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SUDAN

POWER IV PROJECT BRIEF

I. Sector Developrsent Issues, ObJectlves and Strategy

Introductlon

1.01. Ihis paper is a brief on the background, detalls and flnancing
requireBenEs of the proposed Poser MroJect f or the oe$bers of the
Consultative Group prior to thelr Eeeting ln Decenber 1983,

Organlzatlon of the Power Subsector

1.02 Ttre power subsector Ls the responsiblltty of the l4inlstry of
Energy and Mlnlng. Prlor to !,lay L982, power and water supply secEors rrere
governed by the Publlc Electrlclty and Water Corporatlon Act of 1980 (PEWC
Act). The Publlc Electrlcity and Water Corporation (PEWC) was the oaln
produeer and sole distrlbutor of public electricity ln Sudan. In May 1982,
the PEI^IC Act rras repealed and substituted by the National Electrlcity
Corporatlon Act of L982 and the Khart,oum WaEer Corporatlon Act of 1982.
The new Acts have introduced radical changes ln the organlzatlon of the
Power and water supply aectors through separatlon and reglonalizatLot. Ihe
NationaL Electricity CorporaEion (NEC) was established with responsibtlity
for developlng and ruanaging the power facl"llties of the national grids (the
Blue Nile Grld and the Eastern Grid) and the htgh voltage dlstrlbutlon sys-
tem ln the Khartouo area. Power operatlons outslde these areas are to be
transferred to regLonal adrolnistrations. The operatlon of the electrlclty
distrlbution system ln the Khartouu Province w111 be separated froru NEC and
taken over by a new organlzation ln several years tlne.

1.03 Ihe legal and regul-atory fraoework for electrleity organl.zatlons
ln the regions is vl.rt,ually non-exisLent and therefore, NEC ls provldi4g
assistance in adodnlstering the reglonal electriclty operatlons untll
regional organizations are created by appropriate legislation and are
suitably staffed, NEC has drafted legislarlon for enactuent by the
Regional GovernmenEs and is asslstlng then in reviewing, nodifying and
flnalizing the preparation of leglslatlon for each regl"on so thaE
electricity organizations can be establlshed by t,hem. The Government,
intended to request USAID to asslst ln establishtng these organizatlons.
NEC estimat,es that t,he Regional Governments will be in a position to take
over the ruanagement of almost all of the isolated eleetriclEy systens fron
July 1984.

operations and Maintenance

1.04 NEC is beset by inadequate rnaintenance procedures and practlces.
NEC has lherefore obtained the services of consultants, flnanced by USAID
and IDA, to help inprove these areas, and has also eubarked on a training
PrograE financed by ODA and IDA. NECrs dlfficulties are compounded by lack
of spare parts and uaterlals dr:e to the virtual unavailability of foreign
exchaage on a regular and systeroatic basis. mC depends aluost entirely on
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lnported materiaLs. The proposed proJect
of spares and naterlals as one of its

1.05 Under the t,erms of IDA Credlt 1006-SU for Power III ProJect, rhe
Corporatlon Itas required to earn a rate of return of 87. on Lts average net
revalued fixed assets for electriclty operations. This requireoent. lras
deslgned to help the Corporation generaEe funds for operatlons, debt
servlce, developnent and worklng capltal needs. After the tariff adJust-
nent which went lnto effect from July l, 1979, the CorporatLon met the rate
of return of 8% for electricity operatlons ln FY80. NEC did not Lncrease
its tariffs to reflect increases in costs subsequent to that date and
consequently, lt, has falled to achleve the covenanted rate ln fYBl, FY82
and FY83. The Corporatl.onrs flnanclal posr.tlon therefore, has been
extremely weak. Government has now approved an NEC proposal for tarlff
lncreases ranglng from l43Z for domestlc consumers to 2787" for sma11
faros. NEC lmpleuented the flrst stage of a tto stage iaerease Ln tarlffs
for consumptlon from April l, 1983. The lncrease Lnplenented ln this Btage
averaged about 100 percent. NECrs Board of Directors and the t{inistry of
Finance have approved the second sEage of the lncrease to take effect fron
October l, 1983. The l-ncremental lncrease Ln the second stage ls of
slmllar nagnitude Eo Ehat in the first stage, thus brlnging about a total
increase of about 200 percent over the pre-Aprtl 1983 tarlff ievels. These
increases apply to the Blue Nlle and East.ern Grids, belng areas under NEC
managemen!. Sinilar increases are being lnpLenented ln the Northern'Reglon
but not ln other reglons.

