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Brief Characterization of the El•ctric Power 
Supplx of Z••bla 

LaM-coet production and dlatrlbutlon of electric energy fro• 
hydro-power le a prl•e factor in the power eupply er Ze•bll. 
The three large hydra-power atatione 

Station capacltv Vaarly generated anargv 

Karlb• North approx. 600 .... approx. JJOO Glllh/e· 
Kafue Gorge approx. gc,o fiM approx. lt200 Glllh/a 
Ulctorla approx. 110 Mid approx. 700 Gldh/11 

produce approx. 961 of ell electrlo energy generated ln the 
country. The dlatrlbutlon la et•ectea by meane of a national 
interconnected grid wlth voltagea betwaen 330 kV and 11kV. 

Electric energy is supplied to the consumer •t a standard tariff • 
valid for the entire country and at comparatively very low energy 
prices (Ngwee/kWh): this is of special importance for the developlll'"!nt 
of Zambia. 

Zambia owes the low-coat ene1gy supply to lta major river 
ayatema: 

Zambezi and Kafue rivers. 

The development of hydro-power in Z11mbl11 over the peat 25 years 
has progressed so far that e aubgtantlal export of electric 
energy from Zambia to neighbouring eta tea; 11illnlr Zimbabwe, 
takes place. At present a total of over ltOO MW and approx. 
3,200 Gtdh per yeAr ls exported, which correspond• to approx. 
61tl of Zambia's own requirements. 

!E!,!.v.1 tlca .. ertd Oraanlzatlonal Set-uR 

At Hangzhou, China/Manila, Philippines UNIDO Second Se11in11r­
Workahop/Study Tour held in October/Nove•ber 1980, I r~ported 
about the follow-up actlon Za•ble w•• •eking in the ! 

devalop•ent or Mini-hydropower Generation for the rural 
areaa •• a reeult of the reca"""endatione of Kathmandu 
Se•inar-Warkahop held in Sapte•ber 1979. 

In racagnizetlon to improve lite condition• or rural 
population in respect of decentralization of hydro-pawer 
generation and in reeponae to the United l•tlan• Conference 
on New and Renewable S3urcee of Energy held in Nairobi, Keny• 
in Augu•t 1981 the National Energy Council •nd the naM 
Depart11ent or Energy are now operetlonel. 
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The National Energy Council ie the natio~al forum where 
energy projects ond policy will be initiated, while the 
D•partment of Energy will be responsible to implaMent thP. 
decisions or the Energy Council resting with the Minister 
ror Power to whom the Council ie advisory. Rural 
Electrification in Zambia is financed by the Central 
Government through the Ministry responsible for power by 
grants and P.ubaidiee to Zambia Electricity Supply Corporation 
a paraatatal organization which le at present the sole 
urgent for development of rural electrification which ia 
executed normally by outside contracto~s. 

Methodology for Feasibility Studlea 

Pre-feasibility Study waa recently completed on the 
development of small-hydro power generation in Narthflleatarn 
Province of Zambia by Decon, Dautacha Enargia-Canault ar 
the Federal Republic or Germany, under technical 1eaiet1nce 
programme between Zam~ia Government end West Ger .. ny Govern­
ment. It is the accepted dealalon of the Ministry for 
Power to replace the existing smell diaaal power •tationa 
with SHP er MHG in the rural North Western Province and the 
rest of the rural ~entree of the rest of the Provine•• in 
Zambia. 

The present study wao elaborated on behalf of ZESCO in the 
framework of German Financial Cooperation with Zembia. The 
objective of this atudy, aa defined with ZESCO, wee t.o 
investigate the poaaibilitiaa and limitations.or th• utiliz1-
tion or hydro power in tha Northwest of Zambia with the 
purpoaa to replace the existing diesel power stations or the 
following townships: 

Mwinilunga 

- Kebompo 

- Zambezi 

- Kaoma 

With the exception of Kaoma, which aelonga ta the Waat1rn 
Province, all other townahipa are located in th• North­
We1tarn Province of Z•mbie. Lukulu, located in the Waetern 
Province, a tawnahip which up to thle d1t1 h11 no public 
alactricity eupply w•• to be included in th• atudy. 

