &nm'ex s tad'ur e le'
imported oil 
thus redu& b 
 any; of-p 

enewable source's 
ei and unel e
utiliation, 
 can Ialso d rt-l-.forsttin nddesert-iiic~itjon rates arout~did 
uba ancVrra
comuiie hieguaranteeing a continuou.su~ 
 P '0Itwilcreate a manu'facturing base for reniewable_ energy te~o'ge:
~resulting in employment generation and' in~substantial foreign


change savings.e 
ex
 

,
 
However, several~ constraints limit~the application ,of-'

newable energy 
re> -f

technololgieswhich 'appeartechnically-andeconowiii,,
cally justi fiablc. 

gram of a Renewab1,ney,,Prois needed to overcome, these' obstacles~ andpolicies and deropojb6 strategies'which will encourage'. the~~renewabl]e widespread. utilazation. of,~~energy resources and technoldgies m propriate .to~
Sudanese~ te'chnical, econom ic and. social c nditions. 

Sstraints to the oflmettrenewable-enry eao co
c lude, theo fol 1owl 11nCe;ypl1cisi~(
 

1. The 
lack of govelrnment and"r.rivate institutions and. 

Sorganizations 

' >~
 

g ainina 
cbpable of aeveloing testing ndmainrenewabhie onergy system, v an I~
such systems with agricult~jral oficoordinatinglactivities.
 

2. The' lack of'technical experts'-.a, d techriician3 capable' ,.,,of ananlyzgies
in to' be employedspecjific. Situait~in,~servicing the ,equipment to~,be installed and manainthe overall opc.ratic'n in a
tCechniicall n C)1!arialg fici 6t.anLr1.WThe lac6(1y-ne,'hial~jfiinofefctv i'nfdimation, exchange. and,<men of ~no.tecdhnology transfei c industrial countries 

-'~and Sudan inL the-- fild of~reujewables. 
".Shortage'of small-scale, low~~st, *simply' d,-asignedn-abe enorgy tcholqe,,iih r.appit 

re-
Sudanese, condition;tetneco o' 

i developed,coUntries has bee t deeo~aesclehigh
technology, ss tenis2reciiuiringspi ti'ae pos'o 

systems)''-
-, II 

S6.,Alak of oward reeables~ on the part of ~ " 

whobe~e6_- _ tlth technologies' are flot economically
comociivewitl cnvent1iona.1 energy, Systems'ndtafurherresarclliandz developm~entm urcial t~o of Llies'6 ~eh o iies. edd~ eo''cMe e~ ~ o c'ntk 



a~Lk of: c't ical experiec ao~nrn tion ,boutt e 

r~i~zability of renewable technologies inoe t& 
pn investmenit.clriy i ssues' that mus1t be,. faced aor 

The, \ationai Renewable, Energy, Program,,which will h~elp
 
overcome-t esi rEos
in5ts;i -hFulaa aZ9h7Tcihfceonm
 
nancial, and,.insLitutional issues in:'an e'ffort 'to 'support ;and 'en

ra*- renewable, cncrgy' te'chnology cdcvelpmn inSdn1Scou 


6.1 Technical Issues: 

Technical efforts should be directed 'at the,-rTseairch, develop-~
 
mcnt- ard demonstration,of most promising and appropriate renewable
 

~'? tuchnologics for application in Sudan. For-.most renewable tech
noliqites ti major requirements appear to',be in. the ,de~eomn'
 
and demiontration phases rathcr than in basic*,evelopen,.thscn
 

4" 

a Renewable Energy Dem,nstration Program wilrbe,,very, ap 
propriatc: the installation ~\d operation~of a lim'ited, number, of,
 
renewable energy :project's 4wh.ichihave bee6n already ;identified'will
 

'~text, 

Sudanese' technical and energy planning' pers6onnel with~the
 
renewable energy options available 'and will permit them,.-to 'ac 


cjauoperating exper3,ence under Sudanesecon~ditions.Thtse~field, 
, , 

tests should employ a standardized evaluation proc~edure whiich, 
addrcssx system reliabil-ity, and) ,at inblt, ytmecnmc 

and performance characteristics/,elative to 4ctrrntly'availble-


Sacquaint 


energy, options, implementation issues,-and IenerIgy :supl/dtibin
 2S ;.ip1 ic ations.' Based on the resul1ts obtained,(:f rom,th'is 1demonstration j 
~*ir-program, enwle energy, systems most aprpit , amnufaceture- . 4 