r.06 Presently arrears Ln collectlons of accounts receivable amount to
about one yearrs blllings. The arrears arise largely from Government
instLtutlons and Government-protected lndustries. NEC stated that they
have an agreement with the I'linlst,ry of Flnance that the l'llnlstry w111
settle these accounts agalnst presentation of certlfied bllls. llowever, l-n
practice the paynents are often based on amounts budgeted for power
consumptJ.on which tend to be less than bi[ings. At the same time NEC owes
the Governnent and its various departments and corporations substantlal
aoounts in respect of dues such as customs duties, port charges, freight
and supply of fuel ol1. NEC is ln the process of selecting and enploylng
an expatriate FLnance Dl-reetor, and until he takes charge no progress ln
sett,ling accounts wiEh the Governuent, can be expected because there 1s a
vlrtual absence ln NEC of accounts staff of the required caliber.

Present Power FacilltLes and Service

1.07 IIydroelecJri PPfit-
o requirements. The Nile RLver and its major
t r i bq_! egies--rep"rp s es+-, *G€]ftEif--

-aave]-qpseuglE- the Sudan. -gnJydr-o1ogr""1 chaiacteristics of tte-tqfTe Erid--- -
its tributarieJ*Eie-Efffiiined based on detailed discharge records dating
back t.o 1900. These characteristlcs give rise to two critical conditions
in deternining potential hydroelectric output. Plrstly, water availability

_du_rigg _the dry season (Y.arch-May) linits r.!L
-___gglg-!ggi-*-S-e-eondly,-EEe-IoL, reselvoir levelTduring the early part of Ehe
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h downstrean_--f ]'ss-{*_.-se: son- -go. glined 4 water leve1s resulti from
large flood f1or.1e_E!:vaie reduce

sult ls that, the ltrax power ourput at the hetght of the flood
season can be reduced to less than hal-f the lnstalled capacity. In
additlon, the waters of the Nl1e are also used for Lrrlgation, which
further liults the extent to whlch the hydro potenttal caa be reallzed for
power generatlon.

1.09 The present public eLectricLty lnstalled capaclty ls abost 307
M[.I, of tlhlch 160 MW is hydroe].ectrlc and rhe balance ie thernal-. Ho*ever,
due to age and lack of spare parts and oajor overhauls, lhe relLable
capacity ls of the order of zLq !'!W. The prlnelpal generating and
transmission faciLlties are located in the Blue Nile Grid (BNG) along the
Blue NLle lllth an lnstalled capaeity of. 229 MW, of which 147 MW is hydro.
The BNG produees about 87 percent of the publie electrlcity systetrs' total
generatLon and supplles: (a) Ehe city of Khartoum and eurroundlng areas'
as well- as Sennar, Damazln, Wad l,ledanl , llassa llelssa, Es Suki, Slnga and
other Lndivldual eenters; and (b) lrrlgaElon sehemes at Sennar, Wad El
Hadad, Guneld, Rahad and Gezira. A smaller grld (Eastern Grid; EG) con-
neets hydroelectric and diesel poter statlons at Khashn E1 Glrba and New
llalfa Sugar Fact,ory. The EG ls being extended to Kassala. Total lnstalled
capacity ln the area ls 27 MW of whlch 13 MW is hydro. Power plants
connected to t,he BNG and EG w111 contl-nue to be owned, operated, and
maintalned by NEC. Ihe renainder of the publtc electricity capaciEy (5I
MH; all diesel-)l/ is made up of a number of lsoLated stations in other
areas. These stations are presently owned and operated by NEC but they
will- be transferred to the reglonal organlzations (para. 1.02).

1.09 The publ.lc eleetricity systetrs supply electricity Eo about
2761000 custouers ln Sudan, of whlch about 210,000 are located ln the BNG.
The dlstribution of electrleity eonsurnption by categorles durlng FY83 ls
given below:

FY83 ---..-NECis BIue Nile Grid
cwh z

Bi1led Consuoption

Residentlal
Bulk Supply (Industrial

and Large lrrigatlon)
Sroall IrrigatLon
Corrmercial and other

categories

Losses & Unbilled
@
Total Generation

302

286
i9

7L
ffi
2s0

933

27

100

3?