The iaolltad network1 1x1at1ng in tha lbava taMnahlpa 1ra 
all 11/0.4 kV dietribution ayateme fad by di1aal g•n•r•tare. 
Tha,~.natwark1 •re 1baut 10 ya1r1 old and hava ba•n 
con1tructad by Z£SCO. Thay •rM in awc1llant canditlana 
and or ex1mpl1ry technlc1l •• wall 1a 1aathatic conatructlan. 
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The diesel generators, ariginal!y used for the supply or the•t 
townships are USSR-made. In 1971 four each a ~aximu• contlnu u~ 
rating CMCR) of approx. 110 kW have been installed in Mwlnilunga, 
Kebompo, Zambezi and Kesempe. These aggregates have •ea~whil« 
surp~saed their usual service life. Because or insufficient ; 
spare-parts eupply end poor service instructions (in Russian: 
only) these diesel generators ere in bad condition and have 
partially been replaced or complemen~ed by movable unite 
of various origin (capacity: approx. 100 - 200 kW). 

In order to secure the electricity supnly of tha townships or 
the project area, a substitute investment over the next two 
to three years seems necessary for replacing almost all 
installed diesel generators of the investigated diesel po~er 
stations. 

The values ~ver the past year of annual peak load, energy 
gyneraticn and load factor are es follaws: 

Installed Peek Annual Electric Annual 
Capacity Load 

(kVA) (kW) 
Energy Load 
Generation Factor 

(MWh/a) Cl> 

Mwinilunga B12 300 957 J? 

Kebompo 725 290 1,036 ~1 

Zambezi 1.050 310 1,360 50 

Kaeempe 750 290 900 27 

Keo me 490 240 BOB J8 

Since the installed capacity ia insufficient to meet ~he 
demand end the peak load therefore limited by means of laad 
oheddin~, the values for Keams can only be compared to a 
certain degree with thoac of the other towna. 

The increase of the annual elect.ric energy generation of 
the tDwnshipe over the past ycarA wee mostly in the rate of 
2 to J % but, partially even lower. The high portion of 
productively used electricity (approx. BO to 90 %) ia a 
characteristic feature of all town~hipe. The socio-economy 
of the project area ie marked by 

- very sparse population 
- dominating importance of Aubeistence agriculture 
- very few production centres with very few e~ployed labourers 

- bad traffic roads and greet distances between the places 
- sufficient public health and educational institutions 
- the supply of the populetlori with foodstuffs and everyday 

consu~er goods needs to be (mproved 

-1 

~ 
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A strong migration trend of the male population in the project 
area to the Copperbelt end LusakA le to be noted. 

The load forecast for the inve~tigated townships was worked out 
on the basis of an annual increase of 21 p.a. for the first 
ten yea~a end of 31 p.a. for the remaining 15 years up to 
the forecast horizont. 

Mwinilunga approx. 490 kW 

Kabompo approx. 520 kW 

Zambezi approx. 560 kW 

Kaeempn approx. 580 kW 

Ka a me approx. 410 kW 

Lukulu approx. 230 kW 

The concentrated ~upport of the field studies by ZESCO 
(making available en airpldne, croee-country cara, etc.) made 
it possible lnapite of difficult traffic condltlona to obtain 
a comprehensive view of the possibilities to l•tlllze hydro 
power in the project area. 

Characteristic for the North-West of Zambia ia a terrain 
aacending to en altitude of up to 500 m above the typical 
Zambian Plateau and heavier rainfalls. This results in 
relatively fair conditiong for the conetructi~n of hydro 
power etationo; these conditions become, however, lees 
favourable further south. 

Although the rivers in this region allow in pert for an 
expansion of the plant capacity up to 20 or 30 MW, the sites 
proposed have purposely been adapted to the local demanda. 
Two Aizee typical for the power qtetione have been chosen: 

Size 1: 

Size 2.: 

Inetui~P.d cnpacity: 

Installen capacity: 

approx. 50 to 200 kW 

approx.500 to 2,000 kW 

All hydru power stetiona have been farer.eon ae run-off 
rivr.r power Atetions in order to meet the following 
requirements: 

BB little disruption of the countrynide ae poaaible 

Be little detrectinn from the use of the site around the 
power stations 

avoidance of extensive w~ter reservoirs (high vaporization) 

low construction coata per site 

limitation of the dimeneionA of flood protection inetalla­
tione. 