'and use in Sudan will be identified. Socio-cultural-and irist ttiEinal,' 
issues which could siqnificant~.y impact 4the, wid6'spread utilization'-:-,-4,.4i~ 

'oof these systems will also .be-analyzed. 7'i; 

Several renewable energy projects which may be lincluded-,'7
 
in the demonstratiton'program have been4 ide'ntif ied -and the ir"1 techi~ca]1 
and economic char~ckteristics have, been analyzed. ,They include:'), 4~ 

a. The~ installation of windrilsfor waterpuimping ap->4 
plications in.agriculturaL~ schemes -with7high .annual, .4 4 

2 (Kh 

Gezira and Uppe'r Nile provinces).-

wind',power dehnsity, in excess, o.f2OW/m artbum' 

' .4 

-'b. The introduction of improved stationary :brickkilns in 

*banana plantations for the'productioii of 6harcoal from-1 
banana trunks. ~K-4I4 

c. The construction of anaerobic dgsesidary farms 
(biogas production from~'animal residues) ,a.nd: in rural 

, 

4~'' commn~ities alongthe White Nlile,(biogas produ'ction-

~~ 4 ~ from water hyicinths). ~ '2 , 

The- installain f solar water heating. systems in 'com-.~4
4 - 44d., 

atplic~ations (Friendship'Pal'ac'e,Hilton,,,Meridian,'44
 
G rand and Araak hoes an ih: e'4-e o--tmeaub 

~'~industrial, applications4 (textile -indu'stry,;:, Sudan,.Textile
§CO.' soap a nd oi1:industry: Oa sis ,0iJl ,; food,,'rocessing, 

4 4 

K ~ KarimaFood Processing, Factory' and Babano'ussa 
4444 

-mercial 


4 

4'K ~ d' ,.ark'ctry) . ,444 4 

4inroduction of. briquetting plants-44inagricultural44e.:The 


44 ') hnmes. (potton, grouhnnus' 'etc .}* fdiothe -production'4
 
of-~> ii l'hous~edd
6ffuel-briquettetobuiied r 


and4 'indus~trial1 boilers.-,& 

4 

' 

4,4'*1~''~-~f~'The-inst 'Jiti'on 'of agriultural rsidue'gasifiers~for-. 

e44e"-iiypouto i'n agricuiltiarally-based ind~ustries.~ 
Th _ adJportable Letal~licnrdcino,fi'ied mrasonrykin


'k l s ' o r p e h a r c o p r o d u ct44i 1i o c ~~k a o n
~g.heEo'dt4-oz smtatol oodstov4 ~ 4 4 4 

s~~~for ~ tori 6,f~~s 'i br v pi.ch od l ,e s~-"and'' 4 44444~444 44 

http:utilization'-:-,-4,.4i


In an attempt~to erncouragetvthe & andcommnercazaono

J2.~renewablejenergy resources,, and, technologies, the- Sudanese'igovernment~ 
"'should'',d'opt 'legislation:' andrpass laws-'favoriuig'' the,-,uti lzatioi of~
 

renewables Iin .,the -in~dustrial', 'onrercial-'nd. residential" sectors,
 
as partof its National*Renewable Energy Prog#am.'Ecobnomic and 
~ 
fxnarciaimea~sures,shoi d'be deigned,,to, c'eat'e'a more: favorabl,, ."'
in~estmentclimate for 'eeal~nry In thiis context[',',the"Sidanese
 
goY-ernmentca 
 ofe s'ea ye feo'mi n:finaic'ial in
centives. ca oof 
 ec n ic n 

a) Income tax deduction:,the costs'incurred in the manufacture
 
of renewable energy-',systems,,facili'ties 'azld projects will'
 
be fully deductible 'from gross income.
 