31
2

8T

Ll Actual seat out eapaeity in 1983: only 19 MW.
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Eleetricity generation ln the BNG has lncreased annually at an averag" rr*
of 8.7 percent from 489 G:t{h in FY75 (a year in which NEC was able to supply
aLI the denand) to 933 GWh tn tr'Y83. Slnultaneously, the maxiuum .power
generated on the ualn systen increased fron 86' MW ia FY74 to 158 MW in
FY83. Sa1es ln the BNG were 375 6I{h ln FY74 and inereased to 577 GrWh ln
FY83, and losses lncreased from 171. of. generatlon ln FY74 to about 27fl Lrt
fY83. Losses have been consistently above 2Afl of. generatl.on since fY87.
Sone of the 1osse6 are attrlbutable to unnetered consumption.

1. 10 Although some new generatlng capaeity has been added tn recent
years to the BNG and lsolated systems, severe supply constralots exist
throughout the country. NEC has had to lnplement a progran of planned
reductlons ln power supplles. The BNG has also experienced considerable
unplanned power cuts. Thus, ln the BNG area, a growlng number of consumerg
have lnstalled thelr own generatlng plant to ensure po!iler supply durlng the
perlods that NEC has been unable to oeet fully the denand on Lts systea.
Total privately-owned capaeity ls estinated to be about 100 M![, l.e equal
to one thlrd of NECrs publlc electriclty systeo instalLed eapaclty.
Nevertheless, there ls some denand which ls not served beeause Bany
potential consutrers llho have applled for electrlcity connections have yet
to be connected.

1.tr The ongoing Power III project lncludes the lnstallatlon of
generatLng capaclty totalling about 180 MW (60 MW fuel oll flred power
plant at Khartoum North, 80 MI,I hydro unlts at Roselres, and 40 MW dieseL
sets at Burri). Completlon is scheduled for october 1984 shortly after
whlch tirne the forecast system peak denand is close to the systemrs fLru
generat,Lon eapacl.ty. Thus, lnstallatlon of additlonal generation capaeity
would be needed lrrnediately after the completion of the ongolng proJect.
NEC requested the Bank to help in financing the preparation of the next
proJect. Upon Bankrs agreeenent, NEC slgned on March 7, f982 a contraet
with its coasultants for the preparatlon of a feasibiltty study for the
Power IV Projeet. The flnal report was Lssued ln June 1983.

Power DevelopnenE Strateg"y

L.t2 Power demand forecasts for the BNG, Eastern grld, Port Sudan and
lndividual regions have been reviewed and updated by the consultants to
MC, under the tern6 of reference for the Power IV Feaslbllity Study. An
IDA appraisal mission revlewed, with NEC and the consulEanEs, the present
sltuation regarding bl1ltngs, unbilled consumption, load shedding and
demand for power. Ihe mlssion believes that the underlylng growth rate in
demand for porrer to l99Al9L i.s about 7.37"/year. Under this forecast
additional generation capacity will be required by end 1987.

1.13 The ultloate hydroeleetrlc potential of Sudan exceeds 2'000 MI,l,
compared with an aetual installed capaclty of aL1 hydroeleetric plants of
160 MW in the public sysEeEs. However, there are roaJor constraints oR
developuent of hydroelectrie resources 1n the Sudan due to the hi.gh
investuent cost associated with Ehe large reservoirs required to realize
the hydroelectric potential of the River Nile since the river has a gentle
gradient, as well as to linitations oa flrm power capacity (para. 1.07).
Furthermore, preparation and coostruction of any of the hydro-electric
options would require rnore tj.m.e than is available before additional
generation capacity
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!1111 be needed followlng the Power III project. Iherefore, such addltloaal
capacl"ty rl11 have to be based on therm:l generation. The Power IV proJeet
thus lneludes additlonal thermal generation capacLty.