When selecting the aitca epeclal attention hae bean paid ta 
their proximity ta the load centres in order to minimize the 
cont for the neae~nBry trBnemieeion lines. 
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In this atudy the following hydro power station oites have 
boen investigsted in more detail: 

1) Hwinilunga Bridge (2 )( 600 kid) 

2) Ka~a•pa-Manyinga Bridge ( 1 x 100 kl&I) 

3) Kabampo-Chakota Falls (2 )( 600 !chi) 

4) Z1111bezi-Chavuma Ft1lle (2 )( 600 kW) 

5) Kane-s:n• Bridge (alternatively 1 )( 100 klll 
or 1 >< 230 kW). 

Standardized power house structures, adapted to the turbines 
installed, have been proposed ee fer ea poaeible for the 
development or the aitea. Hateriale available at the eite 
will be used for dam structures. For all plants the share 
of local currency is above 60%. 

The relation or discharge (Q) to height of fall (H) permits 
the tnetallatlon of three typeo of turbines: 

Flow-through Turbines (type: Ooaberger) 

Francis-Shaft-Turbines 

Kaplan-Tube-Turbine~. 

With regard to the basic conception the proposed structures 
end equipment ere conatrued in form of e ~HAT-technlq~e~ 
(mechanical assembly technique). Therefor2 they can be utilized 
with alight 1110dlficatione et any other hydro power station 
Gite in the project area. 

For the hydro powEr etetiona the fallowing inve&tment coot 
including trane•lssion lines to the townships to be supplied 
have been esti•ated: 

1 • Hwinilunga Bridge 8.8 million DH = K 3 .12 

2. Hanyinga Bridge 4~6 million OM = K 1.63 

3. Chakata Falle 9.3 mil Hon DH = K 3.30 

4. Chevume Fallo 1'•. 0 million DH = K 7.96 

5. Kasempa Oridge 4.7 million DH = K 1.66 

~8. l~ese1npa Bridge 
- Alternative - 5.7 million DH ::I K 1.0 

The connection of the townnhipr. to the national grid hes eleo 
been cvel~eted under the celaullti~n ;of profitability. It 
wee found, howaver, that the dynamic generation coet to h;; 
expected are three times exceeding thane of isolated nctworke 
with di~sel generators. Thia alternative hes therefore 
been given further conoidcreUon 1n other calculations. 

The findings of the otudy provP. tha expected strong dependency 
of the ~yna•ic goneration coot from the rate of interest. 
With B .rote of.8 % the hydro power atat!onB 
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(Alternative 3.1) 

(Alternative 3.3) 

(Alternative 3.5a) 

- are more favourable then diesel power stations only. 

With regard to its economir.al operation the C::havume Falls power 
Dtation ouffere from the greet distance (75'km) to the 
townehip of Zambezi oe its principle loed demand. Possibly 
the feasibility study will ohow more favourable ~eaulte since 
the eetim~tes of inveotment costs include high contingencies 
because of the uncertaintieo of the basic data. 

The following dynamic generation coat (OM/MWh) have been 
calculated: 

Intere11t rate Interest rate 
8 % 51 
. . ... 

Hydro Diesel Hydro Diesel 
Power Power Power Pnwer 

1. Manyinga Bridge 838 006 767 807 

2. C::havuma Falla 825 770 635 776 

3. Kasempe Bridge 'J 1 ~i 067 618 854 

Finiland haa advanced technology in the dcelgn and economic 
application of MHG power generation unite which could find 
extensive un~ in remote arr.an of the Third World Countries 
which hav~ no local designing and manufacturing technological 
base df HHG equipment. 

Finiland designs end manufacturcG Kaplan tur~inee for low­
hcad application and aom~ franclo turbines for medium heads, 
es well an gateo end other atructurco far hydro electric · 
power otationa. The capacity of turbines ranges from 
100 idd to 50 Mb!.. Under technical egrccmcrnt with f' inl land. 
A project team of experts will arrivr. in Zambia at tho 
beginning of March 1~83 to carry out e Feasibility Study 
in t~e rest of thP. country on Power Syotem Development for 
4-5 months period. Except in Western Province were Norway 
might carry out a f'east~ility ~tudy on Mi.nl-hydropower 
generation (Rural Electrlficatlon). 