b) Reduction of tariff duties and importation tax: Sudan
 
will have reduced tariffs on imported renewableenergy
 
systems which are not available or manufactured locally.


c).Exemption from tariff duties and importation tax: Raw
 
materials needed for the manufacture of renewable energy

.systemsywill be exempted- from tariff duties arnd
 
importation tax.
 

d) Provision of low-interest loans: Government financial

*institutions and private banking institutions' should
 
provide low-interest loans to 'individuals 'and companies

involved in R &Dactivities and in the manufacture 
and installation of renewable energy systems and projects. 
 S 

e) Subsidizing the installation of renewable energy tech
nologies in government buildings. 
 a
 

f) Mandatory installation of solar water heating systems 
 n

for aoll new government constructions and new commercialP
 
and institutional buildings (hotels, hospitals, etc)._


g) Accelerated depreciation in the, industrial sector:,",
 
Depreciation allowances for manufacturing machinery'llused,

for producing renewable energy systems' and for larg,\

scale renewable energy pr'ojects installed by industrial
 
firms should be relatively high (30%).


h) Provision of grants to rural households: Government ~ 
grants should be provided to rural households with limited 
funds for purchases of renewable energy systems.,.

i) Subsidizing the price of gasoh'ol and provision of tax 
benefits and low-interest financing for establishing
molasses distilleries 4 for the' production of ethanol., ""4 

These financial incentives (low-interest loans, tax deduction,
 
capital subsidies, g'rants and exemption from tariff duties)-require

funds which can be obt'ained from the amount of, foreign exchange

savings generated by displacing imported petroleum products. 
 ''1 

6.3,Institutional Issues:
 

a) Increased information dissemination:
 
Wide distribution of information on renewables will'
 
foster greater awareness of the potential role of re
newable.'technologie ''in Sudan. The information, which.
 
can be disseminated through organized trade shows,
technical seminars and conferences, include the following:
 
i. Cost~ performance, operating,,maintenance.and reliability
 

~j.~ chaactrisicsof renewable'energy.'technoligies most
. 

appropriate 't6.Sudanese technical, economic and in-~
 
' Dsri~ti'on~o ci-'rent eealeeeg rs''cha.~
 
.development programs;: technical. and',operating.data, .
 

''o'fcurrent .dernon!3,tration 'nd 'field-testing projects.'
 

~:~~AV6a1abifity. "of equpnnfrom manufacturers. 
eneirgy lsystems.'4'~ 

4 44 -~1'~ 

Es-b mn e orm -i.,o nc rs Cfqr,Renwbe 

C 



S Renewdable energy, systems must be tetdfrcneso 
effciecytnchnical~'nerformance 're1liab4i ity and op-~

crtn,,Ihrceitisb a government,&-r: by -a'pri.vate 

"47'T~YAccptab'le' isy~m Ml 6~hiesjWI ~crtf~~Tf ' 

<44~~~ rom' t e -nrg a 1, is easure of ' 
~A~m~iuneptet~hwil 4 ' ost he4onierce of! potential '":z 

Kusors .n r'cn ab le ener~gy technologies.~I 

c) Training Programs:-

There are important needs for' techni!7al training'':at 

1.Training of Sudanese Nati'onal Energy Adi)ii~t r i onn 
~personnel ie'tablishing Ia network 'to provide plan-. &"--" 

\ning and implem'entation support, toregions .and villages.., I 
ii\,!riaining of Su'danese ene'rgy planners,,in the, technicadl,

economic,'- and institutional 'assessmeiit lof renewable.~ 
energy systems. ''4 

iii. Training of field personnel n'cessary for4 h,,dein 
manufacture, installation,.oeao and mithendsine 
of renewable tec'hnologies. 

II These needs' could4 be achieved through the implementation of. 
st ral1 renewabl1e energy training programs in Sudan which will form
aicex"ports, planners and technii's 4 sprii~'~~ 

U.S. for 'a hands-on training program in the various, .,ecsof
re ''-
~ V,.W'dJe cner 4gy-R -&D and for an extensive tour of U. S., 'renewabl 

-- orqy facilities. ~ 
.. 
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