1. 14 There are naJor issues concerning lnvestment strategy ln the
power sector for the period beyond FY89 that need to be resolved. Due to
the Long lead tlnes requLred to reallse invest&ents, sooe of these Lssues
ehouLd be exauined soon. MaJor issues lnclude the role of dosestic ol1 and
gas in power generatlon and the most economtc Beans of developlng Sudanrs
hydroelectrtc potentlal glven the difflcultles associated with such devel-
oPtrent. The oPtinal timlngs of developnenE of water resources for power
generation and Lrrlgatlon are not always colncldeot and thus, declslons on
hydroeleetrlc development have to take account of irrlgatlon developaent
prioritles. An analysls of nultl-purpose water developmect. waa undertaken
ln the Nlle I'Iaters Srudy in 1980. ltrowever, much of the Lnfornat,ion ln the
report, espeelally concernlng costs and prlces, needs to be updated. The
proposed Progran for lrrlgatlon development glven ln the report ls being
revised by USBR. Since the progran Lncluded proJeets, such as the Upper
At,bara dau and heightenLng of Rosel.res dam, whLch would allow hydroelectrlc
development, proposals for lrrigation developnents should be taken into
account. ln long range power planning. Because of the long lead tine
requlred for the realizatloa of large hydroe)-ectrlc schemes, Sudan has to
start detailed feastbtllty studies for the next naJor scheme soon if it ls
to have the optlon of commissioning the schene by the nid l990fs. A
pre-feasibllity study for the Merowe hydroelectric proJect ls belng
financ'ed bi the Government of Sweden. The developnent of the Merowe
project will not be substantlally affected by irrigation planning.

l. 15 In view of Sudanrs current ftnanclal crisis and the need for the
earllest possible recovery of export performance, the GovernmenE rs

strategy ls to flnance Lnvestments in: (a) conpletion of ongolng high
prlority project,s; (b) rehabilltation of earller projeets, particularl-y ln
the Lrrlgation subsector; and (c) lnfrastruclure faclllEies necessary to
suPport (a) and (b). The current public investment prograrn allocates about
14 percent of total pubLtc Lnvestment to t.he power sector. Presently power
shortages constitute a naJor constraint on the natlonts econouic recovery.
Consequently priorlty needs to be given to the rehabllitatLon and
development. of electrlelty generation, traasmission and dlstribution
facilities ln those reglons of the country which contribute to the overall
economic development,. tlost of these regions are ln the areas served by the
BNG and Eastern Grld. Therefore, the strategy for the Power IV Project
should be to give prlorlty to the facilltles under the Power IV program to
be built in the BNG and Easrern Grld.

2.01

II. Ihe Proposed Power IV Projeet

The proposed Power IV Project is a group of couponents drawn from
NECrs Power IV Program. The selected coroponents are considered by NEC and
the Bank to have highest priority in accordance wiEh the overall strategy
for the ecoaotry (para, 1.15). The remaining conponents were onitted
because the total eost of the Power IV progran was consldered to be
substantially in excess of t,he financial resources that are 1ike1y to be
avallable for power developuent in the Sudan during the next few years.
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Objectives

2.02. The nain objectives of the proposed power IV proJect are:

(a) to rehabllltate existing facllltles ln the Blue NlLe Grld (BNG)
and the Eastern Grid (EG), and to assure their efflcient opera-
tlon through the provlsion of spare parts, in confornity with the
Government's strategy for the econoay;

(b) to provlde additlonal generatlon capaclty ln the BNG and EG to
treeE at least cost the forecast inerease Ln demand during the
latter part of rhe 1980s

(c) to increase transnisslon capaclty ln both grlds to transmLt the
generated energy to the maln load centere;

(d) to Lncrease the capacLty of the eubtransmlssl.on and dlstributlon
networks ln the Khartoum area and ereas of the BNG outslde
Khartoum to inprove rellabillty of supply;

' (e) to continue efforts for institutlonal inprovenents and strength-
ening of NECrs organizatlon and operatlon through couprehensive
Banagement and staff tralnlng prograBs which are being carried
out through Power III Project;

(f) to carry out a load management and energy conservation study; and

(g) to provlde fuel o11 traasportat.lon egulpment to assure supply of
fuel oiI requirements to thermal power stations in the Khartoum
area.