Taohnlquae tQr determining llini ts of 1rnoto reduction 
compa .. 11:!1P. ·viilbilitv and utility - Recommendationa 
The preceeding commento hove ehown that the olx townships 
investigated in the North-Wuotern Province and w~otern · 
Province will have to be eeeeanc~ differently with regard 
to alternatives to the ulectric en~rgy supply from diesel 
gcneratoro. · 

1 
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The following eucerteinmcnt i8 veltd for all locations: 

When connecting the placP-s invect1gatc1 to the national arid 
tha dyn~mic generotton coato ere un high that within a 
measurable time thi~ ~lternetive can not he connidcred en 
ecanomlcel one, although according to information obtained 
from ZESCD generating and trenr,mienion coctn within this grid 
er~ to be calculated with 14.14 DH/HWh (D.52 ~gwce/kWh). At 
on e I dioccuntlng rate theo~ coetn ere three timeo above 
those to ba expected for the aupply from dicncl generators 
in isolated networko, even though when taking into account 
a 2% annual actual prir.e increase for the diesel oil over 
25 years. These eacertainmenta need verificetian·if in future 

the energy end power demand produc~~ over many years 
high growtn retce in the inventigsted townohipe which 

arc way above the average of ell of Zambia. 

the annual incr~asc of the coats for dieoel oil is 
substantially higher than tho general coat of living 
in Zambia 

the maximum power demand amounts to et least 2 MW and 
the energy demand to et leeot 7 GWh/e in each place, 

Due to the geographical location of the townHhipa the 
neeeeement cf the use of mini hycJro pow.:?r for the pleccs in 
the North-WeRt Province is basically positive. 

ror cer.h of the oth~r pleceu one or ~everol posni~ilitlee for 
the use cf hydro power havE? been evaluated. The findings !'!how 
e atrong depcnd~nce of the elternetiv~a upon the rate of 
interest. 

At an intureet rate of 8~ end 5 % the following dynamic 
generation coAt (DM/HWh) have hncn ~alculeted: 

1. Mwinilunge Bridga 

2. Menyinga Bridge 

3. Chekata FAlln 

4. Chavuma Falln 

5. Haoumpa Oridgc 

5a. Kaoempa Bridge 
- Alt~rnativ1? -

Intercnt rate 
0% 

Hyctra 
Power 

790 

633 

783 

1325 

915 

Dhrncl 
Paw er 

792 

BOG 

806 

77!1 

067 

367 

Intcre!'lt rate 
5% 

Hydra 
Power 

G14 

767 

612 

635 

010 

603 

Diesel 
Power 

791 

807 

607 

776 

D!il: 

taking an in~araot rate of 0% en baa~ for evaluation th~ 
following order of priority results~ 



- 8 -

1. Viabompo - Altt!rnetivc 3.3 - Hydro Power Station Chakate 
Falls (installed capeci ty: 1, 200 kW)· 

2. Mwinilunge - Alternative 3.1 - Hydro Power Station 
Mwlnilunga Bridge (instell~d uapecity: 1,200 kW) 

3. Keeompe - Alternative 3.5e - Hydro Pow~r Station Kaaempa 
Bridge (installed capacity: 230 ~W) 

4. Zambezi - Alt2rnative 3.4 - Hydro Power Station Chavuma 
Fells (inatalled capacity: 1,200 kW) 

5. Viebarupo - Altcrnntivc 3.2 - Hydra Power Station Chakate 
Falls (installed capacity: 1, 200 l~W) 

6. Kaeempe - Alternative 3.~ - Hydra Power Station Kaoempa 
Bridge (installed capacity: 100 kW). 

nt this int1!reet rate of 8% the dynamic generation coat of 
the hydro power ~tatione: · 

Hanyinga Bridge -Alternative 3.2 

Chevuma Fells -Alternative J.4 

Kaccmpe Bridge -Alternative 3.~ 

arc higher then those once which are calculated for the supply 
from diesel generators. The laot three alternatives of the 
shown priority list cann~t be recommended on the be9ie of 
these reoulta for e further lnveetigetion in a feasibility 
atudy. 