Project Descriptlon

2.03 The descrlption of the proposed Power IV project ls as follows:

A. Expansion of Facillties on the Blue Nile Grld2/

(a) additlon of the 7th unit (turbine and generator) aE Roselres
hydroelectrl.c st,atibn (40 MW);

(b) construction of rhe 3rd and 4th unLts (50 Mt{ eaeh) ar
Khartouu North fuel oil-fired power station;

(c) construction of the high prlority transuission projects
required for the developnent of BNG:

- lnstallation of the second 22OlltO kV, IO0 MVA transformer
together wiEh the 220 kV and 110 kV feeder bays at Kilo X
subsEation near Khartoue;

- installation of compensalion equipnent on the 220 kV
Sennar Junction-Meringan-Kilo X Eransmission line;

The Italian Governoent has agreed to finance the installation of 2 x t5
MW gas turbines at Kilo X power station under the Por.rer IV Progran.

2l
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- eonstructlon of rhe 98 kn, lI0 kV Sennar Junctlon-Rabak
transmlsston llne;

, - constructl.on of the l0O km, ilo kV Rabak-*lashkur trans-
mLsslon line and of the ll0/33 kV, 12.5 I,tlIA substation at
llashkur;

- constructlon of the 10 kro, tlO kV Sennar-Sennar Junctlon
transoission llne (2nd clrcutt);'

- installation of addlrlonal 110/33/11 kV rransforoers to
meet the growth in demand ln the BNG; and

- constructlon of the load dispatch eenter.

(d) developnent of Ehe Khartourn ll0 kV and 33 kv subtransmisslon
and 1l kV and 420 V distrlbutlon nerwork;

- constructl.on of 38 kn of 110 kV lLne from Kilo X to Forest
and Qndurnan;

- construction of 110/33/1ltV, L7.5/L0/LA MVA subsrarions at
Forest and Omdurman;

- Btrengt,hening and extension of the 33 kV network;

- supply of atrtrfbutlon traosformers, switchgear and other
naterlal for an additlonal capacit-y of I15 MVA, up to
1987188.

(e) development of the 33 kV, 11 kV and 420 V disrrlbutlon net-
works Ln the BNG outside Khartoum area:

- strengthenlng aud extenslon of the 33 kV networksl

- supply of distribution transforners, switchgear and other
uaterlal for an additional capacity of 100 MVA up to
Lg87 /88.

Expansion of Facllitles on the Eastern Grid

(f ) developrnent, of generatlon (2x5 I'IW dlesel power units at
Khashm el Girba) and transmisslon capacity tn EG;

Rehabilitation and Spares

(g) rehabllltation of the BNG and EG transmission facilities;
(h) rehabilitation of the lGrashn e1 Girba combined hydroelectric

and diesel power station (second stage);

(i) spare parts for the generation and transoissioa installa-
tions connected to BNG and EG;
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Inprovement of Power Supply Rellabi1ity on BNG

(i ) transmLssion works reguired for the reliable operation of
BNG:

- construetlon of the 3rd clreult, of the 220 kV Roseires-
' Sennar Junction transmission line (228 .kn of line on

slngle clrcuit towers) togeEher wtrh 220 kV feeder bays;

- lnstallation of rhe rhird 22A/L10 kV, 55 MVA and 40 Mr/A
transf ormers at Sennar Junetion and I'lerlngan, respee-
tively;

- lnstallatlon of ll0/33 kV transfontrers at varLous substa-
tione tn the BNG lncludlng the Khartouo area.

Increase ln Fuel 011 TransportatLon Capaclty

(k) urgent rehabllltation of the existing stock;

(f) procureoent of fuel oil transportation equlpnent, including
spare parts for the first two yearsr operation:

l0 oaLnllne locomotlves (2 each for 3 bloek trains plus
2 spare);

124 ratl rail t,anker wagons of carryLng capacity of 30
tons each;

4 sets of breaklng vans;

radl.o conounicat.ion equi.pnent. ;

(n) railway track extensions at Khartor.m and Port Sudaa;

(n) additional discharge and hearing facilltles in Khartouro
North and Burrl power sratLons (to be buiLt by NEC);

(o) Englneerlng and technical asslstance.

E.
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F. Technical- Asslstance and Studles

(p) technlcal asslstance for NEC rnanpower development and train-
irg;

(g) studles for future developnenE projects and plans:

update of the Long Tern Power Pl-an of L979;

feasibility study and project report for ihe next power
project; and

: feasibLlity study of the exteoslon of the Sennar llydro
Power Plant; and

(r) load managesent and energy conservatlon study.

ProJ ect Implenentatlon

2.04 NEC lril]- be .responsible for the lnplenenEatioa of the project and
will be assisted by englneerlng coasultants. NEC ls effeetlvely supervls-
ing constructLon of the oagoing Power III project and much of the sare
staff wlLI be avallable for supervlsion of the Power IV proJect.

Project Cost

2.O5 The estlnated project cost, excluding interest during construc-
tlon, ls LS.881.0 (US$457.6 nilllon) of whlch about 76 percent or LS
67L.3 (US$349.0 u1111on) ls ln foreign currencyo The total financlal"
requlrement, lncludlng lnterest during constructlon and the corrmltment fee
on the IDA Credlt, is estimated Eo be LS 1,L67.5 (US$597.5 million), of
whleh LS 673.0 (US$350.0) rnlllton ls ln foreign exchange. The cost
estimates are sumuurized ln Table l.

Crltlcal Path for ProJect Preparatlon

2.06 TargeE dates for the critical steps lc the Power IV Project
progratr are glven below:
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Pro.ieet Flnanclng

DLscusslons with Co-flnancl.ere lbcenber 1983
Negotiatlons March 1984
IDA Board Presentation May 1984
lDA Credtt Effectlveneas August 1984

Blddlae (tentative)

General Procurement Notlce ilarch 1984
Prequali.fication for Civll t{orks ilay 1984
Issue of Bid Docuoents Juae 1984
Bld Closlng Septenber 1984
Award of l,laia Contracts February 1985

Construction

Start Aprll 1985
Conrm{ selonlng (of the two 60 }fi{

generatl.dg units) Decesber 1987/Apr11 1988



- 11 -

S_"rrr',ry of proiect Cost Estinates

Ifcal Forelgn Tota1

----{,S 
nri 11{on-

Table I

Iocal Foreign Total

-tJS$ 

million-

3.1

4.5

5.6

0.6

B.

c.

D.

F.

Project Ccqwtts

Roseires lhit Ib. 7

(Electror+hclanical)
Itrarta:n lbrth PS [hlts lbs. 3 atd 4
(2 x 60 lr{)
Trarsdssicr, sr:btrand.ssicn and
disrih*ica pojects

E:panslcs of FacfljLttes gr the
F-ctern GHd

Retrabilitaticn ad Spares

IryrclrrnrFrtt of the Pcffer Supply cn BDG

Irarease in FEl Oi1 Transporiaticn

Tectrdca.t Assistace end Studies

TOIAL rcI,ER W PRO]ECT

Totrl Base 6st
Total Ccntlngenctes - Hqrsical

- P::[ce
- Total

Subtotal
qrstm D-rtles for rallrays,

traEportation equigtt

TSIAL IBAJECT MSt

hterest Usiry Csrstnlctlsr a/
Ccd.t'qt Fee for IItr Credit
Total ffi rd CmiMrt Fee

TOIAI" EIMm:IS rcqtrRB,mfls

1.3

25.8

52.2

6.6

8.4

10.8

l.l

L.2

LL7.4
L3.2
52.LE

182.7

27.4

n9.7

*.,
?&.8

l+g+..5

15.3

t91.2

155.0

29.3

31.9

44.5

48.5

4.0

L7.6

2r7.0

2L7.2

35.9

40.3

55.3

49.6

5.2

5n.7 638.1
69.2 82.4
81.4 rB.5

150.6 2L5.9
67t.3 854.0

671.3

9.9 9.6

99.5 113.1

79.7 lll.7

15.9 19.5

17.1 21.6

23"0 ?3.6

25.5 26.L

0.7

13.6

32.0

3.6

14. I

lffi.5 v9.a

1.0
1.0

350.0

333.3
43.L
67.L

1i67
t43.5

14.1

457.6

138.9
1.0

139.9

s97.5

0.8 2.3

61.4 27L.9
6.9 36.2
26.2 40.9- -Trt
%.5 %9.A

27.0

881.0

?&.8 138.9
L.7 t.7
L.7 2tX.5 138.9

673.0 L,167.5 247.5
:: :

g/ All foreign orrrency requir@$s assr-nd to be obtained t]rro€r grants or soft loans ad to be cnlent
to NEC at an lnterest rate of 197". Iocal orn:errry requirmrts assrcd to be provided by NEC.