When looking at the supply of electric energy ea an infra­
etructural measure of special importance end therefore taking 
a ~% interest rate ea the beeie for evaluation, then the 
order of priority changes ao follows: 

1. Kebompo - AltP.rnatlve 3.3 

2. f-1winllunga - Alternative 3.1 

3. Zambezi - 1\1 tcrnetive 3 • '· 

4. Vieeempa - Alturnetivc 3.Se 

'j • l~abompo - A 1 ta rne ti vc 3.2 

6. Keacmi:ifl - Al ternetive ::i .5 

The ~!egremo preAcnted ahow thP. following 
raturn for the invaatige tad 

Kaaempe Bridge 
- Al tcrneti ve 

Chol<ate Fella 

Mwinllunge 0ridgo 

n1tcrnetivea: 

9.3 % 

a.4 % 

0. 1 ~~ 

internal ratee or 

1 
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?.2 " 

6.7 % 

6.3 I 

blhcn rating theaa findings the foll.awing will h•ve to be tak11n 
into conolderation: 

The coat entimetee for the hydro power stations includo 
high cantingencias due to tho uncertainties et the 
present planning stage. A feasibility etudy •ay 
possibly produce more favourable results. 

A techno-ecanomical optimization regarding 

height of dame 

size of turbines 

nua~er of turbines 

will have to be detormined in a feaoibillty study. The facts 
on hand are insufficient. 

The siten of the hydro power etatiane may still be slightly 
altered in a feaeibili ty study upon clooer explnrRt1nn enri 
more exact knowledge on the g~ology and topooraphy. 

On the basis of th~oe rusulte it can be recommended to 
investigate the aiteo of 

Hwlnlluuga Bridge 

Chaketa Fallc 

Kaeempa Bridge 

in the framework of e fueoibility ~tudy. The aite of Chevume 
Fells should also be includ~d, if possible, in thia study. 

It.is expected that more detailed ~ite inventigationa show 
more favourable reaultc far thia power otetion~ 

Regarding site.survey, necP.aAery far o!Jtnining the requlrBd 
detailed data, ZESCO hae agreed to finance the co~responding 
topogrEphical investigation. 

Centralized and Oecentral~znd HHG Syoteme 

HHG Gyata•s in Zambia ere necuesary far rural multi purpose 
projects especially that Government is ectlvoly going to 
lntroduca village in~uatry. But although Zambia may havo 
itn own way of applying the M~IG technaJ.ogy, and was purouing 
\ta own RLD projccta, lt is quite olert to the pooaibilltiee 
of learning from cthero ct thin Workshop. 

1 
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Zamaie will were necessary continue ta extend centralized 
power oyeteme especially for major rural indu1try and farming. 
At present farm bu0iness ls done under several restricting 
scarce factors. An attempt we::; !IE!ing made ta select an 
optimum crop-plan for the farms \n th~ country. There le 
need ~o analyse various perametera of the energy needs for 
increased egr1cutural production in Zambia by irrigation. 

Loral Design end Manufacture of ~quipment end eux111eriee far 

After completing the current feaulbili ty studies for MHG. 
Government will be asked to decide an the strategy for lmpl2-
mentetion of rurgl electrification ~ragremmeo Due ta Zam~ia's 
present inexper!ence in the design end manufacture of 
equipment, it might be necessary to approach UNIDO/UNDP to 
give Zambia economic/technical eseiAtance in the development 
of MHG - It might be time saving to obtain the beet design 
of HHG equipment from UNIDO for consideration end develop­
ment by Zambia Government. 

The creation of National Energy Council along with the 
Department of Energy will definitely alter the present 
etti tudes to Rural Elect;.·ifi~tion for the better future of 
rural childrctj in Zambia. 

We expect the United Nationa Industrial Development Orageni­
zetion ta ~upport end reinfo~ce national efforts, especially 
of developing countries. But developing countries must 
ntrr.ngthen their collect!ve self-reliance. Technical 
Co-op~retinn, the sharing af training facilities, the 
~xchange of e~p~rts and information, joint R L D programmes 
including the teating of equipment, mutually beneficial 
consultancy end related meacuree ere weye to make self.­
reliance a reality. A freer flaw of technical information 
and B more libel transfer bf technology from high pressure 
areae to depressed regions af tne economic etlee should 
become a tenet of new world a~der. 

- - • .. >til 

l 
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